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72 Watt $44 ■ SS 

54watt$28.80 
32 Watt $23 ■ QQ 
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PL9 
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$27 .so 

Acrylic Diffuser 
Rapid Start 
Circline or PL 
Steel Pan 

427 Series - High Pressure Sodium 

LU35 $65.SO 

PRICES INCLUDE LAMPS 
FOB FACTORY 

Die Cast Zinc Body 
Nickel or Brass Plate 
Lexan Lens 

Clear Prismatic 
White Translucent 

O-Ring Gasketed 
Tamper Hardware 
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Letter from the Editor 

Welcome to the debut Issue of Facilities Manager. the new quarterly magazine of the 
Association of Physic.al Plant Administrators of Universities and Colleges (APPA). 

The magazine will be publtshed every Spring. Summer. Fall. and Winter and ts malled 
automatically to the institutional. Associate. Affiliate. and Subscribing members of APPA. 
(Of the APPA membership dues. $30 goes to the publication of Facilities MaIJ48er: subscrip· 
tions are $40 for four Issues. $50 to foreign addresses.) 

Our cover story this Issue Is on the future of facilities management lo higher education. 
as predicted by six Leaders In the campus facilities profession. While they may agree that 
there Is nothing new under the sun. they each see a vast potential for the Involvement of 
the facilities manager at our colleges and universities. 

We are also proud to Introduce you to our quarterly selection of the best management 
and technical articles around. This Issue includes professional articles on such varied topics 
as roof maintenance. computer based maintenance prediction models. alternative financing 
of energy efficiency projects. and the Innovative use of bar coding for fire inspection. stores 
inventory. and other physical plant applications. Each issue of Facilities Manager will bring 
you up-to-date articles on the topics you want to know more about. 

Towards the back of the magazine you will find The Bookshelf-reviews and announce
ments designed to Inform you of the latest publications and whether they are worth 
buying or not. 

Upcoming issues of Facilities Manager will hold many more surprises as we Improve and 
fine-tune the magazine for all our readers. Please take a moment to fill out the reader 
survey and return It to us so that we will know how to serve you better. 

The development of a new magazine Is an exciting. exhausting effort that also brings us 
a tremendous responsibility to our readers. Let us know If there Is an article you'd ltke to 
see: or better yet. write it yourself and submit It for publtcation. If we fall down In our 
promise to bring you fine technical and management papers, or If you disagree with the 
statements of any of our authors. send us a letter. We'd be happy to share your comments 
In our next issue. and your letter will serve as a reminder of our commitment to excellence. 
And don't forget. If you only have positive comments we'd love to hear from you as well. 

I would ltke to take a bit of space to thank some of the people who helped the Spring/Sum
mer 1985 issue of Facilities Ma~er see the ltght of day: Norm Bedell and Stu Litzsinger. 
present and previous chairs of APPA's Professional Affairs Committee: the 1983-84 and 
1984·85 Professional Affairs Committees: the APPA Executive Committee and Board of 
Directors: Nick Davis and everyone at Sans Serif: Eric Wiemann and the gang at Hundley 
Lithograph: Diana Jeffery and Maxine Mauldin: all the authors and reviewers who appear 
in this first Issue: and. finally. the advertisers who took a chance on a fledgling publication 
even before seeing a flntshed product. 

We hope you enjoy this premier issue of Facilities Manager. and we Look forward to a 
Long. healthy relationship. 

Steve Howud, Editor 
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276OOD WAYS 
TO FURTHER YOUR 

ROOFING EDUCATION 
The Roofing Industry Educational Institute 

1985-1986 Schedule Of Seminars 
Basic Roofing Roof Inspection 
Technology Diagnosis & Repair 

1 September 10-13, 1985 9 October 21-22, 1985 
Dallas, TX Kansas City, MO 

2 October 8-11, 1985 1 o November21-22, 1985 
Baltimore, MD Nashville, TN 

3 January 7-10, 1986 11 January 23-24, 1986 
Orlando, FL West Palm Beach, FL 

4 February 4-7, 1986 12 March 13-14, 1986 
Denver.CO Denver. CO 

5 April 8-11, 1986 Single Ply Roofing 
Indianapolis, IN Systems 
Co-sponsored 
Indiana Univ . 13 November19-20, 1985 

6 April 15-18, 1986 Nashville, TN 

Pittsburgh, PA 14 December 4-5, 1985 

7 May 6-9, 1986 Phoenix, AZ. 

Chicago, IL 15 March 18-19, 1986 

8 May 13-16, 1986 Los Angeles, CA 

Las Vegas, NV Co-sponsored 
U. ofSo. Cal. 

Above are listed 27 good ways to further 
your roofing education. If you are an owner; 
maintainer; architect, engineer, or designer; 
contractor; code, insurance, or building 
official; manufacturer; or anyone else who 
has a professional interest in commercial, 
industrial, or institutional roofing; one or 
more of these up-to-date, intensive sem
inars on roofing technology belongs in your 
plans for 1985-86. 

Design & Specification 
of Roofing Systems 

16 December 6, 1985 
Phoenix, AZ. 

17 March 20, 1986 
Los Angeles, CA 
Co-sponsored 
U. ofSo.Cal. 

Standing Seam Metal 
Roofing Systems 

18 November6-7, 1985 
Seattle, WA 

19 November14-15, 1985 
San Antonio, TX 

20 January 21-22, 1986 
West Palm Beach, FL 
Co-sponsored by CSI 

21 February 25-26, 1986 
San Diego, CA 
Co-sponsored by CSI 

Standing Seam Metal 
Roofing Systems 

22 March 10-11, 1986 
Denver.CO 

Roofing Update 

23 October 23, 1995 
Kansas City, MO 

24 November 8, 1985 
Seattle, WA 

25 February 28, 1986 
San Francisco, CA 

26 March 12, 1986 
Denver.CO 

27 A seminar designed 
specifically for yo~r 
company or organiza
tion on a contract 
basis, or one of our 
regular seminars con
ducted for your group 
at a date and place of 
your choice. 

To get course outlines, fee schedules, 
and registration forms fill out the coupon 
and send it in today, Or call us at 
(303) 770-0613 during business hours. 

fZr The Roofing Industry Educational Institute 
6851 South Holly Circle-Suite 100 
Englewood, CO 80112 

---------------------------------------119 The Roofing Industry Educational Institute 
I~ 6851 South Holly Circle-Suite 100 
_. Englewood, CO 80112 
~ 

Please send me information on the following RIEi 
seminars for the 1985-86 season: 
(check one or more) 

D Basic Roofing Technology 
D Roof Inspection, Diagnosis, & Repair 
D Single Ply Roofing Systems 
D Design & Specification Of Roofing Systems 
D Standing Seam Metal Roofing Systems 
D Roofing Update 
D Special Seminar 

My Name ________________________ _ Mr. ___ Ms. _ _ _ 

Company name _____ _____ ___ ___________________ _ 

Address _____________________________ _____ _ 

City _______ __________________ State ___ Zip ___ _ 

Phone number(--) 
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The Future of Campus Facilities Management 
by Steve Howard 

The basic problems of 
the campus facilities 
manager have changed 
little over the past 
seventy-five years. 

Steve Howard Is editor of FacilJtles Manager. Re
search assistance for this artlde was provided by 
Cltberlne A. Smith. 

Securing appropriate funding levels for 
regular maintenance and repair. tralnlng 
and motivating employees. keeping abre.ast 
of the latest technology. and finding a roof 
that won't leak are concerns that continue 
to plague managers today. Yet. the facilities 
management profession has encompassed 
many purposes since 1914. when the Asso
ciation of Superintendents of Buildings and 
Grounds of Colleges and Universities was 
formed ln Chicago with fifteen charter 
members.1 

The past fifteen years have given rise to 
numerous technological advances. most of 
which are a result of the energy crisis of the 
mld-1970s and include cogeneratlon and 
fluidized bed combustion systems. smoke
stack scrubbers. more efficient chillers and 
boilers. and improved mechanical and 
electrical systems for buildings. 

This period has also brought about new 
management techniques- the one-minute 
manager. quality circles. Theory Z. the M 
Form Society. managing by objectives. 
managing by wandering around-all de
signed to improve the quality of the modern 
working environment. 

But. without question. the greatest 
Innovation for today's fadllties manager Is 
the computer. The computer now accelerates 
the departmental budgeting process. moni
tors energy management and ftre protection 

1 After several name changes. the Association of 
Physical Plant Administrators of Universities and 
Colleges (APPA) now has an International 
membership of 3.000 facilJtles professionals at 
1.250 Institutions of hlgher education. APPA's 
purpose ls to promote excellence In the admlnJs· 
tratlon. care. operation. planning. and develop· 
ment of facilities In support of the academic and 
research functions of colleges and universities. 

systems. and provides comprehensive 
preventive maintenance scheduling. Ad
ministrators can communicate with each 
other-across campus or ac.ross the coun
try- via electronic mall. Work order stations 
throughout campus give assignments to 
trades and maintenance employees from 
one central office. Parts stores provide 
perpetual inventory counts as Items are 
requisitioned. Reports. memos. and corres
pondence can be entered, edited. and 
printed with a word processor without the 
need to type numerous drafts. These exam
ples illustrate the vast potential of computer 
applications to physical plant functions. 

But what of the future of fadllttes man
agement ln higher education? Wlll a new 
electronic wonder supplant the Inroads 
paved by the computer? Probably not. but 
hardware modifications and the develop
ment of new software programs wlll con
tinue to lnc.rease the power of the manager 
using them and enhance the efficiency of 
the fadllties operations organization. 

Wlll a consultant develop a new manage
ment technique that is the solution to all 
employer-employee problems? It's unllkely. 
but we certainly will see numerous contrl· 
butions to the already bulging lite rature. the 
best of which will incorporate a common 
sense approach with a unique procedure for 
leadership and motivation. 

The Enrollment Boom, Again 
Six administrators recently discussed 

with Fac.Jlities Manager the present and 
future of fadllties management oo college 
and university campuses and warned that 
Institutions may not be preparing fully for 
the inc.rease ln enrollments projected to hit 
U.S. campuses in the mld-i 990s." 

"Unless funds are provided to properly 
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malntain our structures and facilities. 
someone Is going to come along In the year 
2000 and see 40-year-old buildings In worse 
shape than they are now." says F. Louis 
Fackler, assistant vice chancellor for fadli
tles and services at the University of Califor
nia-Santa Cruz. "Our maintenance budget Is 
set up to handle only the day-to-day rna1nte
nance to keep the place running. But the 
overall mechanism to take care of the major 
budget expenses-the deferred rna1nte
nance Items such as the repainting or 
complete reroofing of a buildlng-never 
receives adequate funding. And as the 
campus gets older, the funding becomes 
less adequate." 

Mark D. Langford. director of fadlitles 
management at the University of Missouri 
system. blames state legislatures for rarely 
having the foresight to fund many defened 
maintenance projects. "If projections hold 
true that by 1995 we will see a major boom 
In the cycle of student enrollment. getting 
facilities In the proper state of repair and 
adapted for that environment Is going to be 
a monumental task." he says. "Unfortu· 
nately. the state legislature usually does not 
see any further down the road than a year 
or two at a time. and certainly not ten 
years. By the time they recognize the need 
for new or renovated factlitles. the problem 
will have already occuned." 

Gene B. Cross, vice president for facilities 
at Kansas State University. agrees that 
Increased enrollments will lead to most 
fadlitles problems In the year 2000. "The 
student demand Is going to exceed the 
Institution's ability to accommodate. much 
like what we experienced In the late· I960s." 
says Cross. "And it will be hard to catch up 
because we will again find ourselves coming 
Into a growth situation from tight economic 
times. The real challenge of the professional 
facilities manager In higher education Is to 
achieve equity In facilities funding." 

For Rdward C. Bogard. dJrector of 
fadlities management and planning at the 
Dallas County Community College District. 
the need for better communication and 
coordination among the academic. business. 
and facilities sectors Is an Important priority. 
"As we become more and more high-tech 
oriented. we are going to have to provide 
space that meets new demands that perhaps 
we do not have a dear picture of right 
now." says Bogard. "For Instance. we are 
seeing a plethora of laboratories with 
microcomputers springing up on campus In 
locations that were not Intended to house 
that kind of activity. Fadlitles managers are 
being asked to make those spaces more 
acceptable from an environmental 
standpoint. 

"Hand In glove with that Is the need for 
facilities managers to be extremely sensitive 
to the requirements and use of ex.lstlng 
energy. We must take advantage of new 
technologies In terms of utilizing energy 
more efficiently and not waste It. as we 

have done ln the past. We simply must be 
more aware of campus activities that require 
different kinds of energy." says Bogard. 

Ever-changing academic programs
sometimes caused by great societal upheav
als. yet which last only briefly In the cur• 
riculum-also diminish the physical plant 
department's ability to provide consistent. 
top-quality service to the Institution. "Deter
mining the Impact of enrollments on avail
able resources and accommodating the 
continuous change In academic programs Is 
probably the greatest overridlng problem 
we have today." says Harvey H. Kaiser. 
senior vice president for fadlitles adminls· 
tratlon at Syracuse University. 

• As enrollments lncrease. • he says. ·we 
must continually consolidate our physical 
space and manage It for performance. In 
terms of curriculum. an active research 
university Is constantly evolving new 
programs and research tnltiatlves that 
require functional Improvements to existing 

space or demands for new space. All of that 
has to be balanced against developing the 
resources to match those requirements." 

Electronic education and expanded 
computer access for the entire campus ts 
Increasing In Importance and will require 
the Institution to recognize the quantity 
and quality of available space. according to 
Kaiser. • And as with many research univer
sities. we have struggled with rapidly 
obsolescing research equipment and In· 
strurnentation." Kaiser says. "That. In turn. 
leads to a demand to acquire resources to 
Improve our equipment and lnstrumenta· 
tlon, as well as our laboratory environ
ments." 

While B.C. Lott, Jr .. assistant vice presi
dent for plant management and construction 
at the University of Texas at Austin. agrees 
that high-tech developments will revolu
tionize certain physical plant functions, he 
believes that the ability to maintain an 
efficient. well-qualified, well-trained staff Is 

The Facllltles Manager of 2005 
We asked our six fadlitles experts to give their description of. 

or advice for. the typical campus facilities manager twenty years 
hence. Here's what they had to say. -S.H. 

Rdward C. Bogard 
Dalks County Community College District 

"In terms of the dollars and cents expended by an Institution. the 
largest portion comes under the jurisdJction of the fadlitles manager 
lo labor and utilities cost. He or she must be highly trained to 
handle the Increased emphasis placed on fadlities management In 
order to become a leadJng force ln the academic community and 
help set or Influence policy on how funds are spent for renovation, 
renewal. and new expansion. Institutions will regularly look to 
facilities managers to help them Invest their funds wisely for 
campus modifications." 

Gene 8. Cross 
Kansas State University 

"Ninety to ninety-five percent of the LndJvlduals heading fadlitles 
operations have a technical background. and justlflably so: but the 
best ones also possess strong management capabilities. SmaJler 
Lnstitutlons have a greater demand for the technical expertise. and 
you can get by lf you are weaker In other areas. But once the 
Institution begins to grow. the administrator becomes more Involved 
with schedules, programming. deferred rna1ntenance programs, 
budget aJlocatlons. hlrtng. staff arbitration. affirmative action. and 
other management details than with the hands-on, technical needs 
of the Institution. The ideal fadlitles manager will combine a strong 
technical background-a degree In engipeertng or architecture, for 
Instance-with an MBA and proven management abilities." 

F. Louis Fackler 
University of CJlifomla-Santa Cruz 

-Very few people will be hired In professional fadlitles positions 
without formal education. and I foresee Increased Importance being 
placed on engineering and management degrees. While there will be 
more and more spectallzatlon. the top manager will not have to be a 
spectalist In every area. Because we are continually pushing for 
greater professionalism In our field. the fadlitles manager of the 
future will be viewed as Important a manager as any other on cam
pus." 
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and will be the greatest problem facing 
campus facilltles managers. 

Says Lott. "We have a di££icult time 
hiring and retalnlng Individuals skilled In 
the working trades. such as carpenters. 
mechanics. painters. electrtctans. and 
plumbers. so we find ourselves hiring who 
we can get, training them for four or five 
years until they are at the Journeyman level. 
and then watching them leave the unJverslty 
to go to a higher paying Job In industry. 
There Is a constant turnover. And as more 
companies get Into the design and mainte
nance of high-tech facilltles. more people 
will be lured away from the unJversltles. 
Although we are building higher quality 
laboratory and research facilltles. the more 
attractive positions are going to be In 
industry." Lott, like Langford. blames state 
legislation for the woeful lack of funds to 
attract and retain highly-quaj1.f!ed employees 
at all skill levels within state colleges and 
unJversltles. 

Harvey H. Kaiser 

What Lies Ahead1 
Although the educational factllties pro

fession as a whole will see few lf any major 
changes In the future. Lott believes the 
greatest contributions will occur at the 
individual Institutional level. "It Is hard to 
develop a management program at UT/Au
stin and implement It at MIT. for example." 
says Lott. "In developing new programs at a 
university campus. you use the basic con
cepts of good management and build it 
around your particular organization. budget. 
and staff. But the same program Is not 
going to work for all institutions across the 
board." 

Fackler sees the 1990s as a growth period 
for education not unlike that of the 1950s 
and 1960s. "It will be an excellent time for 
young people In management and engineer
ing." he says. "and facilltles management 
will be such an expanding field. We are 
going to be considered an Integral part of 
the campus administrative team, because 

Syracuse University 
"In terms of innovations or trends. institutions will strengthen their 
fiscal skills and management Information systems. Facilltles 
managers will find their responsibilities broadening In scope past 
operations and maintenance to encompass the management of real 
property (including the decision to buy. build. lease. or sell). tele
communications. planning, security. and other auxiliary activities. 
This broadenJng means they must also deepen their technical 
capabilities as well as their management skills. which will require 
degrees in both areas plus significant management experience." 

Mark D. Langford 
University of Missouri 

"If we could get past the stigma that universities offer less than 
desirable positions and do not pay well. we would be able to 
attract top-notch, highly qualified people who are going to benefit 
the rnJsslon of higher education. And while the factllties manager's 
scope of responsibility will not change. we will see greater sophisti
cation in automation systems and computer applications: this is 
going to require a more technically competent manager than we 
now have. In addition, the trend In industry for supervisors to work 
their way through the ranks to management positions is starting to 
occur in higher education. In time you will see more technically 
competent. qualified engineers in facilities management positions." 

H. C. Lott. Jr. 
University of Texas at Austin 

"In twenty-five years I have seen very few changes In the facilities 
management field. The greatest innovations. of course. have been in 
data processing and telecommunications, but the basic management 
concepts that have been around forever can handle such timely 
concerns as the energy crisis and accessibility requirements in the 
1970s, and the asbestos problem of today. But although a large 
number of facilities managers have degrees in business or come 
from a military background, the requirement in the future will be for 
engineers." 

everything we do is so Involved with 
research and other university activities. 

Bogard stresses professionalism for 
facilltles managers and planners and more 
understanding of the issues and needs of 
the acadernJc community. "We need to 
become more visible to those people." says 
Bogard. "We are no longer in a position to 
merely sit back. answer questions. and 
solve problems. We need to show that we 
can solve certain problems of the community 
with a good functlonJng plan developed 
before we are asked by the adminJstratlon. 
We need to develop a sense of planning and 
participation at the highest levels within 
the acadernJc sector." 

Langford warns that in order to deal 
effectively with vice chancellors and busi
ness offlcers. factllties managers must be 
better qualified to handle people and fiscal 
matters. as well as maintenance operations. 
"The management and technical skills of 
many of our facilities people are somewhat 
lacking." he says, "and that affects their 
ability to communJcate with their superiors. 
The future Is going to be an interesting 
time, but we have to be able to hold our 
own when competing for funds and dealing 
with the accounting operations of the in
stitution." 

The theme of the factllties manager as 
part of the decision-making team on campus 
is echoed by Kaiser. who states that "the 
future Is dependent on those people now 
with careers or those who look towards 
careers in institutional physical plant 
management and realize that facilities 
management has a scope much broader 
than operations alone. It includes the areas 
of planning and real property. which then 
introduce the manager to policy making as 
opposed to simply operations manage
ment." 

Finally, the essential value of the facilltles 
manager to any college or university cam
pus- large or small. public or private-ls 
summarized by Cross. "The secret and key 
to success for the facilities manager. indeed 
for the president, chancellor. business 
offlcer, and other adrnJnistrators, Is to 
ensure that there Is a balance in the alloca
tion of resources to all areas within the 
institution. Keeping that balance within the 
physical resources ensures that the real 
rnJsslon of higher education- teaching. 
research. and community service-ls being 
served to the fullest extent." ■ 

Letters 
Readers wishing to respond to this or 
any other article in this Issue should 
send their comments to Letters. Facilities 
Manager, 1446 Duke Street. Alexandria, 
VA 22314-3492. All letters should be 
typed. double-spaced. and no longer 
than 500 words in length. Shorter letters 
have a better chance of being published. 
and the editor reserves the right to edit 
for clarity or brevity. 
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Bar Coding Applications 
in Physical Plant Departments 

by John A. Heinz 

Introduction 
T)hyslcal plant departments are constantly 
r faced wtth the challenge of finding 
ways to optimize the use of their funding 
and personnel resources. One of the more 
difficult areas Is to Increase productivity by 
minimizing seemingly nonproductive time. 
Including record keeping-time cards. 
preventive maintenance. fire protection 
system testing. cost accounting. etc. It is 
amazing to discover the extensive amount 
of cumulative record keeping time that this 
represents. 

Mini· and microcomputers have come of 
age as a significant tool to help manage the 
massive amounts of data required to manage 
physical plant departments. We all have 
had varying degrees of experience with 
computers. Large departments may require 
the capacity of minicomputers to handle Its 
data requirements. Small departments can. 
with thoughtful planning. do most of the 
same things with micros. Even the large 
departments. relying primarily on larger 
machines. will benefit by the appropriate 
use of micros. Thus. the field is expanding. 
actually bursting right out of its seams with 
potential. 

Most data Input Is a manual transcription 
from some other resource document or 
record, most of which have been hand 
written by someone In the system. In the 
case of preventive maintenance. even 
though we may have started with a com
puter-generated work statement, the re
sponse to the computer Is hand written by 
a mechanic. which must be manually 
transcribed to the computer. Parts disburse-

John A. Heinz Is director, physical pLmt depart
ment of the University of WasbJ.ngton, Seattle 
Washington. 

meat to mechanics is hand recorded and 
transcribed to a computer. Time cards are 
hand written and transcribed to a computer. 
Many other relatively routine hand written 
Information is ultimately manually tran
scribed to a computer. 

There are two slgnlficant problems wtth 
this process. First. a lot of valuable labor 
time Is wasted originally recording and 
redundantly transcribing this information. 
Second, an Immense amount of error Is 
introduced in the process. Writing skills are 
not one of the requirements to be a good 
mechanic. Consequently, their hand written 
information introduces great potential for 
error. Zeros. nines, and sixes often look the 
same. The data entry person will not only 
transcribe mistakes based on incorrect 
interpretation. but they too make a nominal 
percentage of errors. Additional time is 
then wasted finding and correcting errors, 
partlcuarly when charging work to self-sus
taining clJents when totally unrelated Items 
show up on their bills. It becomes somewhat 
overwhelming when you think carefully 
through the examples of nonproductive 
time consumed- recording data. tran
scribing data, researching and correcting 
errors. fielding phone calls. not to mention 
the heartburn induced when responding to 
calls from some less-than-graceful overbilled 
clJents. 

This. In my view, is the next big opportu· 
nity to enhance productivity: to eliminate. 
or at least minimize. manual transcription 
of data to the computer. For the moment. 
bar cod.Ing may be the answer. 

The Uses of Bar Coding 
The food industry Is the most visible user 

ofbarcoding. Mostsuperrnarketcheckout 
areas are automated to read and record the 

bar code on product labels. thus speeding 
the process and mainta.tnlng a high degree 
of accuracy. Industry uses bar coding to 
identify and manage components on assem
bly lines and in stock. Modem warehousing 
Is becoming more dependent upon bar code 
identification. A few forward thinking firms 
are using bar code identification with their 
employee time-clock stations. The trend Is 
estab!Jshed. and the time has come for 
facilities management to caplta!Jze on the 
benefits. 

We have begun to do so at the University 
of Washington. but before I describe our 
activities I will briefly explain our building 
ma.lntenance and alterations accounting 
system. which likely Is different from yours 
but helps to estab!Jsh the perspective. 

All of our primary building equipment 
(supply fans. exhaust fans, pumps. refriger
ated drinking fountains. etc.) have a digital 
identification (DI) number. which has four 
parts. First Is a three-digit building number, 
second ls a two-digit building floor number. 
third ls a two-digit function number. and 
fourth is a two-digit spec.Ifie number of the 
unit on the floor. The function numbers 
range from 01 to 99 and are used to Identify 
the generic types of equipment. For example. 
function number 03 Is refrigeration systems, 
function number 11 is swlmmlng pool sys
tems. 

Fortunately. each craft has only a few 
function numbers to learn regarding their 
spedalty areas. Thus. DI numbers not only 
provide a unique record number for each 
major component but are meaningful to the 
mechanics. With a DI number they know 
what building the Item Is In, what floor it Is 
on. what kind of system or unit It Is, and 
which one of several slm.llar units on the 
floor It is. With only a DI number our 
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mechanics can virtually go directly to a 
particular piece of equlpment. 

Further. the DI number provides us with 
a convenient means to cost account all 
maintenance-by building. by generic 
categories within each building. or by 
generic categories throughout the entire 
campus or any speclfted building group. 
This can be of great benefit when assessing 
costs. developing budgets. and analyzing 
high cost problem areas. Thus. assurance of 
accurate records Is imperative In order for 
the data to be useful 

Consider the preventive maintenance 
(PM) process. Every day a large segment of 
our work force Is conducting PM. and each 
mechanic will be Involved with several 
systems each day. ln order to maintain not 
only accounting of their time but also 
accounting of maintenance activity and 
machinery history. the mechanic must fill 
out a somewhat complex time card. Often 
eight to ten nine-digit DI numbers must be 
entered on each card Three hundred 
plumbers. refrigeration mechanics. electri
cians, and other tradespeople writing down 
3.CXX> nine-digit numbers-plus their time 
for each one. all on small lines on a small 
time card-for later manual transcription 
lnto a computer results In a monumental 
data management problem. 

And that Is only one small part of our 
record keeping program. In addition. we 
have a 9.CXX> line-Item repair parts store. 
Repair parts must be dispensed and ac
counted for against the system or compo· 
nent being repaired. which requires more 
DI number recording and parts number 
recording. We also have alterations projec
tions-several thousand small size jobs 
totaling nearly $3 million worth each 
year-each with a project number for 
which time and materials must be ac
counted Indeed, we have a monumental 
data management problem. 

In a completely different area we maintain 
an extensive Inventory of fire protection/ 
prevention systems. With over 200 buildings 
and 12 million gross square feet. we have 
every kind of system available. We have 
more than 6.CXX> portable fire extinguishers. 

for example. The law requires that all of 
these systems and equipment be checked 
and tested on a regular basis and evidence 
of those checks or tests recorded for review 
by the regulatory agency. 

Raw data entry alone has been keeping 
two full-time data entry operators busy. and 
they are usually several days behind. In 
addition. many other on-line staff members 
are busy entering and altering data. Again, 
Imagine the time spent In the field putting 
down all of this data In the first place. the 
time required to enter It Into the computer. 
and finally. all of the errors that are made 
that eventually someone else Is finding and 
trying to correct. sometimes long after the 
error was created. Yes. we have a monu
mental data management problem. and that 
simply had to change. 

Setting Up the Pilot Program 
We decided to start In an area with the 

highest potential for success. working with 
a small crew of spectalists wllling to partici
pate In the development of a pilot program. 
Our choice was the fire marshals and one of 
their many tasks-the monthly check of 
the 6.CXX> + portable fire extingulshers. 

I met with one of the bar code industry's 
major equlpment suppliers to determine 
equlpment capability and costs. With that 
background I then set out to implement the 
program. First. we bought a bar code label 
maker (Figure 1) and a portable bar code 
reader (Figure 2). Then we made bar code 
labels for every fire extlngulsher station on 
campus. using the DI numbering system. 
We then made unique bar code labels for 
every portable fire extinguisher both In the 
field and In replacement stock. The labels 
were placed on the fire extinguisher stations 
and the portable fire extingulshers. 

At the same time we had one of our 
computer programmers write the relatively 
simple programs requlred for the bar code 
reader and our DEC PDP 11/34 and 44 
computers so the Information can be 
recorded and transferred directly to the 
computers. This was an Interface program 
since the computers already were pro
grammed for the entire fire extfngulsher 

\. 
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Inventory and all building fire extinguisher 
stations. In addition. the fire marshals were 
given a bar code of their employee tdentlft
cation number. 

With that. the program was ready to go. 
Each week certain groups of fire extin
guishers must receive their routine check. 
To do so the fire marshal takes the portable 
bar code reader and first reads his ID 
number. which logs the individual doing 
the field checks. and makes his rounds. 
Next he reads the fire extinguisher station 
and then the fire extingulsher at that 
station. The bar code reader beeps Lf he 
does not do this In proper order: It will not 
record Information unless It Is done In the 
correct sequence. There Is no need for hand 
written recording. and a vast area can be 
covered In a short period of time. 

At the end of the day the bar code reader 
Is plugged Into the computer and the 
collected data Instantly down-loaded. 
completely e.ilmlnatlng the need for data 
transcription by a data entry operator. 
Within minutes a printout can be produced 
that shows the date. the name of the 
Individual checking the fire extinguisher 
station. and the fact that the fire extin
guisher was In that station. Due to the 
precision of this process we are currently 
working with the local fire department to 
abolish the need to date and initial the 
paper tag on each fire extinguisher. I know 
we will ultimately receive that approval: 
however. bureaucratic systems are hard to 
change. 

Every five years pressurized fire extin
guishers must receive a hydrostatic pressure 
test. We do this on a group basts. We use 
the same process when we replace all fire 
extinguishers in several buildings with 
units from stock. The new extinguisher Is 
Installed and the station and extinguisher 
are read with the bar code reader. Upon 
completion of the exchanges and down-load
ing the data to the computer we Instantly 
know which extingulsher is in which 
station. the date. and the responsible fire 
marshal. We also have a special bar code In 
the shop that. when read. indicates to the 
computer when extinguishers are out for 
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pressure testing. Upon return another 
spectal bar code. followed by a group of 
extinguishers. lndlcates to the computer 
that they have been picked up and returned 
to stock. awaiting reuse In the field. 

Consequently. we have an automatic way 
of track.Ing and recording the status of 
every portable fire extinguisher on campus. 
with dates and responsible party- all done 
with no hand written Information or 
laborious transcription to the computer. 
And it is virtually error free. 

Problems Force Modifications 
There were some start-up problems. 

however. We found that the original bar 
code reader. specifically the contact wand 
scanner. would not read labels on textured 
surfaces. such as the fire extinguisher 
stations. or on curved surfaces. such as the 
fire extinguishers. This was overcome by 
buying a more expensive non-contact laser 
scanner (Figure 3). Even so. the cost Is 
nothing compared to the labor savings. In 
addition. because I turned the Idea over to 
someone else to implement. some important 
elements were left out and negatively 
affected the process. This did not help with 
the promotion with the fire marshals. and It 
took a while before I discovered what had 
happened. Now that these problems have 
been corrected the people are extremely 
enthusiastic. When we finally get fire 
department approval to stop Initialing the 
paper tags we will be all the way there. 

We have attempted to evaluate the cost 
savings In this pilot program area covering 
portable fire extinguishers. Our conclusion 
is that the time saved. includlng time 
previously wasted reviewing and correcting 
recording errors. conservatively amounts to 
more than $20,000 per year. That is nearly 
equivalent to gaining the services of one 
full-time employee out In the field doing 
the more Important functions fire marshals 
are trained to do. 

The next step is more difficult. primarily 
because it encompasses a much larger body 
of people. It Is being done on a pilot program 
basis working with selected shops. more or 
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Figure 1: Bar code label maker. 

less one at a time. Initially. part of the 
process Is being done somewhat manually 
until we can obtain equipment to do the Job 
totally automatically. 

The first part' of the next step Is to gain 
bar code control of alterations project work 
for the several thousand projects each year. 
All physical plant requisitions have a 
sequential number. These requisitions are 
printed in the university's print plant. I 
worked with the print plant manager and 
found that for $25.000 he can purchase the 
necessary auxiliary equipment so that the 
sequential number can be printed In bar 
code along with the current number. Until 
that occurs we can manually add the bar 
coded number using the bar code label 
maker. This step is not that difficult to do 
and Is done via Interconnection of the label 
maker to a computer terminal. which the 
clerical staff already use. The label is then 
affixed to the requisition. This only takes a 
moment and will save a lot of time In the fu. 
ture. 

Also. all employees are now being given 
bar coded employee ID numbers. and the 
stores program will be plactng bar code 
labels on all of the parts bins. Further. we 
plan to purchase nearly two dozen of the 
less expensive contact wand scanner bar 
code readers. one for each craft shop. 

The Completed Program 
All projects will have a unique bar coded 

JD. as will all employees and nearly all 
parts. At the end of each day employees 
will read their ID bar code. followed by the 
project bar code and the amount of time on 
the Job (read from a bar coded number 
plaque at each bi!r code reader station). The 
sequence after reading the employee ID 
number can be repeated as many times as 
necessary for the work done that day. A 
"stop" bar code ends the sequence. Thus. all 
employees will no longer fill out time cards 
and Instead will record their day's activity 
In the bar code readers. Spectal bar codes 
will be developed for training. supervision. 
and similar kinds of non-project activity. 
When parts are dlspensed to projects. the 
stores clerks will r.ead the project number 
bar code. the parts or materials number. 
and the number of units dlspensed. 

On a daily basis the bar code readers will 
be picked up and the data down-loaded 
directly to the computer. Management 
reports will be available the following day 
on every project and will include transac
tions and costs to date. The computer will 
automatically cost account all time and 
materials against the projects. and simul
taneously record all work activity to each 
Individual's personal time record and adjust 
Inventory according to the number of parts 
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dispensed. Virtually all of this will be done 
automatically without the need for manual 
data transcription and, again, virtually error 
free. 

It ls appropriate practice for supervisors 
to routinely review and validate their 
employee's time cards, yet now time cards 
will no longer exist. Consequently, computer 
programming will be developed to appropri
ately display this Information on the super
visor's video display terminal for review 
each day. Any corrections can be made as 
necessary, followed by the supervisor's 
validation. Also, the status of all projects 
will be available on VDTs to supervisors 
and managers, mlnl.mizing the need for 
computer printouts. 

The PM program will be operated the same 
way. We are currently working to get the 
computer to bar code the DI numbers on 
the computer generated PM work assign
ments: thus, mechanics can simply scan the 
bar codes and their time. This Is currently a 
problem that may not be-resolved satisfac
torily without some further graphics-related 
improvements and, perhaps, changing our 
printers to a different type. In the meantime, 
manually produced bar code labels will be 
affixed on the PM work sheets. Even 
though this is extra time spent at one end 
of the system. It will save time at the other 
end and result in an overall net gain. 

I have analyzed the overall time saving 
once the system Is fully operational. and I 
can safely predict that the system will save 
more than $250,000 each year in time 
currently spent documenting. recording, 
and accounting for all of the work completed 
and correcting any record keeping mistakes. 
In an ideal world. that is time that will be 
transferred to more productive use elsewhere 
in the system. 

We will use the contact wand scanner/ 
reader in each shop and in the parts stores. 
It can be left in place on a desk or table for 
use in time-carding. or worn on a belt when 
moving about in the parts store. The contact 
wand scanner must be held dose to the bar 
code and scanned from left to right. The 
reader is easily programmed and the pro-
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Figure 2: Portable contact bar code reader. 

grams are easily changed to serve different 
specific purposes. 

The non-contact laser scanner/reader Is 
essentially the same as the first except that 
It Is a more expensive. more flexible scanner 
for reading distant bar codes (up to twelve 
inches away). at odd angles or on odd 
surfaces. A light beam shows when you are 
on target and a beep sounds to indicate 
successful reading. 

About the size of a double-deck desk ln
basket. the label maker Is simple to use. It 
does require special rolls of label material. 
The contact wand scanner/reader costs 
about $1.900. while the non-contact laser 
scanner/reader costs about $3.600. I will 
have about two dozen of the contact unit 
located In various shops and stores, and 
only two of the non-contact unit for the fire 
marshals. The bar code label maker costs 
about $2.100. Due to the fact that my major 
shop complexes are In three dispersed 
locations. I will need three units. 

So my entire equipment cost will be In 
the range of about $58.000: a one-time cost 
that will ultimately save $250.000 per year 
thereafter. Most departments probably 
would not have to spend nearly as much. 

There are many different bar code styles 
and you will discover that there are several 
International standard bar codes. We 
decided to use code 39. which is a standard 
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code well suited to this application. Some of 
the bar codes are miniaturized and con
sequently are difficult to work with. 

Other Bar Coding ApplJatlons 
The foregoing discussion has been 

focused on areas that are essentially pure 
physical plant activities. Knowing that 
physical plant departments often take on 
many collateral duties. or often work 
closely with other service units on campus. 
It seems appropriate to trigger some 
thoughts In related areas. 

Property control is usually a big problem: 
for example. movable equipment such as 
desks. chairs. and typewriters. Somebody Is 
usually responsible for annually confirming 
the inventory. 

Such equipment should be given a bar 
coded ID so that the annual inventory can 
be accomplished using the non-contact 
laser scanner. If there is a further need to 
know where the equipment Is located. 
geographic areas within buildings could be 
bar coded by placing the bar code geographic 
ID in a central office. One would read the 
geographic area bar code: subsequent 
equipment readings would be assumed to 
be in that area. A "reset" bar code would be 
used to end a series and reset the reader to 
require a new location code reading before 
reading more equipment. Direct down-load 
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to properly programmed computer would 
Identify the date, survey person, and location 
and confirm the existence of all equipment 
read. 

Another area Is food service facllities. 
which generally uses a lot of prepackaged, 
prepriced, quick take-out food. Since some 
type of label Is often affixed, there may be 
good reason to bar code the label for faster 
handling by the cashiers and more accurate 
price control. Secondary purposes of bar 
coding food might result In data for man
agement to assess product popularity or 
time-of-day and time-of-year studies to 
assess which products sell best at various 
times. Such data could Influence food 
service planning. 

Mail handling and postage is often a 
centralized service. Even though handled 
centrally, postage costs are often recharged 
to departments. Departments could be 
required to place bar coded departmental or 
budget ID labels In the lower right-hand 
comer of all outgoing mail. An automatic 
sorter could weigh and scan the letters. 
stamp the correct postage amount. and au
tomatically recharge the proper budget. To 
save envelope typing time, the bar coded 
label could be expanded to include the 
appropriate return address and then be 
placed In the upper left-hand comer. Such 
labels could be provided on rolls by the cen
tral mail service at nominal cost to depart
ments. 

Most campuses have a central purchasing 
and stores program, from which depart
ments obtain consumable supplles. Supply 
requests could include a place for the bar 
coded budget label. to be put on by the 
requesting department. With that and bar 
coded supplles identification, the stores 
clerks filling orders could easily record 
these transactions using the belt-mounted 
portable bar code reader. which. in turn. 
would be down-loaded directly to the 
computer for automatic recharge and 
Inventory adjustment. The same bar cocllng 
would facilitate inventory control when 
restocking central stores: again, minimizing 

Figure 3: Non-contact laser se,mner. 

time consuming hand written paperwork 
and Increasing accuracy. 

Conclusion 
I will end by saying that this Is a fun 

project that has great potential to Improve 
physical plant and university operations: 
what I have offered only scratches the 
surface of that potential. I hope that you 
have been stimulated to look Into this 
process on your own and develop your own 
ideas and appllcations. Whereas we are 
using this In conjunction with mini
computers. the process will also work well 
with micros. Only the scale Is different. 

I strongly recommend that you start 

• 

small and build up to a comprehensive 
program. The pilot program approach 
works extremely well for two reasons. 
First. you can have a controlled learning 
experience with a manageable small group 
of people, which also gives you an opportu
nity to evaluate equipment without a large. 
Irreversible Investment. Second. a successful 
pilot program Is the best sales approach for 
the somewhat apprehensive and skeptical 
main body of your work force and fewer 
problems will occur as you expand from a 
well developed foundation of experience. ■ 
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The Maintainable Roof System: 
by Dr. Be ydon Z. Lewis, P.E. 

A Guide for Architects 
and Facilities Managers 

Introduction 

For many years roofs were considered by 
building owners and designers alike to 

be the same as the foundation and walls of 
a building-they did not require any mainte
nance until they wore out and were replaced. 
We know now that roofs will perform 
better If they receive regular maintenance. 
Roof systems have become more sophisti
cated to cope with changing needs, particu
larly the need for greater thermal insulation. 

This normally leads to Increased capital 
Investment In the roof system. espectally 
since one cannot now afford to indiscrlmi· 
nately replace a roof before Its Intended Life 
span. Further. the Inconvenience of a 
tearoff due to dirt. restrtcted access around 
the building, Interference with building 
operations. etc .. along with the risk of water 
entry while portions of the roof are removed, 
warrants retaining the existing roof system 
In place as long as Is economically practical. 

This article will discuss the maintenance 
of roof systems and more importantly, 
consideration of the need for maintenance 
In the initlaJ budgetary planning of the 
building through the design and spectftca
tion stage to the actual construction or 
installation of the roof system. The concept 
of a roof as a system Is emphasized along 
with spectftc design altematives that can 
Increase the long-term usefulness of the 
roof system. 

C Copyright 1985 Thermo-Scan Engineering 

Heydon Z. Lewis ls president of Thermo-Scan 
Engineering. Inc .. Littleton, Colorado. and a 
faculty member of the Roofing Industry Educa
tional Institute. 

My experiences of inspecting roofs have 
found that several factors were associated 
repeatedly with the premature failure of a 
roof. These three factors Include poor 
drainage systems, poor details for Installa
tion of roof accessories. and poor access to 
all parts of the roof area. both on the large 
and small scale. In short. more roofs have 
been destroyed by neglect than by acts of 
nature or old age. 

This has lead me to the maintainable 
roof concept. Stated very simply. this 
means that In addition to being buildable. 
the roof should be designed such that Its 
component parts need less recurring mainte
nance and can be repaired or replaced easily 
without the need to remove the entire roof 
or even seriously damage satisfactory areas 
of the roof. It recognizes that the roof must 
function as a system together with the 
supporting structure and any accessory uses 
of the roof leve.L How ts this different from 
the roofs being installed at present? 

First. there are many different methods 
for creating a waterproofing membrane on 
the upper surface of a building. The on-site 
constructed bituminous membrane. or 
built-up roof (BUR). has been around the 
longest of the principal membranes and has 
the greatest background of experience and 
knowledge. It Is not without Its problems. 
however. The greatest Is the unavoidable 
requirement to fabricate It on-site during 
uncontrollable weather conditions with 
!Jttle opportunity for formal quality control 
methods. There have been many failures of 
built-up roofs, many of which were not the 
fault of the system but rather that the roof 
was neglected until It was In serious 
trouble. 

Somewhat unfortunately, Just as the 
knowledge and techniques to avoid prob
lems with built-up roofs became generally 
available, along came the single-ply mem
branes with such glowing promises of 
Infallibility that they appeared to have 
come straight from heaven. Time has 
shown that they are not without problems 
of their own and that neglect and the 
importance of proper design remain com
mon to both systems. There are other 
roofing systems. such as the !Jquid app!Jed 
systems. but none of these ls perfect In 
spite of the manufacturers' long-term 
warranties. There are fundamental concepts 
that must be observed If one is to have a 
successful roofing system. regardless of the 
type of membrane to be installed. 

Second, since there are now so many 
alternatives In the selection of membranes, 
It Is easy to take a system or combination of 
components that will work fine on one type 
of building or In one climate and assume 
that Lt will work satisfactorily In all app!Jca
tlons. For example. the sheet single-ply 
membranes are vulnerable to damage due 
to uncontrolled foot traffic or vanda!Jsm. 
This means that one should be careful about 
their use on a school building. although on 
a multi-story commercial building, with all 
mechanical equipment In the penthouse. 
they would !Jkely work fine. Another 
concern Is a loose-laid, rock ballasted 
membrane system which Is a designer's 
dream because It Is Inexpensive. Inexpen
sive. that ls. until one trtes to find a leak 
under the rock that may have been caused 
by the rocks themselves. There is a definite 
trend toward more mechanical attachment 
of Insulation on metal decks: what effect 
will this have In the future when the roof 
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system dies of old age and must be removed 
down to the structural dee.kl 

Currently. we are creating lots of llttle 
mine fields for those who must assume 
long-term responsibility for the operation of 
a building. The way to avoid these future 
problems Is by giving design attention to 
the three fundamental features of the 
maintainable roof concept. namely. good 
drainage and drains. good accessory details. 
and good access to the roof and around Its 
equipment. These fundamentals apply to 
any type of roof membrane system. although 
they may be Implemented differently for 
the different systems. The concepts apply 
equally to remedJal roof design as to the 
design of new buildings. 

Design Concepts 
Drainage 

Posltlve Slope All roofs should be 
sloped to remove water promptly. I agree 
with chapter three of C. W. Griffin's M,mua/ 
of Built-Up Roof Systems. which discusses 
drainage and the adverse effects of Ignoring 
positive slope. Regardless of how little the 
membrane Itself Is affected by standing 
water. ponding has a detrimental effect on 
the structure and ma.x.llDlzes the potential 
for Interior damage when a failure occurs In 
the membrane. There are two basic ways to 
obtain slope. either In the deck or by tapered 
Insulation. There are advantages and disad
vantages to both. I recommend that the 
deck be sloped where It Is easy and that 
tapered Insulation be used otherwise. There 
Is much dispute over how much slope to 
use. A 1/8-tnch slope per foot will drain 
satisfactortly. The question Is how much 
design slope should be used to assure that 
the l/8-lnch slope Is actually achieved. 

Camber or sag of beams and heavy point 
loads must be considered. Location of the 
drains lo mid-span where the normal sag of 
the structure will be greatest will assure 
good drainage. as contrasted to locations 
near columns where the piping Is easter but 
no sag occurs. One must consider all llve 
and dead loads including future expansion 
when planning the design slope. There are 
some hazards to pwvtding too much slope. 
as water may be able to run to the drains 
too quickly for their capacity. causing water 
to run overtop of the base flashing. if 
nearby. One should also consider that no 
roof deck turns out exactly the way one 
wants It. so tndude design provisions for 
installation of small bleeder drains In low 
spots that may develop after the building 
has had time to settle. 

Avold PoadlDg Havlng decided to 
slope the surface. next assure that nothing 
Interferes with water flow toward the 
drains. Avoid locating long skyllghts. HVAC 
units. etc .. perpendicular to the slope that 
will trap water. Where such units are neces
sary. Install saddles or crickets to divert the 
water flow around the units toward the 
drains. The next major design decision Is 

-' . .,. 

. ,, 
·~ 

-.-~. · .i?f.? ~a! !· I 
,, ,.;, ·"' ~' ', '-.. """l I 
.. ;.i.V: t'..~~ .. ~ -

. _.,"-"<..-: . 

~ _:·i·.~(·~.::- -~~-'i _:_~_,_:·: ?-:~~-~~~-"!!!!!"1'il":'~,...~~:l;::.._ 

-.;-.:--P·.-·.,·•·tl:>~~ .- -~ "'--.· .. -.. ~. · • . ~ ~~ 

r10~·-·I_ •----~ ~-~-,. . , 
.· . '---, . . ·-~~- ·. . ~ 

. •. ::------._ .~ , ,".:.::-<:. ____ ~ "-. 



... ; ·. • 

' -

- . 
~ -' . -~ ~ 

:t 

SPRING/SUMMER. 1985 FACTLITIES MANAGER 13 

how to prevent water from standing in the 
valleys or along walls between drains. If 
drains are too far apart in the valley. there 
will be ponding. Fifty feet between drains 
should be the desired maximum spacing. 
Crickets and saddles are then required to 
assure complete drainage. An interior valley 
will often be located over a beam-column 
line so that drains must be offset one to 
two feet away from the bottom of the 
valley. Since there must be a continuous 
Joint in the insulation board along the 
valley line, this increases the potential for 
splitting an adhered membrane, particularly 
BUR. Again, crickets are necessary to move 
the valley line to the drain line and to divert 
water Into the drains. 

Side EHects When a building has 
multiple levels. even as simple as a central 
penthouse. the intersection of the sloped 
roof with walls must be carefully considered. 
A slope of 1/4-inch per foot gives a 25-inch 
rise over 100 feet. If the high side of the 
roof Is against a wall. the surface elevation, 
including insulation thickness. must be 
defined carefully to assure space for instal
lation of the counterflashing under windows 
and doors. If there Is a wall along the 
sloped side of the roof. particular attention 
must be given to installation of the coun
terflashing. If the wall Is concrete. a surface 
mounted unit can be attached following the 
same slope as the deck once the roof Is In 
place. If the wall is brick or block. the 
masonry drawings must show where the 
receiver changes courses. If there Is a center 
ridge line that dead-ends against a wall. 
then the roof surface elevation must be 
carefully calculated to define the height of 
the counterflashlng and assure that with a 
low parapet wall one does not run out of 
wall height. 

Drainage Systems Selection There 
are many alternatives but one in particular 
has routinely been a problem: namely. 
running water over sectionalized metal 
gravel stops at the perimeter edge of a roof. 
This Is asking for trouble due to the difficulty 
of preventing failures of the membrane at 
the metal Joints. particularly with BUR. In 
freezing climates any exterior drainage 
including scuppers and downspouts will 
likely be a problem. This leaves internal 
drains as the preferred alternative: however, 
be careful to plan for overflow drainage. 

All drains. whether internal or scuppers, 
should be installed in sumps using tapered 
Insulation to avoid a tendency toward 
ponding created by the additional layers of 
material around the drain. Coal tar bitumen 
roofs must have special design care to avoid 
letting the bitumen get into the drain pipes 
and to provide a means for removing It If It 
does. Sumps also prevent a minor accumu
lation of debris on the strainer from causing 
widespread ponding. The strainer should be 
easily removable and Its top must extend 
several inches above the adjacent roof 
surface. Each major roof section should 
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have at least two drains. The overflow 
drains should be designed so as not to be 
obstructable by the same debris as the 
primary drains. One must consider 
hailstones as potential debris because 
mixed with gravel. they can plug a drain for 
a considerable period. All scupper headers 
should have an overflow port to permit 
water to escape should the downspout 
become obstructed. Preferably. the down
spouts should have an open front face. 

ANSI Standard A58. l -l 982 notes that the 
structure should be designed to support 
water assuming that all primary drains are 
not functioning. Gutters are satisfactory 
with steep roofs. e.g .. metal or shingles. but 
be careful to avoid Ice dams In freezing 
cllmates. This Is a thermal envelope problem 
and not a roof problem. although there are 
ways to minimize damage by Installing a 
truly sealed membrane under the shingles. 

Each roof level of significant size should 
have Its own drainage piping connected 
directly to the storm drain: do not cascade 
water from higher levels onto lower levels. 
The latter Is a particular problem when 
designing additions to buildings. Controlled 
flow drains can be the kiss of death to a 
building because they are more easily 
plugged than normal drain strainers. If 
there ls a storm drainage problem. the 
water should be retained on the property In 
basins In parking lots and landscaped areas. 
but never on the roof of a building. Insurance 
companies should refuse to cover buildings 
using controlled flow roof drainage. 

Accessory Details 
The second part of the maintainable roof 

concept pertains to accessory details. which 
refers to the many cross-section drawings 
on an architectural plan showing how 
specific elements are to be Installed. Tradi
tionally. these have been planar cross-sec
tions. but many problems can be attributed 
directly to the non-use of Isometric drawings 
that better illustrate what Is desired and 
can often warn the designer that something 
Is not going to flt. With the current avail
ability of good three dimensional computer
aided design and drafting programs. there Is 
!Jttle excuse for not providing adequate 
detail drawings. 

Metal Water should be prevented from 
standing on or flowing over metal wherever 
possible. since It can fail from rust much 
more easily than the membrane. Use raised 
perimeter edge details and scuppers where 
the c!Jmate Is suitable for exterior drainage. 
Where the membrane Is attached to metal. 
the thermal expansion-contraction coeffi
cients will !Jkely damage the membrane 
more than the metal. Long runs of metal 
must have waterproof contraction Joints 
designed Into them and all metal penetra
tions should have a simple flashed curb 
around them. All coping covers and HV AC 
ducts should have sloping top surfaces to 
shed water and sufficient structural capacity 

to prevent deflection under snow loads. All 
Joints between metal sections should be 
standing seam or equivalent to keep the 
Joint away from the water plane and to 
permit some amount of thermal movement. 
All metal assemb!Jes. from counterflashtngs 
to HVAC ducts. should be disassemblable: 
never use solder or rivets for an entire as
sembly. 

Spacl.ag Ail equipment. piping and 
walkways should be mounted on flashed 
curbs or pipe pedestals. Wherever possible. 
route gas pipes and electrical conduit 
someplace other than across the roof. Pitch 
pockets should not be used for sealing 
around penetrations unless the building 
occupant has a preventive maintenance 
program that assures that the pockets will 
be Inspected every six months and refilled 
as needed. 

Where pitch pockets are used. a movable 
metal hood or umbrella can sometimes be 
effective In shedding water away from the 
pocket. However. It must not be Installed so 
as to prevent easy Inspection of the pocket. 
Adequate space must be provided between 
penetrations to permit a full base flashing 
to be Installed. Route electrical conduit up 
Inside the curb rather than via a pitch 
pocket outside the curb. There should be 
adequate space under all equipment over 
the roof. Including provision for insulation 
In future roofs. to permit easy access under 
the equipment. The Details Manual of the 
National Roofing Contractors Association 
(NRCA) has illustrations for appropriate 
Items. Use standard details wherever 
possible to reduce the cost of fabricating 
one-of-a-kind designs. 

Walh Parapet walls need more than 
cursory attention. If the wall is not directly 
attached to t4e roof deck. special provision 
must be made to avoid damage to the base 
flashing due to differential movement. The 
top course of block should be so!Jd: bricks 
turned on edge are unacceptable. Metal 
coping covers should be sloped Inward. Tilt· 
up wall panels deserve particular caution as 
the a!Jgnment of the tops and edges may be 
poor. For this reason such walls should 
always have a coping cover to keep water 
out of the Joints between panels. Under no 
circumstances should the coping cover be 
set into a receiver In the top of a wall. 
especially a precast wall in a freezing 
cllmate. 

Roof Shape Keep the shape of the roof 
as simple as possible. While multiple re
entrant comers provide architectural style, 
they are a potential disaster. At the very 
least they drive up the cost unnecessarily. 
At worst they concentrate stress on the 
membrane at the comers. leading to sp!Jts 
and tears In cold weather. Do not change 
the edge details back and forth from parapet 
to low profile, for example. This Is often 
done where precast panels create a parapet 
edge while special inset door and window 
sections create a low profile edge. Use area 

divtderr- to break the roof Into simple 
rectangular shapes as necessary. 

Cooling Towers Coo!Jng towers 
should not be located on roofs. However. 
knowing that they will be anyway. special 
precautions can avoid the common failures. 
Make certain that adequate space Is provided 
for access under the tower to reach all 
piping, etc. For large towers this should be 
at least four feet above the roof surface. 
Install a curb attached to the deck com
pletely around the tower to prevent water 
that enters the roof here from damaging the 
rest of the roof. Install a high quality smooth 
surface membrane within the tower work 
area; this will facilitate deaning sediment 
and finding punctures. Install at least one 
roof drain so that flushing operations do 
not cause water and debris to run out onto 
the rest of the roof. 

The designer should be aware that 
screening walls around coo!Jng towers may 
reduce their operational effectiveness as 
much as 50 percent. Such walls should be 
louvered to permit air flow and avoid the 
serious wall vibration that can develop In a 
windstorm. The mounting of the wall 
absolutely must not use pitch pockets since 
the vibration will rapidly break their seals: 
use flashed curbs Instead. For long walls. 
provide access doorways. preferably with 
no actual door. at opposite ends to facilitate 
access for maintenance. 

DJfferentlal Movement Expansion 
Joints need specific design attention. both 
as to their location and Installation. Joints 
are needed wherever there ls the potential 
for differential movement In the structure. 
such as the site of Internal structu.ral Joints 
or where an addition is attached to an 
existing building. Less well known are 
places where a metal deck changes direction 
or where long precast beams meet end-to
end over an Internal beam-column !Jne. The 
old rule-of-thumb of placing a Joint every 
200 feet on a roof has not proven out. If the 
Internal components of the roof system are 
properly attached. there ts no need for such 
Joint: if they are not. the Joint will probably 
not prevent sp!Jtting anyway. There Is often 
a benefit to Installing area dividers to 
reduce the size of large roof areas. Flush 
expansion Joint covers. particularly those 
where water Is Intended to flow over them. 
should be banned. 

Before designing a Joint detail. consider 
first in how mal}y different directions can 
the roof move. The elastic membrane Joint 
covers. properly installed on a curb. accept 
movement perpendicular to the Joint well 
but not when parallel to the Joint. If both 
types of movement are possible. then the 
Joint should be the generic type that has a 
metal cap attached to one curb overhanging 
the other curb. In direct contradiction to 
vendor !Jterature. elastic membrane Joint 
covers should not be mounted with one 
side attached to a wall Otherwise, the 
membrane traps the water that runs down 



the wall on top of the boot, the boot always 
has a splice somewhere, and the water 
always seems to find the failed splice. 

The proper detail ls shown In the NRCA 
Detail Manual for the non-wall supported 
deck. If there ls a comer In a Joint. the 
designer should ask himself if he knows 
what he ls doing. If this occurs with an 
addition. there ls not much one can do: 
otherwise, careful attention should be given 
to what type of movement ls going to occur 
and why. Use factory molded comers 
wherever possible. Isometric detail drawings 
should be provided for all terminations of 
expansion Joints. not just the normal cross
section In the middle. Under most cir
cumstances a roof expansion joint cannot 
terminate until It reaches ground level. 
unless it doses on Itself. This means that It 
must have an orderly transition through the 
parapet wall or edge detail into the wall 
expansion joint. If there Is no wall expansion 
joint. the designer should be asking himself 
what the purpose ls for the roof Joint. 

An often overlooked differential move
ment possibility Is In the vertical plane. The 
roof deck ls usually part of the overall 
structural system going down to the foun
dation. On the other hand. plumbing piping 
and other components may be lald on grade 
with vertical extensions that penetrate the 
roof. If the soil ls not stable or if Interior 
floor loads cause settlement. these penetra
tions will likely break their seals unless 
provision ls made for movement. Heavy 
snow loads may deflect the deck sufftctently 
to break lead boots on pipes. Sometimes 
the problem Is as simple as vibration of an 
electrical generator system's exhaust pipe. 
Flashed curbs will usually have either a 
bellows or a short horizontal run. 

Mecbanlal Equipment A penthouse 
Is a much better place for mechanical 
equipment than on the roof. The additional 
cost of a penthouse becomes a minor factor 
when you consider the following: energy 
loss/gain via poorly Insulated housing and 
ducts and loss of conditioned air through 
access doors. damage done to the roof by 
persons working on the equipment. lack of 
preventive maintenance on units during 
inclement weather. problems created by 
screening fences. junk left on the roof after 
equipment repair. ad Infinitum. 

If after this admonishment you still want 
rooftop units. then make sure they are 
mounted on proper curbs. Since the deck 
may be sloped, plan to level the unit so that 
the condensate pan may drain onto the 
roof. not Into the ducts. Plan on buying the 
highest quality units available. which 
means they will have tops with standing 
seam Joints sloped to prevent standing 
water: hinged access doors and replaceable 
gaskets: insulation at least as good as the 
rest of the building: and louvers on the air 
Intake to prevent Ingestion of rain. The 
curb will have a two-piece counterflashing 
installed so that the base flashing can be 
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repaired In the future without raising the 
unit. The gas pipe's drip leg will be several 
inches above the roof surface. 

Sbeet M etal All sheet metal material 
such as coping covers and counterflashings 
should be designed for easy removal without 
Interfering with the operation of anything. 
This Includes large skylights and HV AC 
units. No conduit or piping should be 
attached to coping covers. Where conduit 
runs along the perimeter of the building for 
security lighting. both the lamps and the 
conduit must be mounted on the wall, not 
the coping cover. Where pipes cross over 
flashings or wall tops. there should be 
sufftdent clearance to permit removal of the 
metal without disturbing the pipes. Where 
HVAC ducts are placed on the roof. one 
must be careful to design the terminations 
of the ducts such that water will not be able 
to run down a sloped section of duct and 
stand against a Joint going Into a wall or a 
unit. 

Particular attention should be given to 
the canvas vibration Isolation boots as to 
their protection from hail damage and 
replacement when they fall of old age. 
Where ducts run for fifteen to twenty feet 
across a roof. one should ask why there Is 
not a better solution. Long runs Interfere 
with personnel attempting roof Inspection. 
Wide ducts must include Interior structural 
support for snow loads. even In Florida. 
Where coping covers and counterflashings 
do not dose on themselves. Isometric 
drawings should illustrate how the metal Is 
to terminate or make the transition from 
one method to another. This Is not a matter 
to be left to the field creativity of the sheet 
metal Installer. 

"Don't FJtsH This colloquial term 
applies to situations such as where three 
walls of different width and helghth inter
sect at slightly different points. There is 
virtually no way for the coping cover to be 
Installed so that a proper seal can be main
tained. Walls that have mixed use of block, 
brick, or precast concrete are prime culprits. 

CJullc Someone has said that the most 
dangerous phrase In an architect's vocabu
lary Is "caulk as necessary." Caulking should 
be reserved for sealing Joints In vertical 
surfaces between relatively stable compo
nents of the building. It should not be used 
where slgntftcant water will stand or regu
larly run across the joint. All caulking 
systems should carefully observe the 
vendor's requirements for backer rods and 
avoidance of excessive contact area. 

Unusual Accessories Items such as 
radio or satellite antennas. solar panels. and 
weather Instruments often must be located 
on the roof In spite of a designer's best 
efforts to keep the roof dear. The wind
induced vibrations and the associated 
piping and maintenance traffic are two 
problems that must be addressed. Proper 
curbs will usually avoid problems. Antennas 
should not be attached to sewer vent pipes. 
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Structural Co1ulderatlons One Is 
often tempted to hang interior accessories 
from the roof deck to avoid designing 
spectflc alternatives. This has two potential 
problems: the weight may create localized 
ponding problems and the deck may become 
damaged and need replacement. It ls far 
safer to specify that all HV AC boxes and 
ducts, light fixtures and conduit, and grid 
ceilings be hung directly from the structural 
members. This will permit the structural 
engineer to better define the true loading 
on roof beams. In remedial design situations 
the designer must be aware of asbestos 
potential in the insulation sprayed on 
structural members for fire protection. 

Unique System Considerations My 
comments thus far have been basic and 
generally relevent to all types of membrane 
systems. But there are considerations 
specific to certain systems. The sprayed 
urethane foam roof system Is somewhat of 
a misnomer as the foam ls not the roof but 
only the Insulation: the coating ls the 
waterproofing layer. Therefore. careful 
attention must be paid to selection of the 
coating. 

Next. sprayed foam roofs are often 
advertised as "self.flashing" since the foam 
can be built up easily around penetrations. 
While this ls a valid advantage. these 
systems are not "self-counterflashlng" and 
need to have the exposed top edge of the 
foam protected by a normal counterflashlng 
that will shed water over the edge should It 
begin to come loose. 

Next. there are some mechanically 
attached single-ply membrane systems that 
warrant careful evaluation. Some penetrate 
the membrane with screws for attachment 
and seal the hole with a caulk. Others use a 
metal channel or other device below the 
membrane to secure the sheet without 
actually penetrating the membrane. One 
must evaluate the potential for these fasten
ers to damage the membrane or to come 
loose along with the long-term avaJlability 
of replacement parts. Single-ply membranes 
typically have unique procedures for sealing 
the membrane at penetrations or where It 
attaches to a perimeter edge. 

Finally. the inverted roof system. in 
which the Insulation layer Is placed on top 
of the membrane. ls really more like a 
below-grade waterproofing system than a 
traditional roof. This system is extremely 
difficult to maintain: basically. It must be 
done right the first time around. The 
substrate should be very stable. such as 
with reinforced cast-in-place concrete. to 
reduce the risk of damage from building 
movement. 

Acce11 
The third aspect of the maintainable roof 

concept Is that the roof and Its components 
must be easily accessible for inspection 
while at he same time controlling unau
thorized access. 

People Access A roof ls not a play
ground. a sundeck, a greenhouse. a solar 
experiment station. or a storage site. It Is 
the second most important part of the 
building. after the foundation. namely for 
Its weather protection. It should be used 
only for that purpose. It does. however. 
need easy access for regular inspection or 
such Inspection will be neither regular nor 
frequent. Walkout access from the extension 
of a stairwell ls usually best. although 
access from a penthouse is also good. If the 
penthouse has equipment that must be 
regularly replaced. such as. air filters , then 
the freight elevator should extend into the 
penthouse. If the roof Is large. there should 
be multiple access points at opposite ends 
to avoid unnecessary backtracking. Scuttle 
hatches are intended to be oriented only 
one way relative to the ladder. A void 
hatches that go through custodial closets. 
which oftentimes are Jammed with storage. 

Ladders Where there are multiple 
levels there should be ladders between all 
levels. even if there are separate access 
points. One should be able to reach all areas 
of the roof with one access point: If not. the 
roof will not get the inspection It needs. 
Ladders should be mounted only to the 
wall. never tied into the roof at the top. 
Where the ladder goes over a wall there 
should be steps on the top side if the wall ls 
over 18 inches high. The lower ends of 
ladders need careful attention to assure that 
they will not interfere with the base and 
counterflashing on the wall. 

Doors The door must be high enough 
to permit the wall counterflashlng to run 
under the sill without changing style or 
elevation. There should also be protection 
for the base fl.ashing as this ls an easily 
damaged point. A removable step bolted to 
the wall ls often a useful solution. 

Walkways The problems associated 
with walkways can generate an argument 
in most roofing groups. Asphaltic pad 
walkways cause almost as many problems 
as they eliminate. Wooden duckboards are 
a poor choice: if they do not damage the 
roof under them. they end up as a safety 
hazard once the boards rot and break. The 
solution to this matter starts with careful 
examination of the need for walkways in 
the first place. Why is frequent roof foot 
traffic needed? If traffic ls infrequent it may 
be better not to install walkways at all. If 
traffic Is frequent. and particularly if con
centrated along certain routes. then raised 
walkways made from metal or fiberglass 
grating mounted on flashed curbs will 
provide better protection for the roof. For 
small high traffic sites. such as at 
the bottom of a ladder, heavy rubber pads 
laid loose on any type of membrane can be 
useful. 

Working Access Access around equip
ment has been briefly discussed. It truly 
comes down to common sense: whatever 

cannot be reached easily for future lnspec· 
tlon and repair will be neglected. Neglect 
kills more roofs than haJlstorms. bad 
design. wet materials, and poor workman
ship combined. The easiest way to think of 
proper access Is to consider how the roof. 
which ls the absolute last item. will be 
installed on the building. This will be the 
case ten to twenty years later when a new 
roof Is needed. A good way to enforce this 
concept Is to use a temporary roof during 
construction and Indeed Install the actual 
roof last. 

Inspection Access Access for Inspec
tion from above has already been addressed, 
but access for Inspection from below ls a 
concept often overlooked. The structural 
frame of the building must be protected 
from the heat of a fire to provide approxi
mately two hours for control of the fire 
before the frame will be damaged to the 
point that structural deformation will occur. 
This may be accomplished by spraying any 
exposed steel beams or columns with an 
insulation material. Spraying a metal deck 
Is often not required but there will always 
be a certain amount of overspray anyway. 
This material can absorb considerable water 
before a drip begins. Unfortunately. the 
water in the spray process often causes 
some rust staJning. which can be difficult to 
distinguish from new leaks. 

A second method Is to install a fire-rated 
celling, usually off gypsum board. directly 
below the structural steel However. this 
prevents direct observation of the underside 
of the metal deck and seriously interferes 
with an inspection. A further problem ls 
that sections damaged by leaks are rarely 
replaced so that the fire rating is destroyed. 
This approach Is the less desirable of the 
two. 

A third problem area occurs when a fixed 
plaster celling ls used instead of a grid 
ceiling with removable panels. or when the 
panels in the latter interlock to the point 
that they must be destroyed to be removed. 
These ceilings generally form the bottom of 
an HV AC plenum. Any such fixed ceilings 
should have access doors. fire rated if 
necessary. placed regularly in easily access
ible hallways to permit observation of the 
bottom of the roof deck. 

High Interior Humidity This design 
concept does not properly flt under any of 
the above categories but Is sufficiently 
important to warrant serious design atten
tion. It Is well known that spaces with high 
humidity. such as swimming pools. locker 
rooms. process areas. and cold storage 
rooms. may have problems with condensa
tion in the insulation layer. The traditional 
solution has been to install a vapor retarder. 
sometimes incorrectly called a vapor barrie(. 
between the space and the insulation. This 
does not address the problem of condensa
tion on a metal deck due to inadequate 
thermal insulation. which can arise from a 
variety of causes. some not related to the 



roof. This problem Is included as a main
tainable roof problem since one does not 
want the metal deck to rust out &om 
below. A bette.r design alternative Is to 
Intentionally keep such spaces away &om 
the exterior surfaces of the building by 
surrounding them with spaces of normal 
occupancy that have normal HVAC air 
movement. If cost Is a serious problem. 
these spaces need not be firushed and thus 
can be assigned for storage use. 

WorJmurubJp The last design concept 
recognizes that regardless of the type of 
roof system used, a certain portion must be 
constructed on-site under conditions that 
may be less than desirable. Further. there 
are no licensing requirements for roofing or 
metal tradespe.rsons and no elaborate 
national codes upon which to rely. There
fore, there will be problems Installing the 
best of roofs. Nothing ls idiot proof: how
ever, the designer has a responsibility to 
recognize that roofing ls a difficult trade 
and that the system should tolerate minor 
worksmanshlp problems. 

Redundancy has long been a technique 
for avoiding workmanship problems. This 
ls one of the reasons for the continued use 
of the built-up roof, but It applies to other 
systems as well The modified bitumen 
systems that have a two-ply membrane 
beneath the top sheet have redundancy. 
When applying a liquid membrane, multiple 
applications will avoid thin spots. A useful 
techruque Is to make the fust coat red. the 
second coat black. and the last coat a third 
color. Covering the contrasting colors forces 
a certain amount of redundancy and, as an 
added benefit. Indicates when It Is time to 
consider recoattng. 

Auhlte1U1Jce Serv1ce11 Finally. the 
design process must consider how the roof 
will actually be maintained. The traditional 
built-up roof has many different materials 
available and many persons trained to do 
repair. The newer roofs, be they single-ply 
membranes or Ii.quid applied. require mate
rials, and to some extent. tools, that are not 
readlly available. lo addition, some of the 
materials have a 11mited shelf life. Thus, one 
should consider the availability of mainte
nance services. There are few restrictions lf 
the roof will be In a major dty with a 
variety of contractors. However. lf the 
building ls In a small town. It may be better 
to stick with the bituminous oriented 
products. either BUR or modified. since 
they are more easily maintained. 

Another consideration ls how tolerant 
the system ls of neglect. The sprayed 
urethane foam roof ls dependent upon 
having the coating lot.act to protect the 
foam &om ultraviolet radiation. The foam 
will break down quickly lf damaged areas 
are not repaired promptly. It would not be a 
good choice for a building owner with a 
poor maintenance program and no Intention 
of changing It. Another major consideration 
ls how one will locate leaks that un-

SPRING/SUMMER. 1985 FACTLITIES MANAGER 17 

doubtedly will occur In the life of the roof. 
Rock ballasted roofs render most moisture 
surveys either difficult. expensive. or 
invalid. Paver ballasted membranes using 
pavers heavy enough to permit only 50 
percent coverage. while retaining adequate 
total weight. will permit mois ture surveys 
and the membrane can be exposed more eas
ily. 

The Prof e1111JonM Pe11111m.l6t This Is 
simply the designer playing the devtl's 
advocate. No one Intentionally designs a 
roof to fail. but It might. Simply standing 
back and asking a few "what If' questions 
can save considerable grief later. 

Construction Concepts 

Sy11tem De11lgn The roof ls a collection 
of many different Items that must be 
considered as a total system. If the designer 
Intends to let the HVAC vendors bid their 
choice of a roof-top urut. then provisions 
must be made to adjust the sl.ze of curbs to 
fit. The designer must dectde just how 
much substitution to permit and how It will 
be accommodated. There Is such difference 
between a built-up roof and a single-ply 
roof that one or the other should be selected 
during the design phase. U not. the architect 
must give careful consideration to all rele
vant drawings and specifications to the 
extent that complete alternate sets may be 
required. 

Conference Once the contractor(s) has 
been selected. the spectflcattons for roofing. 
plumblng. decktng. sheet-metal. and electrl· 
cal should be reviewed with the architect, 
appropriate consulting designers. general 
contractor. all subcontractors (even those 
not assoctated with the roof Itself). and 
material suppliers. At the same time. review 
the sequence of events leading to roof 
Installation including all the accessories 
that must be Installed prior to roof work. 
Confum In writing that all parties under
stand and accept the drawings and spedfi
catlons as a complete system. Be sure that 
all parties understand the sequence of 
events and the need for protection of all 
completed components. 

Confum all requirements for deli.very and 
storage of materials. includtng certification 
from vendors of material quality. Acknowl
edge unusual deck load restrictions. Resolve 
any ambiguity over alternatives. Confirm lo 
writing the procedures for reviewing shop 
drawings. Define scheduling alternatives In 
the event that critical materials are not 
available when scheduled for delivery. 

Scbedule11 Whenever the construction 
schedule meets with unacceptable weather. 
consider the use of a temporary roof. which 
should also be considered lf roof Installation 
cannot be the last phase In the sequence of 
construction tasks. Any heavy equipment 
for setting should be installed. recognizing 
that the construction crane will not be 
available for future repair work. 

Crothall American has used its 40 years 
of facilities management experience to 
develop a lreestanding, microcomputer 
based PREVENTIVE MAINTENANCE 
MANAGEMENT SYSTEM that is cus
tomized to meet the unique needs ol 
your facility. The system will be deliv
ered to you with all the data preloaded 
and "READY TO GO" in your own 
IBM/PC microcomputer. 
Our Systems ofler MEASURABLE 
BENEFITS 
• LOWER ENERGY COSTS through 

better equipment maintenance. 
• EXTENDED LIFE OF CAPITAL 

EQUIPMENT (less failures, less re
placement) 

• STREAMLINED STAFFING (reduced 
maintenance tin-e) 

• REDUCTION OF COSTLY, unsched
uled equipment failures 

• LOWER INVENTORY LEVELS of P/M 
parts and supplies 

Although this is a "TURN KEY" System 
designed for the user with little or no 
computer experience. you should know 
that after installation we will continue to 
provide you with back up support. 
Also, to ensure against accidental loss 
of your records. reports, or programs. 
we will continue to retain multiple 
copies of your computer's contents in 
our files. 

For more information or a demot'l 
stration at your location, call us or 
write: 

Crothall American Inc. 
200 Stockton Building 
University Office Plaza 
Newark, Delaware 19702 
(800) 44 1-9754 • (302) 738-9500 
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EzJstlDg BulldJJJgs If the roofing 
project Involves working around an existing 
building. whether the building Is occupied 
or not, certain additional precautions must 
be taken to protect the building. Its tenants. 
the contents. and the surrounding area. 
Define what areas can be used by the 
contractor for storage and particularly 
where a kettle. If required. will be located. 
Define fire safety requirements and include 
a review by a fire department representative. 

Specify how removed material will be 
disposed of and how often. Protect the 
building and surrounding areas from damage 
from materials such as bitumen or sprayed 
foam. Define the procedures to be used In 
removing an old membrane that will open 
the building to water entry. Common sense 
says that only what can be dosed In one 
day should be opened, but areas with a 
tendency toward rapid development of 
summer thunderstorms may need closer 
coordination and control 

Quality Control Deterrnlnlng the 
criteria for acceptance of the roof deck for 
Installation of the roof. Define what are 
unacceptable weather conditions for instal
lation of roofing components. De.fine what 
quallty control measures must be taken by 
the roofing contractor or owner. The concept 
of full-time, on-site Inspection by the 
owner's representative Is more valuable 
than all the bonds and warranties In the 
world. It Is far better to detect and correct 
workmanship problems whlle the roof Is 
being Installed than to find and argue about 
them once everything Is completed. 

Materials Protection Store all roofing 
materials that may be damaged by weather 
exposure inside trailer vans or acceptable 
on-site temporary sheds. Perrott the con
tractor to bring to the roof only those 
materials that can be used In that day's 
work. Define what mechanical devices are 
acceptable or necessary for the removal of 
old roofing. t ransport of materials. and 
installation of new materials. 

Procedures De.fine which working. 
safety. and housekeeping procedures will 
be required or unaccep table. If you want the 
contractor to remove gravel from the wheels 
of hls equipment to avoid puncturing the 
membrane. then spell It out. If you want 
mechanical fel t layers rather than hand 
mopping. spell it out. If you wan t sandbags 
for temporary ballast of sheet membranes 
rather than old car tires. spell It out. 

Water cutoffs should be Installed at the 
end of every working day. unless the Job Is 
In the desert during the dry season and 
then only If the owner accepts responsibility 
for the risk In exchange for lower costs. 
When the sheet metal will be Installed by a 
contractor different from the roofing con
tractor. define how the roof system will be 
protected from water entry should the 
counterflashlngs and coping covers. etc.. 
not be installed Immediately after roof In
stallation. 

Acceptmce Define what constitutes 
acceptance of the roof system. both for 
Intermediate payment and final acceptance. 
The roofing contractor should not be placed 
In the double Jeopardy of waiting after his 
work Is completed until other trades have 
the opportunity to ruin the roof before 
being paid. Continuous Inspection ts the 
best guarantee that the work was done 
properly. A nondestructive moisture survey 
can be conducted after the completion of 
the roof to deterrnlne If leaks exist. Define 
what tests cuts will be taken, how they will 
be tested. and what the consequences are of 
non-compllance. 

Warrmty De.fine when the warranty. If 
any. begins. what procedures are to be 
followed In the event problems develop, 
and what records must be kept. De.dde 
what hazards are not the responsibility of 
the roofing contractor. such as damage by 
other trades. Discuss what dispute resolu
tion procedure will be used In the event 
problems develop that cannot be resolved. 
Especially define where the contractor's 
warranty ends and the manufacturer's long
term materials warranty begins. along with 
what party assumes responsibility In the 
event of finandal failure of a contractor. 
De.fine what party must Inspect the roof to 
activate the manufacturer's warranty. 

Procurement Finally. a good roofing 
system Is most achievable under conditions 
of mutual trust. confidence, and cooperation. 
The competitive bidding process for selec
tion of a contractor Is one of the more 
Important components of the building. If a 
contractor Intentionally bids low and plans 
to make up the difference In change orders. 
obtaining a good roofing system Is going to 
be a paJrlful experience for all concerned. at 
best. Where there Is an alternative between 
competitive bidding and negotiated selec
tion. the latter should be given serious con
sideration. 

Management and Maintenance 
Concepts 

Regular Inspection The key to satis
factory service of a roof system once In
stalled Is to catch problems before they 
become serious. Frequency of Inspection 
depends somewhat on the level of abuse of 
the roof. Any roof should be Inspected 
twice a year and after any significant wea
ther event. such as a hailstorm or wind 
storm. Much useful Information can be 
gained by going onto roofs Immediately 
after a raln. 

Tenmt Improvements Installation of 
additional HV AC units. lights. and antennas 
by tenants leads to a multitude of problems 
ranging from simple water entry to structure 
overload. All persons responsible for real 
property must establish careful procedures 
to control installation of such accessories. 
Often an owner Is not aware that a tenant 
Improvement ruined hls roof until after the 

responsible party has moved on. 
Act Promptly Do not Ignore leaks, 

they are your only warning that serious 
damage Is being done to your building. 
Establlsh a definite system by which on-site 
custodlal or other maintenance persons will 
keep a simple log of when and where leaks 
were observed. regardless of how small. 
and what happened after they were re
paired. 

Remedul Roofing Even the best roofs 
will devel.op problems sometime during 
thelr llfe cycle. The goal of the maintainable 
roof concept ts to mlnlrnlze damage. This 
means that problems should be detected 
before large amounts of the roof system are 
damaged. One should not be making 
wholesale replacements of roofs except 
when they fall from old age. Remedlal 
roofing Is different from simple patching or 
repair. Patching Is only the temporary 
stoppage of the water entry; repair goes 
further to ellmtnate what caused the prob
lem. True remedial roofing includes removal 
of all damaged materials. replacement by 
new materials. Installation of a locallzed 
new membrane, and addition of any new 
measures to make the area more maintaina
ble. This may Involve Improvement of 
drainage. installation of better counte.rflash
lngs. etc .. as previously described. 

Comprehensive Roof Inspection There 
are many dlffereot components to a roof 
Inspection and each must contribute Infor
mation regarding the condition of the roof. 
Visual Inspection Is the traditional method. 
The more recently available nondestructive 
moisture surveys provide invaluable Infor
mation as to the location and extent of wet 
Insulation. something that s.lrnply cannot 
be deterrnlned visually. Comprehensive 
Inspection Is not necessary every year or for 
every llttle leak. However. If one Is making 
repeated patches to stop a leak without 
success. It Is entirely probable that the true 
problem Is not being addressed. This Is the 
time for a comprehensive roof Inspection, 
particularly If a roof has a history of prob
lems and Its replacement ts being con
templated. Never replace a roof until you 
know why it failed. This seems rather 
obvious but Its disregard has led to the 
unnecessary replacement of many pe.rfectly 
good roofs when the true problem lay 
elsewhere. 

Summary 
There Is nothing inherently wrong with 

any current type of roof system. so long as 
It Is designed spedflcally for the building 
where It will be used and can accommodate 
the normal problems of workmanship and 
the need for ongoing maintenance that any 
building will encounter. Proper design and 
construction observation are more llkely to 
provide satisfactory long-term performance 
than Is any warranty. Finally. there Is 
nothing llke an Injection of common sense 
to make roofs last longer. ■ 
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Personal Computer Based 
Maintenance Prediction Model 

by Edgar S. Neely, Jr. 
and Robert D. Neathammer 

Introduction 

The U.S. Army Construction Engineering 
Research Laboratory (USA-CERL) Is de

veloping a personal computer based facility 
maintenance prediction model for the 
Department of the Army. Thls simulation 
model will predlct the actual activities over 
any spectfied ten-year planning period and 
calculate all labor. equipment. material. and 
dollar resources required to support the 
maintenance plan. Thls simulation model 
will be used throughout the world to 
develop the Army long-range plannlng 
program for facility maintenance. but It can 
also be app!Jed to nongovernmental organi
zations for maintenance plannlng. Univer
sity and Army facilities are both composed 
of classrooms. laboratories. dormitories. 
roads. grounds. and utJ!Jttes. Since the 
construction components are also simllar. 
the data can be dtrectly app!Jed to university 
resource predlctton. 

The objectives of thls research are to: 
lJ clarify terminology between all Army 
elements and develop one standard set of 
definitions for the Army. 2) document the 
state of the art in maintenance predlctton 
within the Unlted States. 3) develop short
term improvements to current predlctton 
methods. 4) develop a new model that 
would unlformly address predlctions in the 
planning. design. and maintenance phases 
of facility development. and 5) produce 
meaningful information for installation 
maintainers. 

Our approach has been to identify the 
state of the art in government. private 

Edgar S. Neely. Jr. Is dvil engineer and Robert D. 
Neatbdmmer ts stiJlf statistician at the Construc
tion Engineering Research Laboratory of the U.S. 
Army. Champaign. Illinois. 

Industry. and unlversltles: visit installations 
worldwide to determine actual needs and 
current condlttons of facilities: develop 
alternative models for further study: develop 
a standard computer system to simulate 
maintenance procedures: test the computer 
system at selected installations: refine the 
computer system: and Lrnplement It 
worldwide. 

Current Forecasting Methods 
Forecasting an accurate ten-year facility 

maintenance resource plan for the Army Is 
extremely dlfflcult. The Installation mainte
nance personnel develop the flrst year's 
resource estlrnate based upon the current 
lnhouse work force and expected contract 
work. The forecasting method assumes that 
the remaining nine years' maintenance 
requirements will remain constant except 
for inflation. and that the cost of previously 
required but not performed maintenance 
will Increase 3 percent per year. During the 
last ten years thls forecasting method has 
proven to be acceptable for determlning 
budget year requirements but Is not accurate 
for long-term planning. 

Conclusions and recommendations of 
studles and audlt reports during the last 
decade have repeatedly expressed the need 
for management to Improve forecasting 
methods. Improvements have been slow 
because of dlfflculty In developing relation
ships between facillty characteristics and 
resource requirements. lack of maintenance 
standards. Inconsistent calculation methods 
and definitions. and lack of life cycle cost 
data for indlvidual facility components. 

Maintenance resource estimates are 
normally prepared during the planning. 
design. and maintenance phases. During 
the plannlng phase management must 

forecast the planned facilities maintenance 
requirements. If existing facilities are being 
replaced. thelr current maintenance re
sources must be determined also. During 
design. costs of construction plus twenty
five-year maintenance costs for each facility 
component must be considered. Finally. 
during the maintenance phase the mainte
nance manager annually calculates the 
resources required to keep each facility in 
an acceptable condltton. At present most 
organizations apply a different forecasting 
method In each of the three periods: there
fore. the forecasts are not compatible. 

The Army's budgeting system provides 
funds annually and requires all funds to be 
expended during that year. The Army does 
not apply the sinking fund account concept 
often used for maintenance funding. There
fore. It is extremely Lrnportant that manage
ment be able to predlct exactly what re• 
sources will be required for each year. 

During the past few years approxlmately 
55 percent of Army maintenance resources 
have been spent on buildings, 11 percent on 
heating. ventilating. and alr condlttoning 
(HV AC) plants: 6 percent on lrnproved 
grounds: 5 percent on roads: and 4 percent 
on water and sewage treatment plants. The 
remaining 19 percent ts composed of facility 
types that require a smaller resource per
centage. 

Current Research Program 
The approach taken in thls research 

program has been to: 1) determine the state 
of the art in maintenance resource forecast
ing, 2) identify actual Army forecasting 
requirements. 3) propose alternative fore
casting prediction models for review and 
comparison. 4) Lrnplement the most prornls
ing models. 5) test the models on family 
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housing facilities. 6) evaluate the test 
results and suggest improvements. 7) refine 
the models based upon the test evaluation. 
and 8) Implement the system worldwide 
and monitor usage. The first four of the 
above activities have been completed and 
work Is continuing on the fifth activity. 

A steering committee was formed to 
direct this research effort and Is composed 
of one management representative each 
from six Installations. four major commands. 
Corps of Engineers Headquarters. and each 
of the other offices Involved In the Army 
resource programming review and approval 
cycle. In order to coordinate this research 
within the Department of Defense. repre
sentatives of the Navy and Air Force are ex
offido steering committee members. The 
steering committee directs. reviews. and 
approves all research efforts. 

State of the Art 

The actual state of the art Is extremely 
difficult to Identify. Published literature 

contains very little maintenance oriented 
material and a limited number of national 
organizations disseminate maintenance 
information. Most information must be 
obtained from personnel contacts with each 
organization involved with forecasting 
maintenance requirements. 

More than thirty-six organizations 
contributed Information. Including govern
ment agencies. universities and colleges. 
maintenance associations. private com
panies operating large complexes. and 
management consulting firms. The results 
showed that most prediction methods were 
manual. not computerized; computer sys
tems were used primarily for scheduling 
preventive maintenance. 

Most organizations separated mainte
nance Into two categories: maintenance. 
defined as all maintenance activities below 
a subjective cost limit; and repair. defined 
as all maintenance activities costing more 
than the subjective cost limit. Maintenance 
is usually determined by taking the previous 
year's expenditures and projecting the next 
year's requirements (historical projection). 
Repair Is determined by Inspection of the 
facilities and projects defined for each 
fadlity. 

The most detailed study Identified was 
performed by Stanford University. Stanford 
developed a facility component model to 
predict the resource requirements for each 
fadlity. Individual fadlity requirements 
over the life of the facility showed large 
peaks and valleys. When all fadlities were 
combined. the shape of the total resource 
requirement curve was similar to a mountain 
range with several peaks and valleys. 

Army Requirements 
Six Installations In the United States and 

four In Germany were visited to determine 
current forecasting methods. historic data 
available (and its relative accuracy), and 

actual forecasting needs of the Installations. 
Most Installations are only perform.Ing 
maintenance predictions for one or two 
years, but a few are applying manual five
year forecasting plans. Historical data on 
Individual fadlities Is Incomplete. As much 
as 50 percent of the total resources are 
related to contract work that is usually not 
entered Into the computer system against 
the appropriate individual fadlity. All 
Installations made two emphatic state
ments. however. First, In order to provide 
meaningful Information. the forecasting 
models must relate to the actual fadlities on 
the Installation: if not. the Installation 
would have no Incentive to enter accurate 
data Into the model Second, the Installation 
Is understaffed and cannot enter large 
amounts of data Into a new computer 
system; therefore, It must have only minimal 
operational requirements. 

Alternative Prediction Models 
Six models were developed, and a short 

description of each follows. 
Model 1: Continuation of the Current 

Method This method was not acceptable 
to the steering committee since It did not 
relate to the actual condition of the fadlities 
at the installation. 

Model 2: Hlstortcal Funding This 
method uses previous year's expenditures 
as reported by sixteen Army Management 
System (AMS) codes. The expenditures are 
Increased by an Inflation percentage to 
forecast the future. The AMS codes provide 
funding data only for large groups of factli
tles such as family housing or unaccom
panied personnel fadlities. This model was 
not acceptable to the steering committee 
because it was based upon the funding 
provided in the past and not on the require
ments of the actual fadlities. This method 
only perpetuates the status quo in which 
some Installations have been underfunded 
and others overfunded. 

Model 3: Installation Developed Manual 
Five-Year Plan The Installation would be 
required to develop a manual five-year plan 
based upon the knowledge of Installation 
personnel. This model was not acceptable 
due to the large amount of human resources 
required to develop the plan. Several Instal
lations are currently doing this but the 
majority are not Interested In expending 
resources In this manner. 

Model 4: ApplJcation of the Bmtlng 
Integrated Fadlltles System {IFS) IFS is 
the current computer system used at the 
Installation to keep track of Individual 
facility information. This model was not 
acceptable because the level of component 
detail Is not suffident to adequately describe 
the fadlity. and most Installations are not 
updating the component Information 
within the system. 

Model 5: ApplJcation of an Bzpanded 
Integrated FadlJties System-Redesign 
This would require that the IFS be rede-

signed to contain all required component 
Information and/or personal computers be 
used to perform the forecasting and Inter
faced Into IFS for data transfer. This was 
the selected model because it was based 
upon the actual factlity requirements at the 
Installation. All steering committee mem
bers were concerned about the labor hours 
required to operate such a system. The 
research must document the resources 
required to operate and maintain such a 
system before the steering committee will 
recommend worldwide implementation of 
this model. 

Model 6: Flzed Percentage of the Cur
rent Replacement Cost This model was 
not acceptable because all research to date 
by other organizations pointed to the 
conclusion that the resources required by a 
facility are not constant every year. The 
results of the current research program will 
prove or disprove this assumption for the 
Army. 

Model Implementation 

Model implementation has been divided 
Into maintenance activity resource 

development. computer system develop
ment. and housing research. 

Maintenance Activity Re.11ource 
Development 

Resources required to perform building. 
HV AC plants. improved grounds. water/sew
age treatment plants. and road facility 
maintenance activities are currently being 
developed. The labor required to perform 
approximately 60 percent of all maintenance 
activities has been previously determined 
and published In a series of documents 
known as Engineered Performance Stan
dards. 

Maintenance of HVAC equipment Is a 
function of operating hours and tempera
ture. The United States has been divided 
into ten climate zones and annual mainte
nance requirements have been changed for 
each zone. 

Maintenance resources Include four 
groups: direct resources. Indirect resources. 
travel time, and administrative resources. 

Direct Resources Labor. materials. and 
equipment resources are being developed to 
represent the normal or standard mainte
nance required by a fadlity component. In 
order to keep the resource data base as 
small as possible the material monetary 
resources have been converted into an 
equivalent labor hour representation. 
Adjustment factors are being developed to 
address such Items as the type of occupant. 
length of stay of occupant. adverse weather 
conditions, and design/construction tech
niques. 

Indirect Resources Four types of 
indirect resources are related to labor: First. 
delay allowance. which covers all types of 

Contlnuedonpage2J 
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delays and personal time. Second. craft time 
delay allowance, which includes delays 
such as interference with the occupant and/ 
or other trades. Third, Job preparation. 
which covers receiving Job assignments. 
instructions, planning work. and laying ouU 
pick.log up tools. Fourth. material handllng, 
which covers moving matertals from site to 
task work area. All of these Items can be 
expressed as a percentage of the direct craft 
labor and combined into one figure. For 
example. 30 percent for all building trades 
except boilerwork. and 40 percent for boiler
work. 

Travel Time Travel time from shop to 
site varies from ten minutes to more than 
an hour and may be as labor intensive as 
performing the activity Itself. The actual 
travel time to each groqp of facilities will be 
used in the model 

Administrative Resources Such re
sources vary greatly from installation to 
installation and are usually expressed as a 
percentage of direct labor. The actual rates 
for each craft at an installation will be 
applied in the model 

Computer System Development 
Three existing computer systems require 

Interface actions In order to implement the 
Army maintenance data base. In the 
planning phase the existing system Is 
known as the DO1391 Processor: a small 
set of interface programs Is required to 
Incorporate the new data base. In the 
design phase the existing system ls known 
as the Computer Aided Cost Estimating 
System. Jo the operations and maintenance 
phase the existing system ls known as the 
Integrated Facilities System (IFS). The 
remainder of this section describes the 
major software development for the mainte
nance phase. 

The research computer software to 
support the prediction model Is written for 
any IBM PC compatible computer. This 
system ls currently a resident on an IBM PC 
XT. IBM PC AT, and COMPAQ-PLUS and ls 
composed of three basic subsystems. 

Department of the Army Functions 
This subsystem includes the development 
and maintenance of the basic data needed 
by each installation to perform resource 
forecasts. The data includes the Army 
organization chart. facility codes and classi
fication categories (F4C). componenUtask 
resource tables. standard travel zone times. 
standard task performance methods. federal 
wage grade rates, and standard trades in 
shops table. These data are currently under 
development by USA-cERL and will be sent 
from the Department of the Army to each 
Major Command (MACOM). The MACOMS 
will review, adjust. and approve the data 
and send It to the installations. who will 
then load the data into their computers for 
use ln processing. 
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Installation Functions The first func
tion for each installation ls to define their 
actual management procedures within the 
computer. This includes definition of 
additional travel times. actual methods 
used to perform work tasks (l.e .. contractor. 
lnhouse. troop. occupant). contractor/gov
ernment labor and equipment rates. and 
shop composition. 

The second function ls to describe the 
facilities being maintained. The installation 
Is divided into management areas. The 
facilities within each area are combined by 
similar floor plans. construction. and wea
ther conditions. One facility from each 
group Is selected as Its typical facility. The 
facility compone.nts are entered into the 
model. The component definition detail 

facility component quantity takeoff. The 
components will be entered into the predic
tion model and a resource prediction will be 
made for fiscal years 1974-83. The resource 
predictions will be compared to the actual 
expenditures and the backlog of mainte
nance that remains to be performed. Com
parisons will be made for slmilar housing 
constructed the same year at different 
installations. Generalized component. 
system, and facility resources will be calcu
lated based upon the composition of the 
actual facilities. 

The family housing at the ten installations 
adequately represents the majority of 
family housing constructed in the Army 
since World War II. A number of the instal
lations have a few facilities that were 

"[The historical funding method] only 
perpetuates the status quo in which some 
installations have been underfunded and 
others overfunded." 

level Is governed by the installation. Factors 
such as occupant type and length of occu
pancy are entered to complete the facility 
group definition. 

The third function Is to calculate and 
review facility resources. The data base can 
be kept updated to reflect the most impor
tant dates related to the maintenance of the 
facility. such as the last roof replacement 
date. If the Installation uses the model at 
the detailed component level a number of 
current manual functions could be per
formed wtthi.n the computer includl.ng such 
Items as interior-exterior pai.nt schedules 
and floor covering schedules. 

The fourth function ls to prepare sum
mary resource reports for higher authority 
review and approval 

Review and Approval Functions In
stallation resource summaries are to be sent 
to MACOM for review. approval. and 
combination into a MACOM summary. 
MACOM and installation data are then sent 
to the Department of the Army for review 
and approval 

Housing Research 

The model will be first tested using 
family and unaccompanied personnel 

(similar to college dorms) housing facilities 
at the ten test installations. Each Installation 
will segment housing into groups of simi
larly constructed facilities (I.e .. two-bedroom 
officers quarters constructed in 1960). The 
as-built drawings for one typical facility in 
each group will be used to generate a 

constructed before World War II that must 
be handled on an individual basis. 

The model will be taken to each test 
Installation for a tralnl.ng and testing period. 
A portable COMPAQ-PLUS computer will 
be used during this period. Each installation 
will apply the system to the family housing 
facilities and generate a forecast for fiscal 
years 1985- 94. The installation will evaluate 
the system's effectiveness before the next 
steering committee meeting. 

Bvalu~tlon 
Upon completion of all installation 

testing, the steering committee will meet to 
evaluate the model and to provide further 
direction towards the systems fielding. 

Summary 
The research for the first facility category 

codes Is scheduled for completion in August 
1985. If the result of this research Is accept
able to the steering commitee. funds will be 
provided to perform research on the re
maining facility category codes. 

The maintenance resource prediction 
model ls not lJmited to Army applications. 
This system can be used by any federal, 
state. or local government agency. college or 
university, or any private company to 
develop accurate resource forecasts. 

The USA-CERL does not want to duplicate 
research that has been performed by other 
organizations. 1f the reader ls aware of 
similar research programs. the authors 
would appreciate notification of them. ■ 



24 SPRING/SUMMER. 1985 FACTLITIES MANAGER 

State Policy Initiatives 
for Financing Energy Efficiency 

in Public Buildings 

An energy efficient physical plant Is a 
resource that should be developed as 

part of sound fiscal management. Our 
buildings and equipment were constructed 
without regard for energy operating costs. 
As a result. there exist tremendous oppor· 
tunltles for energy cost control through 
improved building operations and mainte
nance and capital Investments lo energy 
efflctency. 

Yet. while faced with excellent Investment 
opportunities In energy efficiency Improve
ments. states are experiencing severe fiscal 
crises: the resources available for financing 
energy efficiency are limited. Given the 
power of new alternative flnandng options, 
however. public administrators can begin to 
view energy efflctency Improvements as 
investments with attractive returns. This 
paper will demonstrate that lack of state 
resources need no longer be a barrier to 
developing cost-effective energy efficiency 
projects. Alternative financing can be 
arranged fo r all projects. 

Alternative Financing 
The main principle of energy financing ls 

straightforward: energy conservation saves 
money. and the savings can be used to pay 
for the Improvements. By properly financing 
energy effidency investments. state cam
puses can generate Immediate positive cash 
savings. In other words. economically 
sound projects can be self-financing. 

The rationale for exploring alternative 
financing Is equally straightforward: lo the 

The Energy Task Force ls a committee of cbe 
Association of Physical Plant Administrators of 
Universities and Colleges. This is one of a series 
of eight papers pub/Jshed in Financing Campus 
Energy Conservation Projects. 

competition for limited resources many 
cost-effective projects are not being funded. 
In light of the availability of alternative 
financing options. energy efflctency offers 
compelling opportunities for cost reduction 
that no astute manager can afford to over
look. 

While recognizing their capital con
strained position. public institutions can 
sttll take an aggressive approach to deve.lop
ing their energy cost savings potential by 
using alternative financing. Delaying pro· 
jects means losing the potential cost savings 
they offer. Delay can also Inflate project 
costs. 

Alte rnative financing offers a way to 
Implement projects expeditiously. In the 
final section of this paper. the following 
financing options are discussed: 
• tax-exempt bonds 
• municipal leasing 
• shared savings contracting 
• third-party project financing 

Alternative Financing with 
Private Capital 

Accessing private capital for energy 
efficiency projects offers several Important 
advantages. It can, 
• relieve the burden of funding from state 
and local budgets 
• generate an immediate positive cash flow 
to the state 
• free scarce state resources and preserve 
borrowing capacity for other purposes 
• expedite acquisition of energy saving 
equJpment and thereby avoid losing poten
tial energy savings (which delayed Im· 
plementation causes) 
• make use of the energy management and 
project development expertise of the private 
sector 

by the Higher Education 
Energy Task Force 

• transfer the risks associated with energy 
project development and operations to the 
private sector 

Before we discuss individual financing 
techniques. we shall examine the case for 
making energy effictency an admlnlstratlve 
priority and outline several important 
changes in budgeting and procurement 
procedures necessary to facilltate and 
stimulate the development of projects and 
the use of alternative financing. 

Why Be Concerned 
with Energy Hfflclency1 

Nationwide. higher education spent an 
estimated $3.2 billion on energy costs lo FY 
1981-82. This amount ls equivalent to the 
salaries of 129.000 full-time faculty. $363 
for every full-time student. or one-and-one
half times the budget of college libraries 
nationally. The estimated energy expendi
ture for public schools (K-12) ls $4.5 bllllon: 
for hospitals. over $3.4 billion. equaling 
$2.517 per bed per year. High energy costs 
have taken their toll on municipal budgets. 
A 1980 survey of 1.550 local governments 
by the International City Management 
Association revealed that energy expendi
tures were the second highest line Item lo 
the annual operating budgets of 56 percent 
of the local governments surveyed. 

A dollar spent on energy Is one less 
dollar available for valuable programs and 
services. A dear. direct equation between 
energy and cost control needs to be made lo 
the minds of public administrators. 

These energy costs will continue to rise, 
especially In the wake of natural gas dere
gulation. For example. two-thirds of the 
nat ion's hospitals use natural gas as their 
primary fuel. Assuming natural gas prices 
will double by 1986, which Is expected 
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under the current Natural Gas Policy Act 
deregulation schedule. $900 million will be 
added to hospital fuel bills. Even though 
the price of oil has fallen recently from 
approximately $34 to $28 per barrel. the 
economic potential In Improved energy 
efficiency Is still very great. Remember that 
as recently as 1979 oil prices were $14/barrel: 
In 1972 they were $1.50/barrel. The relative 
effldency of our energy systems has not yet 
caught up with the price Increases of the 
I 970s. Energy effldency still represents a 
major opportunity for cost-control In the 
public sector. 

Another area of concern related to energy 
effidency Is fadlJtles renewal. Major Invest· 
meats will be required In the coming 
decades for renovating and upgrading aging 
capital fadlJtles. Energy effldency Improve
ments work hand-In-hand with and can be 
the beginnings of a capital renewal program. 
Energy cost savings can significantly offset 
the costs of deferred malntenance expendi
tures. 

Energy ef£iclency offers numerous other 
public economic benefits: jobs In the con
servation industry. a reduced loss of pur
chasing power from the local economy to 
pay for energy imports. the healthy multi
plier effects of Increasing the local drculatlon 
of goods and services. and lower costs for 
public services. 

Chu ge to Sute Legislatures 
and Executive Agencies 

State legts.latures and executive agendes 
need to commit to and develop procedures 
for finandng all cost-effective energy 
effldency projects ln the buildings for 
which the state owns. operates. and pays 
the energy bills directly. There Is immediate 
cost-control potential here. Second. state 
government needs to concern Itself with 
cost-control and fadlJties renewal In instltu· 
tlons for which they have Indirect fiscal or 
public responsibility: schools. hospitals. 
colleges and universities. and mun.ldpal 
fadlJtles. as these fadlJties are operated in 
the public purpose. 

The Department of Energy's Institutional 
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Conservation Program. popularly known as 
the Schools and Hospitals Grants Program. ls 
searching for policy initiatives that will 
promote the finandng of energy conserva
tion, work with the private sector and 
market forces, and require a minimal 
budgetary commitment from the Federal 
Treasury. Whatever funding level ls achieved 
for future grant cycles. it will be grossly 
inadequate to finance all the cost-effective 
energy projects that are being identified 
within these sectors. This change In federal 
support is shifting responsibility for energy 
finandng to state and local Initiatives. 
making it necessary that states commit to 
developing all cost effective energy efflctency 
projects. 

Adopt New Capital Budgeting 
Procedures and Financing Techniques 

Initiative #1 Assess the Energy Savings 
Potential In All Public Buildings-It Is 

critical that public agendes continue to 
collect energy data on their buildings and 
identify efficiency projects. This Is the 
Initial phase of project development that 
only the building owner/manager can 
undertake. Accurate data ls needed to 
prioritize projects. attract private financing. 
negotiate sound contracts. and indepen
dently monitor results. Funding for audits 
and engineering feasibility studies should 
continue aggressively. 

As an aside, one possible source of funds 
for energy audits or even minor improve
ments is reserve repair and replacement 
funds established by bond indentures for 
buildings originally funded by bonds. 
Federal "oil overcharge· funds could also be 
used for this purpose. 

State energy offices (SEOs) should con
tinue to assemble information on potential 
energy effidency projects as they have 
under the federal schools and hospitals 
program. Then. alternative financing can be 
arranged. 

Initiative #2 Commit to Funding All Cost· 
Effective Energy Projects-States should 
commit to funding and developing all the 

energy efficiency projects that are cost• 
effective. The criteria for cost effectiveness 
are: 

I. The project meets the state's target 
rate of return. 

2. The project can be financed on a 
positive-cash-flow basis. 

This policy should be communicated 
clearly to all institutional p.lant managers. 
The policy should indicate to building and 
finance managers that energy projects 
meeting the specified economic criteria are 
fundable or. additlonally. that energy 
finance and service contracts with private 
firms that meet spedfied criteria are accept· 
able. 

Initiative # 3 Present Energy Projects 
Separately for Cilpital Budgeti.ng-Because 
of their cost-saving nature. energy effidency 
improvements should be presented sepa
rately for capital budget.Ing. This will 
encourage physical p.lant managers to bring 
energy investments up the line. Further. it 
will allow the flnanctal returns of the 
projects to be highllghted and alternative 
funding sources to be explored even lf 
regular capital appropriations are not forth
coming. 

Initiative #4 Ltft the Cilpltal Ceiling for 
Energy Projects by Demonstrating Access 
to Cilpltal-Many states. through the 
capital budgeting process. impose a ceiling 
on allowed annual capital expenditures. 
Because energy projects compete directly 
for funds with projects vitally related to a 
campus· mission. they are often cut to meet 
the ceiling and preserve the other priorities. 
Even when cost-effective energy projects 
have been identlfted and engineered, they 
are not always submitted for approprl· 
ations. 

Access to external capital to Lmplement 
campus energy projects can easily be dem
onstrated. Funding for energy projects does 
not have to compete for internal resources. 

Initiative #5 Confirm or dearly Authorize 
the Contractual Ability of State Institutions 
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to Use Alternative Financing-Public developing procurement guidelines for percentage of existing expenditures. delib-
Institutions must live within strict constitu- alternative energy conservation financing erately refrained from Implementing all 
tional debt limitations and cannot Incur and services. The New York State Energy energy conservation measures In order to 
multi-year liabilities, except bonded indebt- Research and Development Authority Is protect future budget allocations. Admlnls-
edness. This restriction may place limits currently Involved In a demonstration trators knew that utility bills would be paid 
on their ability to use private finandng program to broker energy performance whatever their amount. The state legislature 
mechanisms. For example, lo Mas- contracts for several Institutions. Including had granted supplemental appropriations 
sachusetts. public Institutions can only a state owned psychiatric hospital and two for energy cost overruns In the past. a 
lease certain property-buses. computers- public schools. widespread common practice. The lnstitu-
and are not currently authorized to lease tlon. therefore. had no Incentive to submit 
energy equipment. In New York. legislation lnltlatlve #7 Designate a Budget Line for all Identified energy projects In their capital 
has been Introduced to allow only up to ten- Making Alternative Finance Payments-To request because. If funded, they would 
year energy service contracts. use alternative finandng, the budget line effectively reduce their capital appropriation 

These restrictions against Incurring Item out of which the flnanctng payments for other purposes and would reduce their 
multi-year liabilities can be dealt with will be made must be Identified. If an energy operating budget In future fiscal 
contractually with use of a "non-appropri- Institution has identified an energy conser- periods. Not only can Institutions Jack 
atlons" or "fiscal funding-out· clause. This vatlon measure which will repay Its Initial Incentive. they often Jack the resources 
clause Is discussed In the section below on costs In one year or less. It should be allowed necessary for effective energy management. 
municipal leasing. 

Several other legal Issues can arise If a 
state Institution proceeds to enter alterna-
tive financing contracts concerning procure-

"The potential dollar savings available ment procedures. labor relations. leasing of 
state property to developers. and finandng. 
To encourage use of alternative financtng, 

from institutional energy conservation are legislation dearly authorizing It Is helpful. 
An excellent example of such legislation Is 
California Senate Blll 701 passed In 1982. so great, they have attracted the interest In many cases. procurement law will 
have to be changed. Each state has Its own 

of private business." laws that act as barriers to the procurement 
of energy project financing from private 
sources. Identifying legal barriers and 
revising the laws to permit private finandng 
necessarily wll1 be an individual state-by-
state process. 

the budgetary flexibility to spend or transfer The solution Is to create an energy 
Initiative #6 Develop Procurement Proce- funds out of Its utility/fuel account to budgeting system to stimulate efficiency. 
dures for Alternative Finandng-State implement this measure. Washington State The new system has two purposes. The 
governments should develop procedures for has recently passed legislation to allow this first ls to reward energy efficiency and 
utilizing private capital finandng of energy practice. This practice Is not allowed In management successes. The system should 
efficiency Improvements. There may be many state.Institutions and unnecessarily localize Incentives to conserve energy with 
economies In centralizing financing exper- prevents expeditious implementation of the end user and other energy managers by 
Use In one state office and then making It conservation measures. allowing them to retain part of their energy 
available to other state agencies and publlc- Massachusetts has considered taking this savings. 
purpose Institutions. State energy offices. logic another step further by allowing funds Second. the system should provide 
purchasing. general services. public works- to be spent from the fuel account budget resources for energy management. A portion 
all these may be the appropriate office to llne for lease. debt service, and other forms of avoided energy costs can systematically 
undertake the task. of energy efficiency finandng payments If be garnered for reinvestment In the effi-

After researching and qualifying finandng the transaction creates a positive cash flow clency program. This system creates stable 
mechanisms and specific plans offered by (that ls, payments are less than energy parameters necessary for effective manage-
private business. the energy financing office savings). This policy would encourage use ment and. In the process. Institutes a 
could serve to connect those Institutions of innovative finandng programs and give performance monitoring system. 
needing flnanctng with firms that can Institutional managers the budgetary A small percentage of avoided energy 
provide It. By assembllng cost-effective flexibility to Initiate such transactions. costs are being distributed back to the 
energy projects the SEO could attract Individual campus administrations within 
investor Interest In this market. The office's Initiative # 8 Create a New Energy Budget- the State Unjverslty of New York system. 
goal would be to provide Information that 1ng System for Stimulating Effidency- In- California. Utah. and North Dakota are also 
would open up the marketplace and assist dividual publlc Institutions typically do not Investigating such a policy. A Colorado 
both public Institutions and private busi- have Incentives to save energy. If energy program allows local campuses to retain all 
nesses In engaging In mutually benefldal savings are achieved these saved dollars energy cost savings beyond 12.5 percent of 
transactions. revert 100 percent back to the state general the total energy budget and also penalizes 

In order to utilize private capital. public coffers. Few. If any. dollars are returned to the campus for exceeding their allocation 
agencies must continue to Identify energy the institution that generated the savings. by more than 12.5 percent. 
projects and develop procedures and stan- If future energy budgets are based on 
<lards for procuring finandng. Several historic energy expenditures. the agency Components of an 
states. notably New Jersey. Washington, may have a positive disincentive to conserve. Hnergy Budgeting System 
Minnesota. California, Delaware. New York. One manager. In antldpatlon of a governor's Three Important Issues have to be ad-
and Pennsylvania, have developed or are mandate to cut utility costs by a fixed dressed In designing the new energy 



budgeting system to stimulate efficiency: 
• how far Into the future should energy 

costs savings be calculated. 

• how should subsequent years' energy 
budgets be calculated. and. 

• what stipulations should be placed on 
the use of saved energy dollars. 

Budget In Energy Unlts-Dlstlngulshtng 
between energy units and dollars ts the key 
to this budgeting system A base year 
energy consumption level. expressed In 
energy unJts. Is established. The previous 
year's consumption corrected for weather 
could be used. This amount becomes the 
energy budget for the next year. 

Budget Over a Five-Year Period-In 
order to provide contlnult¥ for the budgeting 
system and create stable parameters for 
planning. a five-year budget ts created. This 
long time horizon ts critical to the success 
of the program. 

Base year consumption ts the energy 
budget for year I of the plan. Subsequent 
years' budgets can be the exact same base 
corrected for changes In the amount of total 
space served and lo bulldtng operating 
patterns. or they can decline as progress ts 
made toward an efficiency target. If the 
latter method ts chosen, then a five-year 
efficiency target from operations and 
maintenance (0 & M) Improvements should 
be set. The Institution then establishes 
energy consumption and efficiency targets 
for each of the next five years. If new 
experience and conditions warrant It. the 
target can be changed. Changes should 
reflect Improved accuracy In estimating 
energy use and not compromise the goal of 
creating incentives for efficiency. At the 
end of the five-year period a new base year 
should be established. 

Calculate Energy Savings and Convert 
Into Cost Savings-The difference between 
the amount of energy budgeted and the 
amount actually consumed Is the savings. 
The savings will be broken out Into savings 
from I) capital projects, and 2) operations 
and maintenance Improvements. The 
calculation of energy saved should correct 
for weather and changes In operating hours 
and Increased space. 

Either the actual prevailing prices. or the 
estimated price on which the dollar budget 
was based. can be used to calculate the 
dollar savings. If prices rise unexpectedly. 
then there may be no excess dollars in the 
energy budget for distribution: yet. you may 
still want to calculate and distribute energy 
savings at the prevailing prices. Energy 
savings have become more valuable. lo· 
creasing the Importance of conservation. 
On the other hand. higher than estimated 
energy prices may consume all available 
funds for distribution, making It Impossible 
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to stick to the budgeting system. How the 
budgeting system will respond In such 
cases-where actual prices deviate signifi
cantly from estimated prices-needs to be 
addressed. 

Again. the goal of this system Is to create 
Incentives for reduction in consumption. 
The Institution or energy manager should 
not bear the risk of. or benefit solely from. 
unanticipated changes In energy prices. For 
example. if no Improvement In efficiency 
occurs yet prices fall. then even though a 
budget excess will exist. It Is not attributable 
to energy management and should not be 
distributed under the program. 

Develop a Schedule for Dlstrtbutton of 
Savings-Once the value of savings ls 
determined. the funds can be distributed. A 
schedule for savings distrtbution-whtch 
group should get what percentage of each 
type of savings In what years-needs to be 
negotiated. 

Funds can go to three groups with the 
following stipulations for their use: 

The Building/Agency Energy Users-A 
small portion of avoided costs can be 
distributed for general purpose or program. 
preferably a highly visible Item to maximiZe 
the public relations value of the money. 
This group should only share In savings 
attributable to O & M Improvements. 

An Energy Project Fund-Funds can be 
used for energy engineering studies and 
consulting services. financing payments. or 
on direct costs of efficiency projects and 
other expenses related to the energy man
agement program. e.g .. submeters. Savings 
from both capital and O & M projects 

should be distributed to the energy project 
fund. 

The General State Fund-If the energy 
budget ls decltntng over the years. this 
decltne can represent all or part of the 
general fund's portion of O & M energy 
savings. Of course, no stipulations are put 
on savings reverting to the general fund. 
Five years after their Implementation. all 
savings from capital projects could revert to 
the general fund. 

Ta.x-Rxempt Bonds 
The term alternative financing for energy 

projects refers to any source or method of 
financing other than state appropriations 
made through the normal capital budgeting 
procedure. This definition includes the use 
of tax-exempt bonds. The reason for defin
ing them as alternative Is that bond financ
ing of energy projects. though It ls a tradi
tional method of funding. does not have to 
cost the state government any money. 
Given an economically sound project. the 
annual debt service on the bonds will be 
less than the energy cost savings. resulting 
In Immediate cash flow Improvement. It ls 
critical that this Investment perspective and 
positive cash flow approach be adopted. 

Tax-exempt bonds are the traditional 
method for public Institutions to finance 
capital projects. The two types of govern
ment bonds are: 1) general obligations 
(G.O.) bonds. and 2) revenue bonds. Because 
general obligations bonds are an established 
method for financing capital facilities, they 
are the first option to be examined for 
funding public sector energy efficiency Im· 
prove men ts. 
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• HEATING & COOLING COILS FOR UNIT VENTS 
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HANDLING UNITS 
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• TUBE BUNDLES (Shell & Tube) 

• RADIATOR ENCLOSURES 
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The critical element in bond financing of 
energy projects is how the bonds are secured 
and what their source of repayment will be. 
The flow of funds, tradng the saved energy 
dollars to the debt service payments. needs 
to be mapped out dearly. A direct connection 
needs to be made between the savings and 
the bond payments. No agency or institution 
should be penalized for implementing 
energy projects. That Is. 1f an Institution is 
required to make the debt service payments. 
they should also be allocated a portion of 
the savings. 

Debt-Issuing capacity is a limited resource. 
Some states or public institutions may be 
near their prudent debt carrying capacity. 
Although bond flnandng of energy projects 
will cause immediate net savings. It will 
lower debt service ratios. State officials 
must make a policy decision whether to use 
their borrowing capacity for energy projects 
or conserve It for other purposes. The 
attractiveness of other financing options 
which have a lesser impact on borrowing 
capacity will be a factor in this decision. 

States have operated grant and loan 
programs for public sector energy projects 
financed with G.O. bonds. The federal 
schools and hospitals program remains an 
excellent model for grants programs oper
ated at the state level. This program could 
be assumed and expanded by state govern
ments using state general obligation bond 
finandng. 
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New Jersey Issued $50 million In general 
obligation bonds In November 1980 to 
finance energy improvements In the 40 
million square feet of state owned buildings. 
A bill is pending for a $25 million Issue for 
conservation grants program to local school 
districts. 

California has Issued G.O. bonds to 
provide matching funds for federal grants 
under the schools and hospitals grant pro
gram. 

Massachusetts is considering an innova
tive program for finandng energy efficiency 
projects for state and municipal fadlltles to 
be funded by general ob]Jgation bonds. The 
original bond principal would estabilsh a 
revolving loan fund. Individual loan terms 
would be arranged so that debt service 
payments would be less than annual energy 
savings. Debt service would be deposited 
back into the loan fund for reinvestment in 
additional projects. Forty-five million 
dollars was originally proposed to initiate 
the program: this amount has been reduced 
to $10 mtllJon in a bill now before the state 
legislature. 

Nebraska has commJtted $5 million per 
year for the next five years for a pubilc 
schools energy conservation grants program. 
The state grant covers 75 percent of the 
project costs. requiring a 25 percent match
ing local contribution. The funding derives 
from oil and gas severance taxes. which. of 
course. all states do not enjoy. 

Herricks School District. Long Island. 
New York. and Jefferson County. Colorado 
recently gained voter approval for bond 
Issues solely to finance energy conservation 
projects. These issues were presented to the 
voters in terms of the total tax dollars that 
the school districts would save by imple
menting the energy projects. The debt 
service on the bonds was designed to be 
less than the energy savings. thus generating 
a positive cash flow from the project. Voters 
apparently understood this logic. 

Revenue Bonds-Revenue bonds typi
cally are secured by the revenues of the 
project being financed. The cash flow from 
operation of the project serves as security 
and the source of bond debt service. Because 
energy efficiency projects save costs rather 
than generate revenues, they are not e]Jglble 
for a strictly self-supported project finandng. 
One important exception exists to this rule. 
If the project generates power (electricity or 
steam) for sale. then those revenues could 
be used as security. 

Second. a private business entity could 
Intervene between the bond authority and 
the public Institution. Using the bond pro
ceeds. the private firm would make energy 
efficiency improvements under one of 
several contractual arrangements. The 
payments from the institution to the private 
firm would serve as the revenue stream to 
secure the bonds. The advantage of a pure 
project revenue financing Is that It is •off 
credit" for the Institution: the institution's 

capacity to borrow for other purposes Is not 
diminished by the transaction. 

States can utillze revenue bond authorities 
for financing public sector energy projects 
through third-party financing. The issuing 
authorities have no taxing power. Bonds 
issued by these authorities are not a debt of 
the state or local government that estab
lished them. No government obligation Is 
created by these bond Issues. These au
thorities are an ideal and identifiable vehicle 
for energy project financing. 

Municipal Leasing 

A municipal lease Is a conditional finance 
or purchase agreement. structured ilke 

a simple loan. with the interest income 
being tax-exempt to the lessor. At the end 
of the lease term. ownership of the property 
passes to the lessee. Just ilke a municipal 
bond. interest income on the municipal 
lease payment Is tax-exempt to the lessor. 
Interest rates are. therefore. very favorable. 
currently around IO percent. Just s]Jghtly 
above the municipal bond rate. With typical 
lease terms (5-year lease at 10 percent) all 
energy projects with a 3.5-year simple 
payback period can be implemented on an 
immediate positive cash flow basis. If the 
lease term ls extended. longer payback 
projects can be implemented for positive 
cash flow. 

A municipal lease does not constitute 
long-term debt of the lessee. It does not 
encumber the lessee's future budgets or 
reduce-to the degree that bonded indebt
edness would-an institution's borrow-
Ing capacity. The lease includes a clause 
ilmltlng the Jessee's obligation to make the 
lease payments to a single fiscal period. The 
lessee Is obligated to make every effort to 
secure appropriations for lease payments. 
but. by removing the fixed obilgatlon to 
make payments In future fiscal periods. the 
restriction against creating multi-year 
liabilities Is satisfied. 

Creating any state obligation raises the 
concern of overextending the state's credit. 
Municipal lease financing of energy projects 
addresses this concern in two ways. First. 
energy projects are particularly well suited 
for municipal lease financing because they 
can be financed on a positive cash flow 
basis. Lease payments can be structured to 
be less than debt service. This Is a cost-cut
ting transaction. Second. the municipal 
lease satisfies all legal restrictions against 
Incurring multi-year liabilities. Thus. a 
legislator or administrator should approve 
of municipal lease financing of energy 
projects when the transaction can meet the 
positive cash flow criteria. 

To move forward on municipal lease 
financing, state offidals must determine: 
1. ls this a desirable method? 
2. What are the state's procedures and laws 
for using municipal leasing? 
3. What source or budget IJne for lease 
payments would be used: could lease 



payments be made out of the utility line 
(given that energy cost savings IS greater 
than debt service)? Would an established 
account line be used or would a new one be 
established? 
4. What criteria and financial analysis 
procedures would be used for deciding 
what projects to finance with municipal 
leasing? 
5. What are current market rates and terms 
for leasing In your state? 

Shared Savings Financing for 
Energy Efficiency Investments 

The three most common barriers you will 
find In trying to exploit your Institution's 
energy savings potential are: the lack of In· 
house expertise and administrative momen
tum needed to Identify and Implement 
projects. the lack of up-front capital. and 
the lack of guaranties or certainty to reassure 
public administrators that a project will 
actually produce the promised savings at a 
reasonable cost. 

The potential dollar savings available 
from Institutional energy conservation are 
so great they have attracted the interest of 
private business whlch. In tum. has begun 
to address and eliminate barriers to energy 
efficiency Investment with what ts known 
as "shared savings" contracting. 

Shared savings ts a generic term for an 
agreement lo whlch a private company 
offers to execute energy efficiency capital 
improvements In exchange for a portion of 
the energy cost savings that accrue. Typl· 
cally. such a company enters Into a long-term 
contract and. at Its expense, engineers. 
Installs, and manages or cornanages an 
energy efficiency system for a building. 

The most attractive feature of thls ar
rangement ts that no up-front costs are 
incurred by your budget. Capital Is provided 
by the private firm. The cost of that capital 
ls spread out over the length of the contract 
through the service payments paid by your 
school The service payments are made out 
of the energy savings generated by the 
project. Further. the private firm assumes 
many of the risks of the installation. Your 
campus ls only required to pay a percentage 
of what It saves. If no savings are realized. 
no payment Is due. 

Bnergy Service Contracts-An energy 
service company Is a full service company 
that contracts to provide given levels of 
heating. cooling. !Jghting. and equipment 
use. The company assumes all responsibility 
for the utillty bill payments of the school 
and makes Its profit on the spread between 
Its cost of providing energy services and Its 
fees. 

Fees are guaranteed to be a negotiated 
percentage of what the same level of energy 
services would have cost If you kept ope.rat· 
Ing at the same level of efficiency. In other 
words. your campus can never pay more for 
Its energy than It presently pays. assuming 
price levels remain the same. The company 
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makes capital Improvements to provide 
energy services more efficiently. at no direct 
expense to your Institution. All you pay are 
the contract payments. 

Shared Savings-Shared savings con
tracts function much the same as full 
service contracts. but are more common 
because their scope ts less comprehensive. 
aiming at one project or one series of 
projects and has most commonly been used 
for energy control systems. Other types of 
Installations financable by shared savings 
financing are heat recovery systems. boiler 
fuel conversions. cogeneratlon, and more. 
Whole packages of general energy systems 
improvements have been included under 
shared savings arrangements. This type of 
financing. while new. Is gaining In frequency 
and reputation because of Its inherent flex!· 
bility. 

The share of savings required by the 
Investor to make the Investment economi
cally attractive depends on the firm's cost of 
capital and other variables. and will vary 
from 50 percent to as hlgh as 90 percent. 
Remember. however. payments are based 
solely on savings realized. If no savings 
accrue. then you as the energy user are not 
liable to make payments for capital Im· 
provements or services rendered. In this 
way the firm has every Incentive to perform. 
Shared savings contracts are being written 
for terms of five to twelve years. 

Third Party Project Financing of 
Central Plant Facllitles 

Many state Institutions operate large 
central plants. On any campus the central 
plant Is the first place to look for efficiency 
Improvements. Major projects such as 
cogeneratlon or conversion to alternative 
fuels !Jke biomass or waste can offer tre· 
mendous savings In energy supply and fuel 
costs. These projects are excellent candl· 
dates for private capital financing. 

Central plant projects are well suited to 
"third-party financing." Third-party financ
ing Is a generic term for arrangements 
where a private. independent contractor 
will design. build. finance. and even own 
and operate the plant. The private party can 
lease the facility back to the state. slmllar to 
current state lease-purchase agreements for 
office buildings. or It can assume plant 
operational responsibility and enter Into 
long-term energy sales contracts for the sale 
of utilltles. In the latter case. the real prop
erty on which the plant Is sited would be 
leased to the private party. The private 
party IS typically organized as a !JmJted 
partnership and utilizes debt leverage to 
rnaxlmlze the tax benefits to the Investors. 

The California Department of General 
Services recently contracted for thlrd-party 
development of ten cogeneratlon plants. 
Pennsylvania will soon be Issuing a request 
for proposal for financing cogeneratlon In 
state fadlitles. 

The University of Texas has utilized this 

method for financing the construction of 
conventional boiler plants. Dade County. 
Florida Is considering leasing a cogeneratlon 
plant In a slmllar arrangement. The county 
will operate the plant and sell electricity to 
the local utillty. Thermal output will be 
used to power absorption chillers for cooling. 
The county estimates a first year net profit 
of $700.000 from electridty revenues and 
saved energy costs. After ten years Dade 
County can purchase the plant for a nomlnal 
sum. 

Utility participation- The state's role as 
public utility regulator Is Important In 
developing small power projects. Regula
tions requiring utilities to Interconnect with 
small power producers and purchase power 
from them at rates approaching the utillty's 
"avoided cost" should be enforced at the 
state level to create a positive regulatory 
dlrnate for such projects. Utilltles can also 
play a major role In finandng energy effi
ciency projects as an economic alternative 
to the construction of new generating ca
pacity. 

Conclusion 
As the above discussion indicates. there 

are many options for ftnandng cost-effective 
energy effictency Investments. Implement· 
Ing these projects constitutes sound fiscal 
policy and need not languish for lack of 
public funds. ■ 
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The Demise of the Lone Ranger, 
or "Who Was That Masked Man?" 
Managing for Excellence: The Gulde to 
Developing High Performance In Contem
porary Organizations, by David L. Bradford 
& Allan R. Cohen. New York; John Wiley & 
Sons. 1984. 301 pp. $18.95. hardcover. 

"Excellence" has become the buzzword of 
the Eighties. Unfortunately. much of the 
literature dealing with excellence explores 
the subject from a level that has little 
practical application for the mJddle manager. 
Whtle we can control our behavior as 
managers, we do not necessarily have 
control over Institutional norms and be
havior. Most of the current books stress 
overall Institutional excellence whtle neg
lecting the perspective of the departmental 
or divisional manager. who may have little 
Influence on the total organization, but who 
can have great Influence within his or her 
own operational area. The beauty of Manag
ing for Excellence Is that It addresses the 
concerns of the mJddle manager In spectftc 
and practical detail. 

Bradford and Cohen propose a new 
model of leadership. one they tested with 
more than 200 mJddle- and upper-mlddle 
managers. They based their model on what 
they had seen In high-performance depart
ments. namely, 1) energy and commitment 
among subordinates, 2) a cohesive team, 
3) fast-paced problem-solving meetings. 4) a 

The Bookshelf 

healthy. supportive competitive spirit. and 
5) the leader's belief In the abilities and 
Intentions of his or her subordinates. 

In discussions with mJddle managers, the 
authors learned that managers want three 
things: to be able to pick and butld their 
own team: to have an exciting Job that Is 
Important to the organization: and to have 
the boss get out of the way. The essential 
Issue for most managers Ls to take control 
of what happens to them: according to 
Bradford and Cohen. sharing responsibility 
ls the key. 

Do you get the budget you 
need for your roofing and 
waterproofing requirements'l 

What•s the best answer for 
your roofing projeets ... 

Built-up R oof'? Single Ply? Foam? Coatings? 

These are but a few of the important questions for you to ans wer as a 
Physical Plant Manager . .. As Rooflng Cons ul tants, we can help you 
find the answers to the above questions and more. We specialize in 
roofing investigation, analysis and budget projection. Services 
available include . . . 

• lnvesllgation and P lanning 
- Vis ual and Nondestructive Mois ture Scans 
- Project and Cost A nalysis 

• Desig n of Specifications, Bid Documents, Roo f Plans, De tail Drawings 
• Cons truction Quality Con t rol Including Material S ampling & T esllng 
• Mainte nance Program Desig n & Cost Analysis 

You'll be armed with convincing facts, well-laid ou t plans and up-to
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ROOFING INFORMATION CENTER, INC. 
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In contemporary organizations. change 
and a lack of predictability are facts of life. 
Paradoxically. because of the changing 
nature of work. the key to excellence lies 
not In the manager but In his or her subor
dinates. It is the subordinates. individually. 
who have the time and ability to keep up 
with change and to keep dose to the client. 
Therefore. the concept of the shared re
sponsibility team Is the vehicle for creating 
departmental or divisional excellence. 

To carry out this charge. the post-heroic 
leader appears. Unlike the Lone Ranger. 
who rushes In to save the situation and 
leaves a silver bullet behind (and thus 
weakens the subordinates by not allowing 
them crucial tests of their abilities). the 
post-heroic leader manages by sharing 
responsibility and control. 

This manager-as-developer model has stx 
characteristics: 1) a common. unifying 
vision. 2) a cohesive. Interdependent team. 
3) open. two-way communication. 4) re
sponsibility and Influence are pushed 
downward to subordinates. 5) control 
comes from the common goal. team spirit 
and loyalty and the abilities within each · 
Individual. and 6) everyone has the right to 
raise and resolve Interpersonal and task 
problems. 

The results of the developer approach 
Include completing tasks at a high level of 
quality (because of the Interdependence of 
the team and the open communication that 
exists) and an Increased sense of responsi
bility among team members that extends to 
managerial as well as task Issues and 
Increased motivation. The major benefit Is 
that It frees the manager to spend time on 
things only he or she can do. and where the 
biggest payoffs are. Such activities could 
Include outwardly directed activities that 
would anticipate major Institutional policy 
shifts or improving delivery systems as a 
result of Interaction with client groups. 

There are two things of particular Interest 
to those of us In plant administration who 
face technological change---diminishlng 
budgets and Inadequate staffing. Fl1st. 
Bradford and Cohen tested the manager-as
developer model by conducting workshops 
for more than 200 managers and refining 
the model with each subsequent group until 
they had a model that "was learnable 
despite its sophistication, practical despite 
Its newness. and useful to managers facing 
the toughest complexities of today's organi
zations." In addition. they have provided a 
step-by-step approach to achieving the 
model. Since most of us have resources 
right on the campus who can act as facili
tators In this process. the model becomes 
one that is both practical and attainable. (I 
would not recommend that a manager try 
to Institute such a change without at least 
some expert fadlttation at the outset for the 
simple reason that It Is dtfftcult simultane
ously to be part of a process and to observe 
and analyze the process.) 
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The model is not without Its paradoxes and of definite Interest to anyone involved Both blue collar and white collar, union 
and the authors recognJze that fact. Chief in labor relations. and non-union employees will want more 
among the paradoxes is that managers The book Is divided Into three sections say about their working lives. Working 
increase their power by giving their subor- that more than adequately and equitably Together will provide some of the back-
dinates greater power, a concept that may cover the subject matter. The first section ground needed for constructive change. The 
cause some difficulty. But the authors Identifies and addresses the problems most rest will be up to management. 
believe strongly that the payoffs are well evident and pervasive In the American Working Together is available for $15.95 
worth the risks and this belief Infuses the workplace: that Is. the decline of productiv- from Random House, Inc_, 80 Newbridge 
book with a life of Its own. tty and the decay of the work ethic. The Road. Bergenfield. NJ 07621. 

For the busy plant administrator. I would second section illustrates the wide spectrum 
like to suggest that the book be read In the of changes that have occurred In the last -Charles W. DelCovlc 
following order. Begin with the preface. ten or twelve years In a variety of private Director. FacilJt!es Services 
then read the chapters In this order: 9. 7. 3. and public organizations. These changes Ca!Jfomla State University. Hayward 
4,6, 5.8. 2. and 1. have taken place at all organl.zational levels. Hayward. Ca!Jfomta 

This method was suggested to me as a from the shop floor to the president's suite, 
way of getting through the material quickly and Involve new patterns of behavior, new 
and efficiently. Except for the preface and ways to distribute profits and power, and Gulde to High-Tech Support the last chapter. which are to be read In new concepts of ownership and manage-
their entirety. all other chapters can be ment. 

Computer-Aided Faciltttes Planning, by H. mastered by reading the introduction and The third and meatiest section Is entitled 
the conclusion and skimming the rest. The "Problems on the Way to Participation." Its Lee Hales. New York: Marcel Dekker, Inc., 

meat of the book exists In the preface and six chapters dearly identify the range of 1984. 326 pp. $49.75. hardcover. 

chapters 9. 7. and 3. topics covered: conflicting objectives. getting Computer-Aided FacJlities Pbnning has 
I highly recommend Managing for Excel- started. sharing decision making, participa- not been written specifically for the factlities 

Jenee as an extremely practical book that all tory leadership. rnidclle managers In the management operation of a university, but 
of us can use to Improve our operations. rnldclle. and union reluctance and coopera- It does highlight areas where computers 

Coples are available for $18.95 &om John tlon. Another chapter reviews the current may be effectively utilized In a physical 
Wiley & Sons. Inc .. One Wiley Drive, Somer- forces affecting participation and discusses plant environment. In a general sense. the 
set. NJ 08873. ways and means of accomplishing meaning- author shows how planning functions and 

ful advances of participatory management. traditionally non-computerized areas can be 
-Phyllis Rossiter Forbes Working Together is not a shop manual effectively Improved. While this book Is 

Director. Administrative Services for the repair and maintenance of ailing oriented toward space utilization and 
University of New Hampshire organizations. It does. however. make a facilities planning. It also provides Insight 

Durham. New Hampshire significant point In addressing the need for Into the evaluation process for determining 
and benefits of organizational reform and In whether physical plant functions could 
outlining the conditions required for sue- benefit &om computer-aided support. 
cessful participation efforts. I believe the In order for the reader to understand 

Making a Case for book should be read. If not studied, by all how computer aids can assist In the factlitles 
facilities managers who have at heart the planning process, the author spends several Participatory Management best Interest of their employees and their chapters outlining the types of planning, 

Working Together, by John Simmons & institutions and who wish to minimize the decision making, and designing processes 
William Mares. New York: Alfred A. Knopf. traditional adversarial relationship between that are Involved. Considerable time is 
Inc .. 1983. 319 pp. $15.95. hardcover. labor and management. spent on space analysis and space relation-

While the book has a heavy emphasis on ships and existing techniques for evaluating 
Working Together is a book about an private enterprise environments, many of these functions. 

idea whose time. apparently, has come. the concepts discussed are both directly This basic introduction to factlities 
Basically. the book deals with better ways and indirectly applicable to public sector planning provides useful Insight into the 
to organJze work by Increasing the Involve- and private Institutions. The growing necessary planning and decision making 
meat of employees in both management Interest In quality circles In physical plants processes of the factlity architect, but would 
and ownership of the companies that em- around the ccuntry Is concrete evidence of only be useful to the physical plant adrnin-
ploy them The fundamental purpose of the beginning stages of Increasing employee lstrator if factlities planning was part of the 
this Involvement Is for people to gain more participation In plant management. physical plant department's function. After 
control over their lives at work. As time goes on. this participation is the Introduction of these planning processes 

Simmons and Mares present a compelling almost certain to grow in direct reflection of the author identifies the five main areas of 
and Informative documentation of the the trends In private industry. Indeed, computer-aided support: decision making. 
approaches. experiences, successes. and Increased employee Involvement In dee!- engineering. design and drafting. word 
failures of more than forty private firms and slons affecting the workplace will be a processing. and Information management. 
public agencies In the past and current necessity If physical plants are to attract Several chapters identify the hardware 
history of participatory management. Their and retain the younger and technically necessary to Implement computer-aided 
treatment of the subject Is comprehensive. qualified employee needed for the rnalnte- support. This part of the book Is particularly 
If not exhaustive. and while their strong nance and operation of our Increasingly useful to the novitiate. The auth.or provides 
advocacy of participatory management Is complex Institutions. The creative and good Insight Into the various sizes of com-
obvlous, the book Is at least equally devoted responsible plant manager will seek con- puter systems. the relative merits of the 
to the difficulties involved in achievtng structive employee involvement In decision different hardware approaches and Intro-
constructive participation. areas traditionally reserved for management duces some of the buzzwords that are so 

The authors' stated purpose of the book In order to more fully utilize the resources common In the computer industry. The 
Is to outline the conditions for successful of all employees and to promote personal description of the various software packages 
participation efforts. To that end. the book and professional growth at all levels of follows a similar developme.nt. leading the 
Is a success. It Is well-written. easy to read. plant organization. reader through the necessary decision 
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making processes to identify the user's 
needs and appropriate software applica
tions. 

The author also discusses the hardware 
and software selection process. He identifies 
spedfic selection criteria and procedures 
and provides Insight into the concerns that 
must be addressed to ensure a successful 
computer-aided support system. 

In conclusion. this book Is a fundamental 
introduction to the use of computer-aided 
support. Many of the Initial stumbling 
blocks to implementation are discussed and 
the reader Is provided with some insight 
into the world of purchasing, operating, and 
maintaining computer systems. Finally. 
computer-aided support can assist facilities 
managers in a variety of areas: this book ls 
helpful In identifying where It can be most 
effectively implemented and the best hard
ware and software available now to do the 
Job. 

Computer-Aided FacJlJttes Planning Is 
available for $49.75 from Marcel Dekker. 
Inc., 270 Madison Avenue, New York, NY 
10016. 

-Gary L. Reynolds 
Assistant Director, Physical Plant 

Iowa State University 
Aines. Iowa 

and include descriptions and pictures of the 
various products they offer. This Is followed 
by a listing of over 380 U.S. manufacturers 
active in this field. These manufacturers are 
then cross-referenced according to product 
classifications such as furnaces, ovens. 
electric heating equipment. etc. 

The remainder of the directory lists 
organizations associated with the industry 
Including: U.S. government departments. 
federal agencies, congressional committees, 
state energy offices. and engineering and 
scientific societies. There Is also a handy 
reference section in the back on conver
sion factors. temperature scales. and 
terminology. 

The directory Is available for $25 from 
The Fairmont Press, Inc., P.O. Box 14227, 
Atlanta, GA 30324. 

• • • 

Incentives and Disincentives for Effective 
Management, by James A. Hyatt & Aurora 
A. Santiago. Washington: National Associa
tion of College and University Business 
Officers, 1984. 56 pp. $5. softcover. 

This booklet examines the incentive and 
disincentive programs in higher education 
management. It is useful to Institutions 
who wish to consider how the budgetary 
process can serve as a vehicle for Institu
tional flexibility and increase management 
effectiveness. The publication emphasizes 

the need for state legislatures and agencies 
to provide flexibility In management. 
promote efficient use of state resources, and 
revise archaic and rigid regulations. 

Several case studies are presented that 
highlight successful state programs. Both 
state and Institutional perspectives are 
included on the following topics: appropri· 
atlon controls, regulatory disincentives. 
incentives to management flexibility 
through deregulation, administration of 
local revenue. and the budgetary process. 

Copies of this publication are available 
for $5 from NACUBO, P.O. Box 35024, 
Washington, DC 20013. 
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Recommended 
Reading 
An Annotated Bibliography of the Col
lege Union, vol. 4, ed. by Nancy T. Davis. 
Bloomington, Ind.: Association of College 
Unions-International, 1984. 155 pp. 

Want to be Published? 

This bibliography includes 659 reference 
listings covering all aspects of college 
unions and student activities centers. Of 
particular interest to physical plant admin
istrators are chapters 2 and 3. Chapter 2, 
Planning the College Union. has select 
entries on design, remodeling, and renova
tion of the college union. Chapter 3. Operat
ing the College Union, includes sources on 
providing energy. equipment. and mainte
nance for th e college union. This book ls 
available from the Association of College 
Unions-International, 400 East Seventh 
Street, Bloomington, IN 47405: 812/332· 
8017. 

• • • 
The Directory of Indust rial Heat Processing 
and Combustion Equipment, 1984-1985. 
Published for the Industrial Heating Equip· 
ment Association. Atlanta: The Fairmont 
Press, Inc., 1985. 180 pp. $25. softcover. 

This book Is an excellent source for those 
seeking information on heat processing and 
combustion equipment. The first seventy 
pages contain advertising for manufacturers 

If you would like to submit a professional 
management or technical paper to FacJlJttes 
Manager, the following information should 
help you prepare your article. 

1. Articles are needed on all subjects 
relating to the facilities management func
tions at colleges, universities, school dis
tricts, hospitals, state and federal buildings, 
commercial properties, and military bases. 
Articles dealing with easily-adaptable 
techniques or solutions stand the best 
chance of being accepted for publication. 

2. All articles submitted to FacJlJttes 
MaDilger must be original and previously 
unpublished. Adapted speeches or other 
presentations are acceptable. as long as they 
have not been published in conference 
proceedings. Simultaneous submissions are 
not accepted. Articles from consulting firms 
and other companies are welcome but 
cannot be proprietary in nature. 

3. If you are unsure about a topic's 
suitability for FacJlJttes Manager. send a 
query letter briefly outlining your article 
idea and the manner in which you plan to 
present It. 

4. All articles must be typed. double
spaced. or they will be returned unread. 
Articles should be between IO and 25 pages 
in length. 

5. Footnotes. end notes. and btblio-

graphtes are accepted if they add to the 
substance of the article. FacJlJttes Manager 
follows The Chicago Manual of Style in all 
questions of style and format. 

6. Illustrations are welcome and strongly 
recommended. Figures, graphs, charts, 
printouts, etc .. must be camera-ready and in 
black-and-white. Photographs should be 
crisp, high-contrast black-and-white glos
sies, either 5" x 7" or 8" x IO". Art will not 
be returned unless specifically requested by 
the author. 

7. Submit two clean copies of the manu
script to Steve Howard, Editor. FacJlJttes 
Manager. 1446 Duke Street. Alexandria, VA 
22314-3492. All articles are reviewed by 
APPA's Professional Affairs Committee, 
w hose decisions are final. All articles 
should be accompanied by a self-addressed. 
stamped 9" x 12'' envelope. Authors will 
receive a response in four to six weeks. 

8. Authors are unpaid but will receive 
reprints of their published article or copies 
of the magazine. They may also subscribe 
to Fadllttes Manager at half price. 

9. If you have any questions or require 
furth er in formation, call Steve Howard at 
703/684-I 446. 

IO. Good luck! We look forward to 
reading your manuscript. ■ 



NOW. A BUUTIFUL WAY TO 
SLASH LIGHTING EXPENSE. 

PROBLEM: 30-50 percent of your 
lighting bill is probably wasted. Why? 
Because people forget to use light 
switches. 
SOLUTION: LIGHT-O-MATIC™ is the 
answer. The best way to reduce lighting 
expenses is to tum off lights whenever 
a room is unoccupied for five minutes 
or more. Although people forget, 
LIGHT-O-MATIC remembers. Every 
time. Our practical control knows if 
people are in a room or not. Lights are 
turned on or off, automatically. Money 
is saved. And it's more convenient than 
a wall switch. 
SAVINGS: LIGHT-O-MATIC will control 
lighting and other electrical devices, too. 
Savings in lighting, alone, are dramatic: 

Individual Offices 45% Classrooms 40% 
Meeting Rooms 55% Stock Rooms 60% 
Corridors 35% Warehouses 75% 

LIGHT-O-MATIC also saves more and 
costs less than programmable controls 
or daylight dimming controls. Ask us 
to prove it. 
HANDSOME APPEARANCE: LIGHT-O
MATIC was designed for use in the 
most attractive offices. It is installed in 
an inconspicuous place on the ceiling . 

Other sensors look ungainly or must be 
mounted in the center of the room. 
QUALITY: Every LIGHT-O-MATIC 
sensor must pass a stringent series of 
g-1:_1ality tests before it is shipped. 
While most manufacturers offer war
ranties of only one year, we provide a 
three-year warranty. 

LIGHT-O-MATIC has been used suc
cessfully by sophisticated business, 
educational and government organiza
tions since 1978 when the first models 
were purchased by Bell Telephone. If 
you would like to know how we can 
help you, mail this coupon today. .. ------------!!I I ~~vi~s, Inc. IUGHT-[l~l•4~•(tlll 
I 16~ Euclid Street MAKES THE uGHT s wrrcH OBSOLETE I 

Santa Monica, CA 90404 

I □ Please send LIGHT-O-MATIC brochure. I 
I □ Pl~ase arrange a IO-minute demonstration in my I I office. I 
I Name ____ _ _ _ Title ___ I 
I Organization __________ I 
I Address ___________ I 
I City _______ State ____ I 
I Zip _____ Phone ______ I 

D I am a conservation distributor interested in selling your products. 
._ ____________ .. 

© Novitas, Inc. 1984. All rights reserved. 



Maintenance Has a New Tool. .. 

CAMS II 
A COMPUTERIZED 
MAINTENANCE SYSTEM 

Better than a wrench ... an o il can ... even 
the best mechanic you ever had ... because 
it tells you how to use them all and then 
makes you do it! 

We all know that both buildings and equipment 
last if well kept ... trouble is, most ma intenance is far 
from perfect. 

That's why you should take a look at our CAMS-II 
Maintenance System. It's designed to organize and 
control Facility Work Orders ... to protect and extend 
the life of all your buildings and every piece of 
equipment in them. CAMS-II makes sure you do it a ll 
... beautifully. It's doing it for institutions all over 
America. 

A Subsidiary of Royal Services. Inc. 

a lflcilities 
~nager 
Alexandria. Virginia 22314-3492 

For a brochure that te lls you 
how it works, coll us or write: 

Creative 
Maintenance 

Systems, Inc. 
400 Riverside Avenue Jacksonville, FL 32202 
Co ll 1-800-874-5554 In Florido 1-800-342-5954 
Local 904-355-2745 

Nonprofit 
U.S. Post Paid 

Washington, DC 
Permit No. 827 


