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PREFACE 

As a result of technological advances in the pas t two decades , new 
control devices and control s trategies have been developed for heating , 
venti lating , and air- conditioning that promise 1 )  improved environmental 
conditions in occupied spaces ; 2 )  reduced energy consumption in build
ings ; and 3) increased control - sy�tem rel iab ility . The technological 
advances have been largely driven by the development of computer -based 
controls  and control s trategies . As a result of thes e  developments it 
is  likely that the next decade may wel l  see the complete replacement of 
traditional pneumatic and e lectric controls with electronic computer 
based control systems . This evolutionary change, however, has caused 
and wil l  continue to cause some difficulties for end users in both the 
private and the public sectors . 

Because of  the problems encountered by federal agencies over the 
past 15 years , the sponsoring agencies of the Federal Construction 
Counc i l  asked the Building Research Board of the National Research 
Counc i l  to establish a commi ttee to investigate the s ituation . In the 
course of its investigation the committee explored the following issues : 

• Why have federal agenc ies had difficulties with controls  and 
control sys tems? 

• Are the experiences of federal agenc ies different from those of  
the private sector, and, if  so,  why? 

• What will  the future bring in the way of new control systems ; 
what problems wil l  be caused by these future changes in controls ; and 
how can the construction industry in general and the federal agencies in 
particular minimize future problems? 

• What are the reasons, if they can be discerned, for the 
particular problems experienced by federal agenc ies in the past? 

• How can federal agencies best  cope with the evolving control 
technology in order to obtain the benefits of the emerging systems while 
avo iding the types of problems that have been experienced in the past? 

In address ing these issues, the commi ttee was seeking answers to the 
broader ques tion of how federal agencies can util ize the new technology 
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without incurring an increased risk of receiving control ayatema that do 
function properly or can not be maintained econoaically over a long 
period of tiae. 

With restricted financial resources, the co .. ittee was unable to 
conduct original research. It relied primarily on the collective 
experiences of ita aemberahip, input froa federal agency liaison 
members, and discussions with designers, manufacturers, and installers 
of control systems. 

The committee is grateful for the help of the Building Research 
Board staff and, in particular, Henry Borger, Executive Secretary of the 
Federal Construction Council, and Joann Curry and 
Lena Grayson for their secretarial assistance. The committee is also 
grateful to the liaison members of the federal agencies who were aost 
helpful in summarizing the control issues that they have faced in the 
recent past. 

Finally, on a aore personal note, I would like to express my thanks 
to the entire committee for their professional response to difficult 
questions, for the time they spent discussing the issues with other 
members of the construction industry to ensure that all significant 
viewpoints were expressed, and, most important, for developing the 
conclusions included with this report in a collegial and open fashion. 

Donald E. Ross 
Chairman 
Committee on Controls For Heating. 

Ventilating, and Air-Conditioning 
Systems 
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1 

EXECUTIVE SVMMARY 

Since the late 1970s, federal agencies have experienced numerous 
problems with controls used in heating, ventilating, and 
air-conditioning (HVAC) systems. As a result, federal agencies have 
taken or are considering a variety of actions aimed at eliminating or 
minimizing the problems. However, the advisability or effectiveness of 
many of these actions has been questioned by some agency officials as 
well as some consulting engineers and control manufacturers. Therefore, 
the agencies that sponsor the Federal Construction Council asked the 
Building Research Board to form a committee to further review the · 

situation. 
The committee met six times in the course of the study. Two of the 

meetings were with representatives of manufacturers of controls and 
other organizations having an interest in the subject. 

The committee found the study difficult because of the inherent 
complexity of the subject and because there are a number of potentially 
significant changes taking place or being considered that could 
drastically change both the technology and the acquisition process for 
HVAC controls. In its investigation the committee reviewed the state of 
the art in HVAC controls, analyzed basic issues involved, critiqued 
various actions taken or contemplated by federal agencies to solve their 
HVAC control problems, and explored additional remedies agencies might 
consider. 

STATE OF THE ART 

During the past 20 years automatic controls for HVAC systems have 
changed dramatically. The two main driving forces behind the speed-up 
in the normal evol utionary process have been higher energy costs, due to 
the l arge price increases that occurred in the 1970s, and the 
availability of increasingly sophisticated digital computers and 
microprocessors at l ower and lower costs. 

The state of the art in building controls is best understood by 
looking at three perspectives: (1) local l oop control s, (2) energy 
management and control systems, and (3) a combination of local loop 
controls and energy management and control systems. 

1 
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Local loop controls refer to the control systems for individual 
elements such as air conditioning units and heat exchangers . These 
types of controls usually operate independently from one another and may 
or may not be connected to a central control system . 

Energy monitoring and control systems ( EMCS ) , which are also known 
as energy management sys tems , are centralized , building -wide systems 
that control energy -using equipment through a combination of global and 
independent strategies . An EMCS was originally a separate entity from 
the local loop controls . Today , however , there is a trend towards a 
b lending of the two types .  

A combination of local loop controls and energy management and 
control sys tems usually manifests itself today in the form of an EMCS 
having remote panels that are capable of local loop control .  

By far the mos t  significant recent development in HVAC control 
technology is the emergence of the direct digital control ( DDC ) concept 
in which local digital processors are used to perform controlling 
actions in liew of pneumatic or electronic analog devices . Introduced 
to the commercial building market in the late 1970s , DDC is in the 
process of revo lutioniz ing the HVAC controls indus try . 

Direct digital control is based on the use of microprocessors which 
can be programmed to perform a variety of control functions ranging from 
local loop control to energy management .  Manufacturers of packaged HVAC 
components like chillers , boilers , and air-handl ing equipment are also 
beginning to supply their equipment with factory - ins talled DDC 
controllers . The use of DDC is hampered by the fact that there are no 
industry s tandards for communications protocols for HVAC controls . 
Consequently , DDC controllers of different manufacturers cannot be 
interchanged or interconnected . 

OVERRIDING ISSUES 

The committee identified three issues as be ing of overriding 
importance because they deal with the fundamental ques tions of whether 
federal agenc ies need to take any special action to correct the problems 
they have experienced with HVAC controls and , if so , what the general 
direction of those  actions should be . The three is sues were: (1 ) 
whether HVAC control problems are serious enough to j ustify federal 
action ; ( 2 )  whether HVAC problems are inevitable and thus unavo idable in 
the current c ircums tances ; and ( 3) whe ther federal agencies have 
experienced more problems than private owners , and , if so , why? 

The committee ' s  conclus ions were that : ( 1) the HVAC control 
prob lems being experienced by federal agenc ies are indeed serious enough 
to warrant act ion by federal agen�ies ; ( 2 )  while many o f  the problems 
agencies have experienced might have been inevitable , and thus 
unavo idable , when new control technologies ( particularly technology 
involving the use of microprocessors ) were firs t be ing appl ied , they are 
no longer inevitable ; thus e fforts by federal agenc ies to improve the 
s i tuation will not necessarily be in vain ; and (3) federal agencies have 
experienced more problems with HVAC controls than private owners , which 
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suggests that agenc ies might solve some of the ir problems by adopting 
appropriate practices from the private sector . 

CRITIQUE OF FEDERAL ACTIONS AND PLANS 

Because of their concern about continuing serious HVAC control 
problems , several federal agencies have taken or have proposed to take 
drastic act ions during the past few years to try to correct the 
s i tuation . As part of its investigation , the committee reviewed the 
most  notable examples of such actions ; specifically : 

• The issuance by the Air Force o f  a directive ( Engineering 
Technical Letter 83-1) requiring consulting engineers* to develop highly 
detailed HVAC control drawings when des igning HVAC sys tems . The Air 
Force ' s  obj ectives were to minimize uncertainty during construction 
about what is needed and to ensure that Air Force maintenance personnel 
receive good control drawings . The resul t of the directive was to 
trans fer to consulting engineers respons ib ility for detailed design work 
that traditionally has been performed by control system vendors , and in 
particular respons ibility for developing control drawings that can be 
used for maintenance as well as installation . 

• The development by the Army ' s  Cons truction Engineering Research 
Laboratory ( CERL) of a family of s tandard control sys tems and standard 
control panel s  to be used in l ieu of proprietary sys tems and panels . 
The panels , which are the key elements of the sys tems , are generic 
electronic analog devices that can be supplied by any control manufac 
turer that chooses to make them . Among the benefits CERL claims for its 
s tandard systems and panels  relative to comparable proprietary products 
are : (1) eas ier maintenance due to the use of standard control s trate 
gies and the incorporation of features to facilitate maintenance ; ( 2 )  
reduced maintenance due to the use o f  high qual ity components and s im
pl ified control s trategies ; and (3) better performance through use of  
high quality components .  The Air Foree has indicated that it  intends to 
require the use of the CERL systems and panels on its proj ects . The 
Army has funded the development of another family of standard systems 
and control panels by a private consulting engineering firm ;  the Army 
panels differ from the CERL panels in several respects , but the funda
mental difference is that they employ microprocessors . The adoption of 
e i ther the CERL/Air Force approach or the Army approach would have the 
effec t  of making HVAC controls a generic commodity like bricks or 
lumber . 

*Not all HVAC systems in federal building are des igned by consulting 
engineers . For example , some sys tems are des igned by engineers employed 
by architectural firms and some systems are des igned by government 
personnel . However , s ince the vas t maj ority of sys tems are designed by 
consulting engineers , designers of HVAC sys tems are referred to as 
consulting engineers throughout this report . 
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• The development of special procurement procedures by several 
agencies aimed at making it pos s ible for the government to cops ider such 
factors as performance and maintainability as well  as price when 
procuring HVAC control sys tems . 

• The imposition by a number of agenc ies of bans on the use of 
direct digital controls ( DDC ) - - the latest development in control 
technology . Originally , the bans were imposed because of concern about 
the reliability of DDC sys tem , th� bans have been continued b�cause of 
other concerns , but especially the fear that DDC sys tems will be 
expens ive to maintain because they are complex and proprietary . 

In general , the committee shares the agencies ' concerns about and 
dissatisfaction with HVAC controls . However the committee has serious 
reservations about the wisdom of two of the actions that federal 
agencies have taken or have proposed to take to correct the s ituation ; 
specifically : 

• The committee does not bel ieve that consulting engineers should 
be required to develop des ign drawings that are suffic iently detailed to 
be used for repair and maintenance purposes . The committee agrees that 
agenc ies need and deserve to have such drawings ; however , it bel ieves 
that they should be provided by control vendors , not by consulting 
engineers . 

• The committee does not bel ieve that the idea of  federal agenc ies 
developing s tandard nonproprietary control systems and control panels 
for use on the ir proj ects is practical or that it would provide the 
benefits agenc ies expect . 

The committee generally agrees with the other two actions that have 
been taken by federal agencies ; i . e . , the use of spec ial procurement 
procedures for energy monitoring and control systems and the temporary 
ban on the use of direct digital control systems . However , the 
committee bel ieves that agencies need to cons ider even more changes in 
the ir procurement procedures ( as discussed in the next chapter )  and that 
the ban on DDC should be removed as soon as poss ible . 

PROPOSED ADDITIONAL REMEDIES 

While the committee doubts the efficacy of some of the corrective 
actions be ing cons idered by federal agencies and bel ieves that other 
actions that have been proposed or implemented do not go far enough , it  
recognizes that agencies still  have serious problems with HVAC controls 
that mus t be addressed . The committee , therefore , explored the 
following additional steps that the agenc ies might cons ider . 

1. Making Ful ler Use of HVAC Consulting Engineers 

The committee conc luded that the relatively lower rate of HVAC 
control problems on private projects can be attributed at leas t in part 
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to the fact that the consulting engineers who design private systems 
play a larger role in the des ign and cons truction process  than des igners 
do on federal proj ects . The committee therefore developed the following 
recommendations: 

a .  Agenc ies should encourage consulting engineers to propose the 
use of control schemes and devices other than those covered in agency 
des ign manuals  and guide spec ifications whenever they believe the 
government would benefit . Agenc ies should cons ider proposed deviations 
from es tablished des ign standards consc ientious ly and expeditiously . 

b .  Agenc ies should require consulting engineers to write 
performance spec ifications that rigorously define the location and the 
accuracy of the instrumentation to be furnished for a particular control 
function ; the precise control sequence required for the system ( e . g . , 
when a damper or valve should open and what should cause it to open) ; 
and the exactly defined result to be provided by the control sequence in 
actual operation 

c .  Agenc ies should retain HVAC consulting engineers to observe the 
ins tallation of the ir sys tems , to answer questions that arise during 
cons truction , and to help ensure that the ir sys tems are ins talled and 
tested properly . 

d .  Agenc ies should retain HVAC consulting engineers to observe the 
start up of the ir systems and the training of agency operators to ensure 
that the systems are made fully operational before they are turned over 
to the government and that agency personnel are properly instructed in 
accordance with the project spec ifications . 

2 .  Ensuring the Qual ification of HVAC Consulting Engineers 

The committee concluded that some recent control problems have 
occurred because some consulting engineers have an inadequate 
understanding of control theory in general and modern digital controls 
in particular . The committee further concluded that if agenc ies are 
go ing to re ly more heavily on consulting engineers than they do 
currently to help ensure that they get HVAC systems and controls that 
work properly , as the committee has recommended , agencies mus t make a 
spec ial effort to ensure that the consulting engineers they use are well  
qual ified . Taking into cons ideration the fact that most HVAC consulting 
engineers are subcontractors to architectural firms having prime des ign 
contracts , the committee recommended that agenc ies base the award of 
prime des i gn contracts in part on the qualifications of the HVAC 
des igners identified on the Standard Forms 2 5 5  submitted by firms 
seeking prime design contracts . The committee also recommended that 
agencies : (1 ) indicate in the ir announcements of need for des ign 
services that the qual ifications of HVAC des igners - - and in particular 
the ir knowledge of controls - -will be a maj or cons ideration in the 
contract award ;  and ( 2 )  carefully review the information submitted 
regarding the qual ification of HVAC des i gners and the ir work on previous 
projects when selecting a prime des i gn firm . 
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3. Developing More Effective Des ign Criteria and Guide 
Specifications 

Most federal agenc ies publ ish two types of standards dealing with 
the des i gn of  buildings and building systems ( including HVAC systems ) : 
des ign criteria and guide spec ifications . These general s tandards 
compl iment the projec t - specific criteria that agencies develop for each 
individual projec t .  Des ign criteria and guide spec ifications serve 
several important funct ions for federal agenc ies : They es tablish 
minimum requirements , they help ensure that errors made and problems 
encountered on one project wi l l  not be repeated on subsequent projects , 
they identify sui table types of products , and they minimize the 
l ikel ihood of prote s ts from contractors and manufacturers because of 
violations of federal acquis i t ion regulations . 

The committee concluded that whereas the federal approach of 
requiring architects and engineers to follow agency des ign criteria and 
to use agency guide specifications general ly has produced satisfactory 
results , it  has no t worked we ll in recent years with regard to HVAC 
control s  primar ily because HVAC control technology has been evolving 
very rapidly . The commi ttee bel ieves that the key to cop ing with 
rap idly changing technology is to adjus t quickly and decis ively to 
changes. Unfortunately , the government ' s  criteria and spe c ification 
development process is inherently cumbersome and time consuming , and 
thus slow to react . 

The upshot is  that government agenc ies are in a predicament for 
which there is  no easy solution . They cannot change their des ign 
criteria and guide specifications quickly enough and often enough to 
reflec t  changes in the technology , but they cannot dispense wi th the ir 
des ign s tandards without risking a mul ti tude of protes ts and disputes on 
every project . 

While the committee does not see any complete solution to the 
agenc ies ' dilemma , i t  has recommended the following interim s teps to 
help the s i tuation until the rate of change in HVAC control technology 
decreases to a reasonable level: 

a .  Agenc ies should modify the ir direc tives to HVAC consul ting 
engineers to encourage them to propose the use of sys tems and 
requirements that differ from agency des ign criteria and guide 
specifications whenever they believe the government would benefit . 

b .  Agencies should establish mechanisms for quickly reviewing and 
ac t ing on requests from consul t ing engineers for waivers from the 
provisions of published des ign criteria and guide specifications . 

c .  Agenc ies should adopt the practice of reviewing and updat ing 
HVAC des i gn criteria and guide spec ificat ions annual ly to incorporate 
recent changes in control technology. 

Final ly , the commi ttee believes that the current guide 
spec ifications of some agenc ies may be unnecessarily permi ss ive with 
regard to HVAC control s .  Therefore , the committee recommends that 
agenc ies review the ir guide speci fications to determine i f  some 
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additional restr ictions and requirements aimed at improving the qual ity 
and maintainab i l ity of controls ins talled on government proj ects might 
be in order ; e . g . , see quality - related requirements in ETL 8 3 -1 .  

4 .  Ensuring the Qual ification of Installers of HVAC Control Systems 

The one factor that was mentioned frequently by HVAC specialists 
from whom the committee rece ived input as a cause of problems with HVAC 
controls in federal buildings was the failure of  federal agencies to 
restrict b idders on government projects . However , the Federal 
Acquis ition Regulations ( 48 CFR CH 1, part 9) actually require 
contracting officers to ensure that an organization be ing cons idered for 
a contract award is  " respons ible "  ( i . e . , fully qualified to fulfill  the 
contract ) . 

It would appear , therefore , that contracting officers already have 
sufficient authority to ensure that contractors and subcontractors on 
government projects are qual ified . The committee has recommended that 
agencies use that authority ful ly with regard to installers of  HVAC 
control systems . 

5 .  Promoting the Development of  Control Standards 

One of the main concerns agenc ies have about us ing proprietary HVAC 
control systems for which all components are suppl ied by a s ingle vendor 
is that once such a system is installed , all spare parts ( and in some 
cases all repair service ) and all parts to expand the system must be 
obtained from the original vendor . This s ituation el iminates 
competition , which the agenc ies believe increases the ir maintenance , 
repair , and alteration costs . 

The problem is  not serious with traditional pneumatic and e lectronic 
analog controls  because the components of the various manufacturers of 
such systems often are s imilar enough that they can be intermixed 
without too much difficulty . The problem is very serious , however , with 
modern highly integrated digital control systems . The components used 
in these systems employ microproces sors that respond to and/or generate 
spec ific digital s ignals , and unless the s i gnals are in prec isely the 
right form they are meaningless to the microprocessors . The rules that 
define the nature and meaning of the s ignals  used in a control system 
are known as protocols . Currently , the digital -based control components 
of different manufacturers cannot be mixed and interconnected because of 
the absence of standards for control system protocols . 

The committee concluded that the development of protocol standards 
for HVAC controls would be of great benefit to all building owners , 
including federal agenc ies . In fact , the committee believes that the 
development of  open protocols is the s ingle most press ing need with 
regard to HVAC controls . 

The committee recognizes , however , that the deve lopment of  a 
protocol standard would be a very difficult task . Not only would the 
effort be technically challenging , but it would also generate heated 
disputes among the var ious control manufac turers . In the c ircumstances , 
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there is no assurance that the effort would be successful . However , the 
potential benefits are suffic iently great that federal agenc ies ought to 

encourage and support the initiation of the e ffort . 
Of the various protocol - development projects reviewed by the 

committee , the one proposed by the Inte lligent Bui lding Institute ( IBI ) 
would appear to have the best chance of producing worthwhile results in 
a reasonable period of time . The committee has recommended , therefore ,  
that agenc ies give favorable cons ideration to requests from IBI for 
financial support . However , the committee also recommends that the 
American Society of Heating , Refrigerating , and Air - Conditioning 
Engineers and the National Bureau of Standards also be involved in the 
effor t . 

6 .  Us ing a New Approach to Contracting for Maintenance 

In recent years , more and more federal agenc ies have been 
contrac ting for building maintenance and repair work , especially for 
complex items like HVAC control systems . Three factors have contributed 
to this trend : The growing complexity of building systems , reductions 
in government staff levels , and increased emphas is on the government 
pol icy to procure goods and services from the private sector whenever it 
is cost effective . Consequently , the committee looked for ways of  
improving agency procedures for contracting for the maintenance and 
repair of HVAC controls . 

After analyz ing the s ituations , the committee concluded that the 
best organization to get to maintain a control system would be the 
original manufacturer s ince its personnel should know better than the 
personnel of any other organization how the system was installed and how 
it should function . Indeed , with some espec ially sophisticated systems 
it is pos s ible that only the original manufac turer has the knowledge 
needed to maintain it . However , if the original manufac turer is hired , 
it would be a sole - source procurement , which is almost always more 
expens ive than a procurement involving competition . 

To reduce the cost of such maintenance contracts , the committee has 
recommended that agenc ies try an approach in which manufacturers are 
required to include the cost of long term service ( e . g . , 5 years ) in 
the ir b ids for supplying the system initially - -the objective be ing to 
force manufacturers to compete on service cost as wel l  as first cost in 
order to win an installation contract . 

7 .  Develop ing and Maintaining Federal Expertise in Controls 

Even though federal agenc ies depend heavily on private consulting 
engineers , manufacturers , and contractors to des ign , manufacture ,  
ins tall , and maintain HVAC control systems , the committee bel ieves that 
agenc ies need to have at least a few full time employees who are experts 
in HVAC controls to perform such functions as preparing des ign criteria , 
writing guide spec i fications , evaluating the capabilities of  consulting 
engineers seeking des i gn contracts, reviewing proposed system designs , 
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evaluating vendor proposals , inspecting and testing completed systems , 
evaluating the work of maintenance contractors , and generally helping to 
resolve problems that occur . To ensure that agencies retain an adequate 
level of in-house expertise , the committee has recommended that agencies 
form spec ial permanent teams of HVAC control experts to handle all 
important tasks relating to the acquisition of HVAC controls . 
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2 

INtRODUCTION 

S ince the late 1970s , federal agencies have experienced numerous 
problems with controls used in heating , ventilating , and air - conditioning 
( HVAC) systems . The nature and causes of these problems have been 
discussed in two previous Federal Construction Council ( FCC ) reports ( FCC 
Standing Committee on Mechanical Engineering , 1981, and FCC Consulting 
Committee on Energy Monitoring and Control Systems , et al , 1984) and in a 
paper on the results of a laboratory s tudy of HVAC systems by the Army ' s  
Construction Engineering Research Laboratory (Hittle , et  al , 1982). 

Faced with evidence of widespread problems with HVAC controls , federal 
agenc ies have taken or are cons idering a variety of actions aimed at 
eliminating or minimiz ing the problems . However , the advis -
ab ility o r  effect iveness o f  many o f  these actions has been questioned by 
some agency officials as well as some consulting engineers and control 
manufacturers . Therefore , the agencies that sponsor the Federal Con
struct ion Counc i l  asked the Building Research Board to form a committee to 
further review the s i tuation and , if pos s ible , to recommend guide -
l ines for selecting HVAC controls for federal buildings that would help 
ensure that federal agenc ies rece ive effective and reliable controls . 

HOW THE STUDY WAS CONDUCTED 

The committee met s ix times in the course of the study . The first 
meeting was devoted to a review of  the concerns of the federal agenc ies 
and the obj ectives of  the committee . At the second meeting the committee 
rece ived briefings from representatives of  seven manufacturers of controls 
or related HVAC equipment : American Automatrix , Andover Controls , 
Carrier , Honeywell , J ohnson Controls , MCC Powers , and Trane . Each 
manufacturer was asked to discuss  seven questions : 

1. Where will the control bus iness be in two to five years? 
2. What product developments are expected to influence the types of  

control sys tems that could or should be purchased by government agencies 
for federal buildings in the future? 

3. Where will conventional electric or pneumatic controls find 
appl ication in the future?  
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4 .  When and how will direct digital control ( DDC) technology 
replace conventional controls and at what risk , if any , to the 
fac ility ' s  owner? 

5 .  Where should computer based technology be appl ied and where 
should it not be employed? 

6 .  Are open protocols l ikely to be developed in the future , and 
what are the advantages and disadvantages of such protocols?  

7 .  Why have government agenc ies experienced operating problems in 
the pas t  and how can they be averted in the future? 

The Committee also received written responses to these questions 
from Garra Tech . Ltd . 

At the third meeting the committee heard presentations by the IBM 
Corporation on their efforts to link building control systems through a 

"General Purpose Automation Executive " ( GPAX) system and by the Army's 
Construction Engineering Research Laboratory on the results o f  the ir 
tests of HVAC controls and systems . 

Subsequent meetings were devoted to reviewing and analyz ing 
information assembled by the committee in preparing this report . 

ORGANIZATION OF THE REPORT 

Under any c ircumstances a s tudy of HVAC controls would be 
challenging inasmuch as HVAC control technology is inherently complex 
and the process through which HVAC control sys tems ( l ike all sys tems in 
buildings ) are des igned and ins talled is very compl icated . The subj ect 
is espec ially difficult now , howe�er , because there are a number of 
potentially significant changes taking place or be ing cons idered that 
could drastically change both the technology and the acquis ition process 
for HVAC controls . The s i tuation is further compl icated by the fact 
that some of these changes are be ing promoted by various federal 
agencies while others are occurring independently of ( o r  in spite of) 
the polic ies of federal agenc ies . S imilarly , some of the changes would 
tend to complement each other while others are mutually exclus ive . The 
upshot is that the committee experienced cons iderable difficulty coming 
to grips with the problem and then presenting its views clearly . 

Eventually the committee settled on an organization involving , 
firs t , a review of  the state of the art in HVAC controls ; second , a 
discussion of three bas ic issues of overr iding importance ; third , a 
critique of various actions taken or contemplated by federal agencies to 
solve the ir HVAC control problems ; and final ly , a discuss ion of remedies 
proposed by the committee . 

TERMS OF REFERENCE 

Because the subject of HVAC controls is so complex and the time and 
resources available for the study were l imited , the committee had to 
es tablish boundaries on its investigation and report ; spec ifical ly : 
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1. The committee accepted as fact the assertions of  federal agencies 
that they have frequently experienced difficulty getting HVAC controls 
to operate as expected and keep ing them maintained . The committee 
accepted the agenc ies assertions on these points first because it  would 
have been prohibitive ly expens ive ( if not imposs ible )  to verify them 
independently , and second because they were not at odds with the 
personal experiences of the committee members . However , the committee 
did examine the symptoms and reasons for the problems and whether 
government agenc ies have experienced more problems than private owners . 

2 .  The committee has included only a broad general review of  HVAC 
control technology . The committee assumed that mos t  readers of  the 
report would have sufficient general knowledge of the subj ect to 
understand the technical issues being discussed without a detailed 
explanation of  the bas ics . Furthermore , the subj ect is too complex to 
be covered in detail a report l ike this one . A glos sary of some key 
HVAC control terms has been included as an appendix for those readers 
who are not famil iar with the terminology . 

3. The committee has focused on controls for HVAC sys tems in 
buildings that are des igned on the bas is of proj ect - spec ific occupancy 
needs . These engineered buildings include mos t  buildings other than 
s ingle - family res idences . The report encompasses all types of  controls 
used in engineered buildings , including energy monitoring and control 
systems . 

4 .  The committee has addressed both technical and nontechnical 
aspects of  the subj ect . The committee found that the technology of  HVAC 
controls and the processes by which controls are des igned , procured , and 
installed are so intimately l inked that it is not feas ible to cons ider 
one without cons ider ing the other . However , except with regard to 
certain specific issues , the report does not address the procurement and 
administrative processes of  individual agenc ies . Rather ,  it  addresses 
these aspects of  the subj ect in terms of  federal agenc ies 
in general . 

Finally , the committee wishes to emphas ize that many environmental 
problems in buildings are not related to HVAC controls and that other 
aspects of the subj ect also deserve study . 
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3 

StATE OF THE ART IN HVAC CONtROLS 

During the pas t 20 years , automatic controls for HVAC systems have 
changed dramatically . The two main driving forces behind the speed up in 
the normal evolutionary process have been higher energy costs , due to the 
large price increases that occurr�d in the 1970s , and the availabil ity of 
increas ingly sophis ticated digital computers and microprocessors at lower 
and lower costs . 

· Due to the extent and rapidity of  the changes that have occurred in 
HVAC control technology in the las t  two decades , there is currently some 
confus ion and disagreement about HVAC control concepts and terms , which 
makes the subj ect difficult to discuss . The committee has prepared this 
chapter primarily to explain its method of class ifying systems and its 
terminology for various control concepts . 

The committee recognizes that many readers will probably disagree 
with some of its view of the technology . ( Indeed the committee itself is 
not in full accord on all terminology . )  However , this is not a maj or 
concern s ince the committee is not recommending that its terminology be 
adopted by o thers . It is only important that the reader understand the 
committee ' s  meaning when various terms are used and concepts are 
discussed in subsequent chapters . 

OVERVIEW 

At this time , the s tate of the art in building controls  and automa
tion is bes t understood by looking at three perspectives : ( 1 )  local loop 
controls , ( 2 )  energy management and control sys tems , and (3) a comb ina 
t ion of  local loop controls and energy management and control systems . 

Local loop controls refer to the control system operating individual 
sys tems such as an air conditioning unit or a heat exchanger .  Thes e  
types o f  controls usually operate independently from one another and may 
or may not be connected to a central control system . 

Energy monitoring and control sys tems ( EMC S )  are also known as energy 
management systems ( EMS ) , engineering data and control sys tems ( EDCS ) , 
fac i l ities management systems ( FMS ) , and building automation sys tems 
( BAS ) . An EMCS generally denotes a centralized , building-wide sys tem ( or 
base -wide sys tem in the case of many mil itary ins tallations ) that 
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controls energy - us ing equipment through a comb ination of  global and 
independent s trategies . An EMCS was originally a separate entity from the 
local loop controls . Today , though , there is a trend towards a blending 
of the two types . 

A comb ination of  local loop controls and energy management and contro1 
systems usually manifests itse lf  today in the form of an EMCS having 
remote panels that are capable of  local loop control . Frequently , these 
local panels util ize direct digital control . 

LOCAL LOOP CONTROLS 

The s tate of the art in local loop controls can be viewed along the 
traditional l ines of : ( 1 )  electric , ( 2 )  pneumatic and ( 3 )  e lectronic 
controls . The mos t  recent change .in local loop controls is the 
appl ication of microprocessors in what is known as direct digital control 
( DDC ) . This las t category is a development of the e i ghties . 

Electric controls are usually cons idered to be of two types : ( 1 )  
two - pos ition electric switch devices , and ( 2 )  modulating potentiometric 
devices .  In terms of two -position electric controls , l i ttle has changed 
over the decades and the s tate of  the art is pre tty much the s ame today as 
it was 30 years ago . Potentiometric modulat ing controls underwent 
significant changes in the 1970 ' s  when the fragile balanc ing relay was 
replaced by a sturdy elec tronic equivalent . The heart of the modulating 
e lectric sys tem i s  the ac tuator , which today is a versatile unit .  I t  
accepts the traditional potentiometric input s ignal or a varie ty of  
modulating s ignals used in elec tronic control sys tems . 

Pneumatic control is a traditional form of control us ing compressed 
air in a pressure range of 3 to 15 psig to open or close a damper or 
valve . Pneumatic controls have changed l ittle in the last decade except 
for the widespread substitution of plastic components for metal 
components ,  which is viewed as an undes irable change by some people . The 
maj or developments in pneumatic controls have been the modulating fluidic 
devices introduced in the late 1960 ' s  and the modular devices introduced 
in the early part of this  decade . 

With the advances  be ing made in e lectronic and direct digital 
controls , traditional pneumatic controllers are be ing used less frequently 
in new proj ects . It would not be rash to proj ect that by the next decade 
pneumatic controllers might be manufac tured mos tly for spare parts and 
expans ion of exist ing sys tems , al though this  still  remains to be seen . 
Pneumatic actuators though , because of the ir low cos t , s impl ic i ty and 
re l iab i l i ty ,  will  undoubtedly cont inue to be used as much as ever even in 
e lectronic and direct digital control sys tems . 

Electronic control sys tems underwent maj or changes in the 1960 ' s  due 
to developments in solid state technology . Today ' s elec tronic systems 
have refinements made pos s ible by advances in integrated c ircuit 
technology ; however , electronic sys tems have not been popular for three 
reasons : ( 1 )  an electronic ac tuator has not yet been developed that is as 
fas t and rel iable as a pneumatic ac tuator , ( 2) tradi tional pneumatic 
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mechanically -minded building operating s taff , and ( 3 )  direct digital 
control is used in many s i tuations where e lectronic controls could find 
appl ications . 

A recent development in electronic control systems has resulted from 
work done by the U . S .  Army ' s Cons truction Engineering Research 
Laboratory ( CERL) . Responding to complaints of malfunctioning controls , 
CERL tes ted some commercially available controllers and carried out 
experiments to determine ways of address ing identified problems , such as 
controller inaccurac ies and ins tability ,  misappl ications , and improper 
maintenance . S tandardized electronic control panels have resulted from 
this work and are s tarting to be used by parts of the U . S .  Air Force . 
These panels are discussed in some detail in chapter 5 .  

By far the mos t  significant express ion of  the state of  the art is 
direct digital control ( DDC ) . Introduced to the commercial building 
market in the late 1970 ' s ,  DDC is in the process of revolutioniz ing the 
commercial controls industry . 

Direct digital control i s  based on the use of  a microprocessor 
programmed to duplicate the control functions of analog electronic or 
pneumatic controllers . Although early computer based systems used 
computer power res ident in a central process ing unit ( CPU) , the evolving 
technology and the decreas ing cost of the microprocessor has resulted in 
the development of smaller packages serving individual building systems 
and even individual control loops . The ultimate realization of this 
trend is the development of  the totally distributed DDC sys tem . In such 
a DDC sys tem , a microprocessor is directly in the control loop . The 
result is that the DDC controller is dedicated to a defined and l imited 
control function . The DDC controller rece ives , from the controlled 
sys tem , and transmits , to the controlled system , digital information . 
I t  uses the logic o f  the microprocessor to determine the particular 
control act ion to be taken . At this time , these controllers are highly 
proprietary to the sys tem manufacturer and mos t  mus t be programmed in 
the field . 

The trend is that the microprocessor is getting c loser to the 
individual control loop level , resulting in the development of  
application- spec ific control systems that are able to  communicate with 
other individual loops or with central ized units ins talled by the same 
manufacturer . Microproces sor -based control sys tems in the form of DDC 
controllers that are appl ication - specific are now offered as 
factory - installed elements with such equipment as chillers and air 
handl ing units . This packaging of  equipment and controls is a 
s ignificant change that is of maj or interes t  to the committee and will 
undoubtedly have cons iderable impac t  on the agenc ies and the ir 
ins tallations in the future . 

ENERGY MONITORING AND CONTROL SYSTEMS 

The state of the art in energy monitoring and control systems is 
bes t  seen along the l ines of : ( 1 )  system architecture , ( 2) distributed 
intel l igence , and ( 3 )  ins trumentation . 
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EMCS architecture has changed considerably since the first systems 
were developed circa 1970 . From a totally central ized des ign in which a 

central process ing unit ( CPU) was connected to various field points 
through mul tiplexers that provided communication to the CPU only , EMCS 
architecture has evolved to today ' s version which has multiple 
intel ligent ( i . e . , microprocessor based) stand- alone units connected 
toge ther on a local area network and needing no CPU at all . 

The CPU , i f  any , is often a personal computer used as a man-machine 
interface and not as an active source of the memory and intel ligence for 
the work carried out by the stand- alone field panels . 

Distributed intell igence is the state of the art in EMCS . 
Intell igent s tand- alone field panels can be programmed with portable 
programming units or by downloading from a CPU , if  one is provided . The 
availability of inexpens ive memory permits a user to program intelligent 
field units using a fairly high level programming language and to 
program many functions that go beyond s imple data gathering and 
equipment control .  I t  is pos s ible to enter complex s trategies to save 
energy , although some people prefer to remain with s impler strategies 
until the industry and users gain more experience . 

Energy control s trategies require accurate measurements of the 
variables involved .  This is caus ing the ins trumentation connected with 
today ' s  EMCS to be o f  a higher s tandard and also , to some degree , to be 
more standardized .  In particular , where open loop readings are needed , 
platinum res istance temperature detectors (RTD ' s ) , as contrasted with 
less expens ive nickel RTD ' s  or thermis tors , are finding wider 
appl ication . Moreover , the availab i l ity of increased intelligence in 
the DDC controller allows software to adj ust for the inaccurac ies 
inherent in certain ins trumentation as , for example , an orifice plate 
flow meter . In cases where flow readings are used to generate invoices 
for energy use , accurate devices such as vortex , turbine , or magnetic 
flow meters are used . In short , better qual ity , more rel iable 
instrumentation is finding its way into today ' s systems . This should 
improve sys tem performance in the future . 

Manufacturers have agreed , to a large extent , on the types of  input 
s ignals acceptable by the ir field panels ; the industry s tandard of a 
4 - 20 mA s ignal can be used with virtually every manufacturer ' s product . 
Consensus is still  required , though , on the raw res istance signal from 
an RTD . Accordingly , a particular RTD will not necessarily be 
acceptable to all manufacturers . Nevertheless , subs tantive improvements 
in the types of sensors be ing employed are occurr ing and some 
s tandardization is be ing experienced . Ultimately , full 
interchangeab ility of sensors may occur , although this  is not presently 
the case . 

LOCAL/CENTRAL COMBINATIONS 

The des ignation "local/central comb ination" can be used to examine 
the s tate of the art from four points of view : ( 1 )  mixed use 
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configurations , ( 2 )  standards , ( 3 )  communications protocols , and ( 4 )  
factory-mounted devices . 

The mixed- use configuration results from distributed intelligence 
and direct digital control and represents the state of the art today . 
In this configuration , the field panels used for DDC are the same remote 
field panels of the EMCS . With today ' s  lower electronic prices , this is 
frequently a more economical configuration than the combination of a 
traditional EMCS with standard pneumatic controls . 

Standards for combinations of local controls and EMCS boil down to 
four main items : ( 1 )  instrumentation , ( 2 )  control sequence , ( 3 )  
programming , and ( 4 )  communications . S tandards in instrumentation have 
already been addressed . 

Generally , control sequences are spec ified on a proj ect - by - proj ect 
basis  by the system des igners . Theoretically each sys tem could have a 
unique set of  sequences but in practice different designers generally 
specify similar sequences for a particular type of  sys tem . Accordingly , 
control sequences for a particular type of system often are quite 
similar from one proj ect to another ; however , there is , unfortunately , 
no industry standard ,  and two different designers may well develop 
different sequences for a particular sys tem . More important , there is 
no standard means to transmit a control sequence to a control 
manufacturer . Consequently , similar proj ects can look totally 
different , and be interpreted and installed differently . The 
programming aspect of  the computer for the EMCS raises other problems . 
For example , programming languages can vary widely from one manufacturer 
to another .  This can create user problems and discourage the user from 
mixing competing equipment on the same proj ect . 

Currently available EMCS and DDC sys tems of a particular 
manufacturer employ proprietary communication protocols . This prevents 
systems supplied by different manufacturers from talking to each other . 
Part of this communication incompatib i lity has been due to the fact that 
the use of digital controls in buildings is a relatively new idea and 
there is a wide diversity of opinions on the best approach to use for 
system architecture , the distribution and storage of information , and 
the implementation of  different control functions . 

Accordingly , each control company has developed its own system with 
differing architecture and different computers to drive the system . The 
lack of  compatibility between computers of different manufacture has 
been a fact of life in the computer indus try until the development of 
the IBM personal computer ,  which became the defacto industry standard 
when it took a maj or share of the marke t .  Even IBM , in its larger 
computers , is having difficulty developing a successful local area 
network to permit its machines to trans fer data or communicate with each 
other . In addition , it has been in the commercial interest  of  the maj or 
control companies to perpe tuate this s i tuat ion , s ince it resulted in 
the ir having cus tomers who , upon buying a control system , are unable to 
upgrade or expand it without going back to the original manufacturer . 
From the control company ' s  point of  view , this is good business ; from 
the customer ' s  po int of view it is undesirable because it locks him into 
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a particular suppl ier and prevents him from expanding or modifying his 
sys tem without go ing to the original vendor , which usually means paying 
higher prices due to the lack of competition . 

Beyond that , the lack of an industry s tandard in communications 
protocols prevents different manufacturer ' s  sys tems from sharing 
information effective ly . In addition , mult i -building owners are 
inhibited in their choices of equipment for expans ion ; they don ' t want 
to use different systems if they are not compatible , and they don ' t want 
to use the same manufacturer because of the pos s ibility of uncompetitive 
pric ing . 

IBM ,  as a mult i -building owner and a maj or user of  building control 
systems , has developed its own control s tandard . IBM ins ists however , 
that it is not intended as an indus try s tandard . The IBM standard is 
called Fac i lities Automation Communications Network ( FACN) . It allows 
PC -based control sys tems to communicate with an IBM Series 1 host  
computer us ing the D revis ion of an operating system called General 
Purpose Automation Executive (GPAX) . The present vers ion works only 
with an IBM Series 1 hos t  computer ,  which can interface with a total 
system through IBM or IBM- compatible PC computers . 

The fact is that the current s ituation in the computer based control 
industry , from a large EMCS to a multiple DDC type fac i lity , is one of  
proprietary communications protocols . The s ignificance of  this and 
pos s ible approaches to e liminating the existing s ituation , are discussed 
further in later sections of this report . 

As was noted previous ly , DDC controls are increas ingly be ing 
installed in the factory by manufacturers of chillers , air handl ing 
units , and other HVAC equipment . Factory mounted controls represent an 
area of  growing importance relative to the s tate of the art for two main 
reasons : Firs t , the use of modern controls tends to improve the 
performance of the equipment on which it is installed ; second , it offers 
an opportunity to tie such equipment into the overall HVAC control 
system . However , the absence of an industry standard for HVAC controls  
precludes owners from taking advantage o f  that opportunity . 
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4 

ISSUES OF OVEBRIDING IMPORTANCE 

In the course of its investigation , the committee identified three 
issues as being of overriding importance because they deal with the 
fundamental questions of whether federal agenc ies need to take any 
spec ial action to correct the problems they have experienced with HVAC 
controls and , if so , what the general direction of thos e  actions should 
be . The three issues , which are discussed separately below , are : ( 1 )  
whether HVAC control problems are serious enough to j ustify federal 
action ; ( 2 )  whether HVAC control problems are inevitable and thus 
unavoidable in the current circums tance ; and ( 3 )  whether federal agen
c ies have experienced more problems than private owners , and if  so why . 

SERIOUSNESS OF HVAC CONTROL PROBLEMS 

As indicated in the introduction , the committee does  not dispute the 
assertions of federal agencies that they have experienced numerous 
problems with HVAC controls . However , the committee did not accept as 
self evident that the problems be ing experienced are serious enough to 
warrant dras tic corrective actions - - such as those discussed in chapter 5 .  
Consequently , the committee made an effort to obj ectively evaluate the 
seriousness  of the HVAC control problems of federal agenc ies . 

Unfortunately , the committee was unable to find much data on such 
relevant factors as the amount of money agenc ies spend on repairing HVAC 
controls , the number or percentage of  HVAC control systems that are not 
operating properly , or the amount of energy being wasted because of  poor 
HVAC controls . In fact , the committee found only three papers that even 
addressed the subj ect obliquely : Hittle e t  al ( 19 8 2 ) , Kao ( 19 8 5 ) , and 

* 
FCC Consulting Committee on Mechanical Engineer ing ( 19 8 1 ) . 

* 
The liaison member from the Corps of Engineers reported that the 

Army ' s  Construction Engineering Research Laboratory had sponsored a 
detailed field s tudy of HVAC controls , which verified that a serious 
problem exists . However , he was not at l iberty to provide the committee 
wi�h a written report on the s tudy . 
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Hittle , e t  al ( 19 8 2 ) , reported that laboratory tests of various HVAC 
components had revealed numerous serious problems with such components , 
particularly controls . As discussed in the next chapter , these findings 
convinced the military agenc ies of the need to take action to improve 
the performance of the ir HVAC controls . 

Kao ( 19 8 S )  reported on the results of a computer analys is of the 
impact of various sensor errors in controls on a variable air volume 
HVAC system . Kao found , for example , that : 

• A sens ing error of SF on the low s ide in the return air dry-bulb 
temperature would result in a yearly waste of energy for cool ing of 
about 2 . S  percent . 

• A sens ing error of SF on the high s ide in the outs ide dew-point 
temperature would result in a yearly waste of energy for cool ing of 
about 3 . 0  percent . 

• A sens ing error of SF on the low s ide in the mixed air 
temperature would result in a yearly was te of energy for heating of 
about 30 . 0  percent . 

• A sens ing error of SF on the low s ide in the cool ing coil 
discharge air temperature would result in a yearly was te of  energy for 
heating of about 30 . 0  percent . 

Kao ' s  analyses  indicated nei ther the s ize of sensor errors l ikely to 
be encountered in actual operating sys tems nor the amount of energy 
was te that would result from control sys tem problems other than sensor 
errors . Nevertheles s , Kao ' s  results demonstrate rather dramatical ly 
that HVAC control problems can result in very subs tantial energy waste . 

The FCC S tanding Committee on Mechanical Engineering ( 19 8 1 )  reported 
on the results of a survey of the experiences  of federal agenc ies with 
2 1  variable - air -volume HVAC sys tems . The committee found that 
malfunctioning controls and variable - air -volume boxes were a cause of 
problems in 9 of 2 1  systems ( approximately 43 percent ) . Although the 
small s ize  of the sample makes the finding less than conclus ive , it  is 
nevertheless , s ignificant because it tends to subs tantiate the firm 
conviction of many federal agency engineers that the HVAC control 
problems are commonplace . 

In addition to looking for and reviewing published evidence , the 
committee also cons idered the experiences of various committee members . 
Those experiences tended to subs tantiate the views o f  federal agency 
personnel that the problems federal agenc ies have had with HVAC controls 
are very serious indeed . Consequently , even though the available hard 
evidence is somewhat meager , it together with the experience of  
committee members convinced the committee that the s ituation is serious 
enough to warrant decis ive action by federal agenc ies . 

INEVITABILITY OF HVAC CONTROL PROBLEMS 

As discussed in the previous chapter , HVAC control technology has 
undergone rapid changes in the pas t two decades . Inasmuch as a certain 
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amount of chaos is a natural by- product of rapid change (particularly in 
a fre e - market society )  the committee asked itself the somewhat philo 
sophical question of whether the HVAC control problems that agenc ies and 
others are experiencing are inevitable and thus unavo idable . This 
question is important because if HVAC control problems are inevitab le , 
efforts to avoid them are doomed to fail . 

The committee concluded that a large percentage of  the problems 
federal agencies and other owners have experienced in recent years were 
an unavoidable by- product of the adoption of  the new control techno 
logies being introduced . While agencies could have avo ided some prob 
lems by l imiting the use of  the new technologies , had they done so they 
would have had to forgo an apparent opportunity to save energy , and , 
given the government ' s  emphas is on energy conservation during the 1970s 
and early 1980s , that would not have been politically feas ible . 
Although with the benefit of hinds ight it is apparent that the agencies 
could have done some things better , it  is doubtful that they could have 
avo ided many of the control problems they have experienced . 

The fact that some of  the recent HVAC control problems may have been 
unavoidable is of historical interest , but it does not necessarily mean 
that agenc ies are doomed to continue to experience problems in the 
future regardless of their efforts to avoid them . Indeed , the committee 
believes that the two factors that made problems inevitable - - rapid bas ic 
changes in the technology and political and economic pressure to adopt 
energy - saving ideas quickly- -no longer exist  to the extent they once 
did . (However , the goals are still  in effect . )  

While HVAC control technology is s till  evolving quickly , mos t  of the 
changes now occurring are essentially variations on and refinements of 
the once - revolutionary idea of us ing microprocessors in HVAC control 
systems . Now that mos t  control manufacturers , installing contractors , 
and sys tem des igners have learned the fundamentals of microprocessor 
based controls , they should be able to adapt to future refinements in 
the technology with less difficulty . Furthermore , i t  seems unlikely 
that there will  be additional changes in control technology as bas ic as 
the application of microprocessors in the near future . 

In addition , now that energy costs are no longer ris ing ( and in some 
cases that are even decreas ing) , agencies are under less pres sure than 
in the past to use new products and concepts before they have been fully 
refined and proved rel iable . 

COMPARISON OF THE EXPERIENCES OF AGENCIES WITH 
PRIVATE OWNERS 

I t  is generally acknowledged that all classes of building owners 
have encountered problems with modern control sys tem during the pas t two 
decades . However , in mee tings with the committee , several control 
manufacturers as serted that federal agencies have experienced far more 
problems than private owners . The committee decided to tes t  the 
val idity of this assertion because , if found to be true , it would 
indicate that agenc ies might be able to el iminate some problems by 
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imitating the practices and procedures of private owners wherever 
pos s ible . To tes t  the assertion the committee reviewed the experiences  
of the consulting engineers on the committee who have worked with both 
federal agencies and private owners and published information on the 
subj ect . 

Experiences and Views of Committee Members 

The consensus among committee members - -based on the ir personal 
experiences - -was that federal agencies have indeed had s ignificantly 
more HVAC control problems than private owners . The reason for the 
disparity is not self evident s ince public and private buildings 
generally employ s imilar HVAC control sys tems that are des igned by the 
same consulting engineers , are made up of components suppl ied by the 
same manufacturers , are ins talled by the same contractors , and cost 
about the same amount of money . So what is wrong? Something is amok , 
but , s ince all of the essential players are the same , the problem has to 
be elsewhere , in something or some sys tem that is handled differently in 
the federal sector than in the c ivilian sector . 

I t  is difficult to general ize about differences between public and 
private sector owners because there is not a uniform approach or process 
in either sector ; however , the committee found that there are enough 
s imilarities in the operating philosophies of the individual owners in 
the respective sectors to permit some general izations to be made . 
Spec ifically , the commi ttee concluded that federal agenc ies have s ignif 
icantly different pol icies and practices than the average private owner 
with regard to five issues : The selection of  contractors , the content 
and enforcement of spec ifications , the commiss ioning of buildings , and 
the method used to maintain controls  after ins tallation . Each of these 
is procedural in nature , which means each could be changed if necessary 
( though making a change might not be easy) . This does not mean that the 
private sector norm in these areas is without fault or problems ; how
ever , the committee is  convinced that the end result with the private 
sector approach generally is  better . Consequently , throughout the s tudy 
the committee tended to evaluate all current practices and proposed 
actions of federal agenc ies and proposed recommendations to federal 
agenc ies in terms of  the ir s imilarity to practices in the private 
sec tor . 

In discuss ing the s i tuation among themselves and with other HVAC 
specialists , the committee found that the firs t two is sues mentioned 
above were particularly s ignificant ; i . e . , the select ion of contractors 
and the content and enforcement of spec ifications . They are also 
probably the most  difficul t prac tices to change . 

Data From The Literature 

The committee also sought verification of the assertion that federal 
agenc ies have experienced more problems than private owners in the 
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l i terature , but it  was unable to find any hard data on the subj ect . 
However , the committee found one report that addressed the question 
indirectly . That repor t - - FCC Consulting Committee on Energy Monitoring 
and Control Sys tems , et  al ( 1984) - - discussed the nature of and reasons 
for the difficul t ies federal agencies experienced when they tried to 
procure energy monitoring and control systems in the late 1970s and 
early 1980s . The report impl ied that federal agencies themselves 
believe that they experienced more problems and more serious problems 
with energy monitoring and control systems than private owners . The 
agencies attributed their extra difficulties in large part to the ir 
procurement regulations . S ince such regulations affect all federal 
acquisitions , it  can be assumed that federal agencies have encountered 
extra difficult ies procuring all types of HVAC controls , not j us t  energy 
monitoring and control systems , and that these difficulties continue to 
be experienced . 

SUMMARY 

The committee ' s  j udgement is that : ( 1 )  the HVAC control problems 
being experienced by federal agenc ies are indeed serious enough to 
warrant ac tion by federal agencies ; ( 2 )  while many of these problems 
might have been inevitable , and thus unavo idable , when new control 
technologies (particularly technology involving the use of microproces 
sors ) were first be ing applied , they are no longer inevitable ; thus 
efforts by federal agenc ies to improve the s i tuation will not necessar 
ily b e  in vain ; and ( 3 )  federal agenc ies have experienced more problems 
with HVAC controls than private owners , which sugges ts that agenc ies 
might solve some of the ir problems by adopting appropriate practices 
from the private sector . 

· 
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5 

REHEDIES PRQPOSED BY FEDERAL AGENCIES 

Federal agencies regularly review and update the ir des ign criteria 
and guide specifications for construction materials , products , and 
systems - - including controls  for HVAC systems - - to reflect changes in 
technology and problems experienced with current criteria and spec ifica
tions . Generally , changes in agency spec ifications and criteria are 
evolutionary rather than revolutionary . Even when agenc ies make maj or 
modifications to their spec ifications and criteria - - as the military 
agenc ies did in the late 1970s when they experienced numerous problems 
with energy monitoring and control systems - - they seldom adopt require 
ments that are at odds with es tablished bus iness arrangements or call for 
the use of products that are s ignificantly different from those commonly 
used in private fac i l it ies . 

I t  is notable , therefore - - and indicat ive of the depth of agency 
concern about the ir HVAC control problems - - that in the past few years 
several federal agencies have taken or have proposed to take drastic 
actions to try to correc t the s i tuation . The nature and purposes of 
these actions and committee comments on them are summarized below . 

EXPANDING THE DESIGN RESPONSIBILITIES OF 
CONSULTING ENGINEERS 

In February , 1 9 8 3 , the Air Force Directorate of Engineering and 
Services issued Engineering Technical Letter ( ETL) 8 3 - 1  (USAF Director 
ate of Engineering and Services , 198 3 )  with the broad obj ective of 
" improving the des ign ,  maintainability ,  and operating efficiency of  HVAC 
sys tems " at Air Force bases . The letter explained that "many existing 
HVAC sys tems have des ign defic ienc ies which hamper effic ient operation 
and rout ine recurring maintenance . "  The letter outl ined corrective 
actions to be taken in two areas : " des ign for maintainab i l i ty " and 
" des ign documentation . "  

Tom ( 19 8 5 ) , reported that ETL 8 3 - 1  had been issued because the Air 
Force had become very concerned about the difficulties being experienced 
in maintaining HVAC controls  at the Air Force bases . He explained that 
the problems are " compounded by the frequent rotation of  mi l itary 
personnel between bases . "  He no ted that "Air Force personnel must  be 
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prepared to deploy to any base in the world and . . . we cannot retrain 
those people every time they encounter a new control sys tem . " 

With regard to des ign for maintainab i l i ty , ETL 8 3 - 1  called for three 
features to be included in all Air Force HVAC control system des igns : 

( 1 )  Use of remote sens�rs so that controllers 
can be centrally located in the mechanical room . 

( 2 )  Logical grouping of controllers , adapters , 
relays and power suppl ies in an eas ily access ible 
controls cab inet mounted away from vibrating 
machinery . 

( 3 )  Inclus ion o f  pneumatic test  ports and 
electronic - sys tem terminal strips cross - referenced 
to the control schematic to fac i l i tate trouble 
shooting and cal ibration . 

The most  controvers ial part of ETL 8 3 - 1 - - and the part that is  of 
concern to the committee - - dealt with des ign documentation . In essence 
the ETL required designers of HVAC control sys tem for Air Force bases 
(who in most cases are consul ting engineers* ) to prepare contract draw
ings in sufficient detail that they can be used both for procurement 
purposes and later for maintenance work . Spec i fically , ETL 8 3 - 1  
directed that des ign documents mus t ,  as a minimum , include : 

( 1 )  A fully labeled control schematic which 
details all set points , throttl ing ranges , 
actions , spans , proportional bands , and any other 
adj us tment . 

( 2 )  A fully labeled elementary diagram ( ladder 
diagram) . 

( 3 )  A sequence of  control on the drawings 
cross - referenced to the control schematic and 
elementary diagram . 

( 4 )  A generic , functional description of  each 
control component shown on the drawings . 

Requiring the inclus ion of such material in design documents was 
controvers ial because tradi tional ly it has been developed by control 
sys tem vendors after the award of a contract , and the ETL in effect 
transferred the respons ibi l i ty to consulting engineers , which greatly 
expanded the ir duties . 

*Not all HVAC sys tems in federal buildings are des i gned by · consulting 
engineers . For example , some sys tems are des igned by engineers employed 
by architectural firms and some sys tems are des igned by government 
personnel . However ,  s ince the vas t maj ority of  sys tems are des igned by 
consul ting engineers , des i gners of HVAC sys tems are referred to as 
consulting engineers throughout this report . 
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This shift in respons ibi l ities was j ustified in ETL 8 3 - 1  on the 
grounds that : 

" the ins tallation documents provided by the 
contractor usually contain proprietary symbology 
and terminology that are nonstandard .  This 
documentation does not provide adequate 
information necessary for the cons truction 
inspection or the overall system logic required 
by Base C ivil Engineer technic ians to cal ibrate , 
maintain , or repair the system once installed . "  

S ince the Army Corps of  Engineers and the Naval Fac i l ities 
Engineering Command are respons ible for managing most  Air Force 
cons truction proj ects , it has been up to those agencies to implement 
the Air Force concept . 

Committee Observations and Comments 

As part of this s tudy , one committee member , Raymond Alvine , 
interviewed personnel at the Omaha , Nebraska , Divis ion of the Corps of 
Engineers to determine how the new Air Force pol icy was working out . 
I t  was the view of  the Corps personnel that the Air Force requirements 
were not be ing fulfilled in the way the Air Force expected . They 
reported that consul ting engineers are not sufficiently experienced 
with detailed control system des ign to do the type of work required by 
ETL 8 3 - 1 .  When the new pol icy was first implemented several consulting 
engineers tried , unsuccessfully , to prepare the required detailed 
drawings themse lves . Eventually , Corps personnel helped the consulting 
engineers complete the work . These Corps personnel were able to help 
because they had rece ived spec ial training in des igning HVAC controls . 
They noted , however ,  that the training program is expens ive because the 
course lasts several weeks and involves travel for most  personnel . 
Furthermore , additional personnel must be trained each year to replace 
previous ly trained personnel who have left the organizat ion or who have 
been given new ass ignments . Other Corps personnel who had not received 
training indicated that they would not have been able to help the 
consul ting engineers . 

The Corps personnel reported that on later proj ects consulting 
engineers often hired a control manufacturer to prepare the required 
drawings . Surpris ingly , in some cases even control manufacturers had 
difficulty preparing the types of drawings required by ETL 8 3 - 1 .  

Ultimately , the control drawings prepared by ( or under the 
j urisdiction of)  consult ing engineers often were of no value anyway . 
This is because government spec ifications allow various alternative 
types o f  control systems to be suppl ied . Consequently , the system 
actually suppl ied on a proj ect often was different from the one the 
consul ting engineer had assumed would be used when he made ( or had a 
manufacturer prepare ) de tai led control drawings . When that happened , 
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the suppl ier of the system actually used had to prepare and submit  
detailed drawings for his  own system . 

The committee bel ieves that the Air Force was correct in trying to 
get accurate detailed drawings of its HVAC control systems . The 
committee does not bel ieve , however , that consulting engineers are the 
best source of such drawings . 

As the experience of the Omaha Divis ion of the Corps of Engineers 
indicates , consulting engineers are not equipped by training or 
experience to prepare detailed control drawings . Furthermore , even if 
they were able to prepare such drawings , doing so would be a waste of 
the ir effort on many government proj ects . This is because detailed 
drawings must be related to the products of a particular manufacturer ; 
however , with open specifications , the manufacturer is not known until 
after b ids are rece ived- - long after the consulting engineer has 
completed his work . It is also poss ible that the exis tence of detailed 
drawings could compl icate contract enforcement when a sys tem other than 
the one on which the drawings are based is  ins talled . In such cases , 
inspec tors might have two conflicting sets of drawings or a system that 
does not match the drawings . 

The committee bel ieves that s tandardized detailed control drawings 
can and should be obtained from control sys tem vendors by tightening 
and/or more s trictly enforcing the requirement already in mos t  control 
specifications that the control sys tem vendors provide detailed 
drawings after ins tallation . Agenc ies should require that the drawings 
be prepared in accordance with ANSI/ISA- S S . l - 19 84 , " Ins trumentation 
Symbols and I dentification" and ANSI/ISA- S 5 . 2 - 19 7 6  (Rl981 ) , " Binary 
Logic Diagrams for Process Operations " and should be prepared on 
standard sheets of mylar which should be turned over to the agency upon 
proj ect completion . 

DEVELOPMENT AND USE OF STANDARD CONTROL SYSTEMS AND PANELS 

In the early 1980s , the Army ' s  Cons truction Engineering Research 
Laboratory ( CERL) conducted a series of laboratory tests of several 
full  scale HVAC sys tems made up of various commerc ially available 
components .  These tests revealed numerous problems with HVAC compo 
nents , particularly controls (Hittle , et  al , 1 9 8 2 ) . For example , the 
pressure at which various pressure volume regulators on VAV boxes res 
ponded varied cons iderably from one regulator to another , three out of 
five pneumatic temperature transmitters that were tested were found to 
be out of cal ibration ; all s ix fluidic receivers/control lers tes ted 
drifted out of cal ibration within 72 hours after having been cal i 
brated ; and final ly , two out o f  three pneumatic humidity transmitters 
tes ted were found to be highly inaccurate (with an actual relative 
humidity of 6 2  percent , one transmitter registering 8 8  percent and the 
other regis tered 96 percent) . 

On the bas is  of  the CERL work , Hi ttle concluded that "many , i f  not 
all , of the problems detected by the heavily ins trumented HVAC sys tem 
exper iments would be unde tected in a field appl ication where there is  
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l ittle or no ins trumentation , " and further that " if differences l ike 
the ones CERL encountered were undetected for the l i fe of the system , 
much more energy would be used than was intended . "  

As noted previously , Kao ( 19 8 5 ) , demonstrated by computer analys is 
that sensor errors of the type found by CERl. in HVAC controls could 
indeed result in s i gnificant energy was te . 

The results of the CERl. tests tended to substantiate the views and 
experiences of the agency l iaison members of the committee that many 
HVAC control systems are not performing up to expec tation . 

On the bas is  of the CERl. tes ts , Hi ttle concluded that HVAC control 
sys tems should be as s imple as poss ible , should be composed of  
rel iable , high quality components ,  and should include built- in 
diagnostic and cal ibration features . 

The CERl./Air Force Approach 

Subsequent additional testing of HVAC controls by CERl. tended to 
substantiate the initial CERl. conclus ions (Hittle and Johnson , 1985 ; 
and Hittle and Johnson , 1986 ) . The CERl. investigators also apparently 
concluded- - though they did not s tate it expl icitly- - that the 
traditional vendors of HVAC control systems would not voluntarily 
develop and market the types of control systems they felt were neede� . 
Consequently , us ing funding from the Air Force and the Army Corps of 
Engineers , CERL des igned and developed a family of standard control 
systems as wel l  as s tandard , nonproprietary control panels  to be used 
with the control systems . In the development process CERl. made many 
computer analyses . The problems that the new s tandard sys tems and 
panels were expected to solve are summarized in Table 1 .  

Hittle and Johnson ( 19 8 6 ) , indicated that the control systems were 
des igned to be as s imple as pos s ible and yet ensure high HVAC operating 
effic iency . They also noted that the systems ordinari ly are expected 
to be hybrids , "us ing pneumatic control components for damper and valve 
actuators and in less cri tical room temperature control subsystems 
together with electronic components for measuring and controll ing more 
critical mixed air and coil discharge temperatures . "  

Originally , the systems were referred to as " re trofit"  systems . 
However , they are now proposed for use in both new and retrofit 
proj ects . Representatives of  the Air Force have informed the committee 
that the use of the CERL- developed s tandard sys tems and control panels 
will be required on future Air Force proj ects , except in special 
c ircums tances (USAF Directorate of Engineering and Services , 198 7 ) . 
Representatives of  the General Services Adminis tration report that they 
are also cons idering adoption of the CERL approach . 

To fac ilitate the use of the sys tems , CERL has developed des ign 
instruc tions (Hittle , et  al , 1986a)  and a guide specification (Hittle , 
et al , 1986b ) . These documents describe in de tail  the equipment and 
control diagrams for a wide variety of HVAC control sys tems , including 
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TABLE 1 Summary of Key Problems Solved by the New Approach 

Problem Solution 

The complexity and variety of control 
s trategies used in Air Force fac il i 
ties makes it  difficult for O&M staff 
to learn the princ iples of operation 
and maintain the controls properly ; 
during repair attempts , operators 
" s impl ify" the systems by disconnecting 
components . 

O&M s taff are unable to keep control 
panels  in proper working condition 
because the components require 
excess ive maintenance and recali 
bration i s  a difficult , time - consuming 
process . 

In particular , enthalpy-based 
economizer cycles are found to be 
malfunctioning in most  systems ; it is 
standard practice to disconnect these 
at many bases because of the extraor 
dinary maintenance requirements of the 
humidity sensors . 

Source : Hittle , et  al , ( 1986a)  

3 2  

U s e  s tandard control s trategies 
to reduce the number of s trat 
egies which O&M s taff must 
learn . 

Keep control s trategies as 
s imple as pos s ible . 

Provide adequate documentation 
to explain the operating 
princ iples of the s tandard 
control s trategies . 

Use control panels  which 
emphas ize low maintenance 
features ,  including : 

• Temperature sensors which 
never require recal ibration 

• High - quali ty analog elec 
tronic controllers wi th 
drift - free characteristics . 

• Bui l t - in diagnostics to 
permit rapidly checking the 
system . 

Enthalpy-based economizer 
cycles are prohibited . Use an 
economizer cycle based on a 
s imple comparison of dry-bulb 
temperatures of return and 
outside air . 
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Table 1 continued 

Thermal s tratification occurs in mixed 
air section during cold weather and 
causes excess ive tripping of 
freezestat , frozen coils or poor 
temperature control of mixed air . 

O&M s taff are unable to obtain accurate 
control in some systems because control 
valves or dampers are overs ized . 

Pneumatic components malfunction and 
extens ive repair is required because of 
oil , l int , and dirt in the pneumatic 
air supply . 

O&M s taff rece ive excess ive occupant 
complaints because of poor control of  
room temperature . 

O&M s taff rece ive occupant complaints 
which arise from building 
pressurization problems in facil ities 
with return fans . 

O&M s taff is  burdened with excess ive 
maintenance for systems with return 
fans in many sys tems which do not need 
them . 

3 3  

Provide proper ductwork des ign 
to minimize thermal 
stratification and provide an 
averaging sensor to enable 
accurate sens ing for control 
loop . 

Provide valves and dampers of 
the correct s ize for each 
application . 

Use pos itive pos itioners for 
all pneumatic operators except 
those for VAV terminal units or 
small valves on reheat coils . 

Eliminate the use of pneumatic 
components which are especially 
sens itive to air qual ity and 
impose stringent requirements 
for air supply maintenance 
( such as pneumatic rece iver
controllers ) ;  use o illess air 
compressors to minimize 
problems with oil and provide 
properly- designed air 
filtration systems . 

Locate room thermostats in 
areas with good air 
distribution , avoiding exposure 
to direct sunl ights ,  dead end 
locations , etc . 

Provide proper des ign for 
control of  the return fan in 
VAV systems . 

Always perform calculations to 
determine i f  return fans are 
really needed ; avoid return 
fans for VAV sys tems when 
pos s ible by changing s izes or 
re turn air ductwork or other 
means . 
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sys tems for variable air volume controls , room air temperature control , 
supply air temperature control , mixed air temperature control , direct 
s tatic pressure control , return fan control ,  s ingle zone system con
trol , dual duct system control , humidity control , hot water temperature 
control , and heating boiler contral . The Air Force bel ieves that the 
adoption of these control systems as standard systems wil l  obviate the 
need for consulting engineers to cus tom des ign control systems for most  
appl ications . 

Hittle and Johnson ( 19 8 6b ) , have indicated that the key to the 
success of CERL control systems is a family of CERL - des igned , nonpro 
prietary , electronic control panels , which CERL bel ieves will be : 

• More accurate and more rel iable than conventional panels because 
of the use of  industrial grade component instead of commercial grade 
components . *  

• Eas ier to maintain than conventional panels because ( a )  they have 
built - in diagnostic meters ; (b)  they will be standardized , thus 
el iminating the need for maintenance personnel to learn about different 
equipment ; and ( c )  the control sys tem concepts governing the use of the 
panel s  have been kept s imple . 

Although CERL has des igned the panels , they will be buil t  by control 
equipment manufacturers to CERL speci fications . CERL has told the 
committee that several manufacturers have indicated their intention of  
building panels  for proj ects on which they are spec ified . 

For the present , CERL has decided not to develop direct digital 
control panels or sys tems . Although Hittle and Johnson ( 1986 ) have 
indicated that CERL might develop direct digital control sys tems in the 
future , the l iaison member from the Corps of  Engineers has reported that 
it is unl ikely to occur anytime soon . 

The Corps of Engineers Approach 

The Corps of Engineers has adopted CERLs bas ic concep t - - namely , that 
federal agenc ies should develop and require the use of s tandard control 
sys tems and standard control panels ins tead of relying on control 
vendors to des ign control systems on the bas is of performance 
specifications developed by consulting engineers . However , for reasons 
that are not entirely clear to the committee , The Corps of Engineers did 
not adopt the guide spec ification and design ins truc tions for HVAC 
controls  that CERL developed , even though the Corps helped fund the CERL 
work . Ins tead the Corps hired the Kl ing- Lindquist Partnership , Inc . to 
prepare another series of guide spec ifications and a des ign manual to be 
used by consulting engineers when des igning HVAC control systems for 
Army fac i l ities . 

*See Haines ( 19 8 2 )  for a discuss ion of the difference between 
indus trial and commerc ial grade components . 
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The committee has been told that the Corps original ly expected to 
get a comprehens ive des ign manual plus three guide specifications for 
HVAC controls : one covering traditional electr ic/electronic analog 
control  systems ( s imilar to the CERL systems ) ; another covering 
microprocessor -based local - loop control systems ; and a third cover ing 
ful l  DDC control systems . *  The committee understands that the Corps 
subsequently dropped plans to develop the analog sys tems specification 
and deferred development of the DOC systems specification . Instead , 
efforts are be ing concentrated on the specification and des ign manual 
for the microprocessor -based local - loop control systems , which are 
compromise systems that accept analog input and provide analog output 
but use microprocessors that work with digital data to provide the 
control action : In order to function , the systems convert the incoming 
analog data into digital form for process ing and then later converts the 
data back into analog form . 

The committee has received and reviewed the first draft of the 
specification on microprocessor -based local - loop control systems 
(Kl ing- Lindquist  Partnership , Inc . , 1986 ) . The specification , which 
runs 136  pages , is  highly detailed . I t  describes the control sequences 
and all of the components needed for a wide variety of standard HVAC 
control systems , including : Variable air volume systems , multi - terminal 
unit control air volume sys tems , s ingle zone constant air volume 
systems , dual duct variable air volume systems , bypass multizone 
systems , and hydronic sys tems . . 

The Corps of Engineers ' approach is s imilar to the CERL/Air Force 
approach in that the bas ic obj ective is to get standardized HVAC control 
systems with s tandardized components on Army fac i l ities ins tead of 
proprietary sys tems in order to minimize the operating and maintenance 
problems caused by the current multiplicity of different systems . The 
Corps ' approach differs from the CERL/Air Force approach in three 
respects : ( 1 )  the use of microprocessors in l ieu of electronic control 
devices ;  ( 2 )  giving control system des igner more options to choose from ; 
and ( 3 )  giving control system contractors and vendors more freedom to 
determine the exact nature of the system to be ins talled . 

To date none of the systems or panels  described in the 
Kling- Lindquist - developed guide speci fication have been used with a 
working HVAC system . The committee has been informed that the Corps 
expects to tes t  the sys tems and panels  by us ing the specification on a 
trial bas is for two or three years . 

*Inasmuch as all microprocessors work with digital data , microprocessor 
based controls  are , by definition , digital controls . The difference 
between microprocessor -based controls  and DDC is in the amount and 
complexity of control functions performed by a given control box . In a 
microprocessor -based system , each microprocessor chip controls  j ust  one 
control loop , and any decis ion-making with regard to controls  is  
performed at the EMCS level . In a DOC sys tem a s ingle remote control 
box often controls  several local loops and also performs decis ion making 
functions . 
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Representatives of  the Air Force have expressed great interest in 
the Corps approach , and they have indicated their intention of adopting 
the concept after it is fully developed and tested . 

Committee Observations and Comments 

The use of standard HVAC control systems with nonproprietary 
control panels as recommended by CERL represents a new and potentially 
better way of  designing and procuring HVAC controls . In essence , the 
intent is to make control panels a generic commodity l ike bricks , or 
structural stee l , or lumber , which could be suppl ied by any one of a 
number of  manufacturers . Their appl ication - - i . e . , the detailed design 
of  overall control systems - -would be the respons ibi l i ty of consulting 
engineers , not the manufacturers of controls . However , the freedom of 
consulting engineers to custom des ign unusual control systems would be 
greatly restricted in that they would have to use the government ' s  
s tandard control system designs whenever app licable . 

The new approach would , if implemented ,  cause government agencies 
to abandon the long standing practice of procuring HVAC controls in the 
form of proprietary systems . This  would result in a maj or shift in the 
divis ion of respons ibi l i t ies and duties for the des i gn and app lication 
of  HVAC controls between those involved ( federal agenc ies , consult ing 
engineers , manufacturers of controls , and contractors ) .  It is  
difficult to predict how respons ibi l ities would ultimately be divided 
under the new approach ; however it  would appear that agencies would end 
up with mos t  of the respons ibi l i ty .  

The Committee understands the des ire of the Army and Air Force to 
s tandardize their HVAC control systems in order to ease the ir 
maintenance problems . However ,  for reasons discus sed below the 
committee doubts the wisdom of both the CERL/Air Force and Corps of 
Engineers approaches to achieving this  end . S ince there are currently 
very few of the standardized panels in use , the committee had l ittle 
hard evidence on which to base its evaluation . Consequently mos t  of 
the committee ' s  views are based on experience and j udgment . 

1 .  I f  for some reason a system obtained us ing e i ther the Army or 
the Air Force approach does not perform properly after installation , an 
agency might find it difficult to force the contractor or manufac turer 
to correct the problem if the ir culpab i l ity is not readily apparent . 
In the absence of c lear cut blame , everyone involved- - the manufacturers 
of the components used , the instal l ing contractor ,  and the des igning 
consulting engineer - - could disclaim respons ibi l i ty on the grounds that 
they were mere ly complying with agency requirements . 

2 .  The firs t cost of the standardized sys tems might be 
s ignificantly higher than commerc ially available sys tems . The 
committee was told by one manufacturer that the CERL standard control 
panels  might cost as much as 30  percent more than comparable commerc ial 
panels . ( I t  is  believed this estimate was based on the assumption that 
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the panels  would be manufactured infrequently in small numbers ; if  
demand were higher , the price of the panels  probably would drop . )  

3 .  The savings in maintenance costs from the use of the s tandard 
systems might not be as great as expected . Although the controls  for 
each particular type of HVAC systems would be standardized , there are 
many different types of HVAC systems , each of which could have 
different controls , and there might be several different HVAC systems 
at a given facility .  Consequently , even with standardization , agency 
maintenance personnel might still  have the problem of a multiplicity of 
controls to maintain . *  Furthermore , in the case of  an existing 
fac i l ity ,  the maintenance personnel would have to continue to service 
the nonstandard controls  already in place as wel l  as the new s tandard 
controls .  Finally , even though the control systems are s tandardized , 
the components used in different systems - - including the control 
panels - -will come from different manufacturers and , therefore , in many 
cases wil l  not be interchangeable , thus forc ing agenc ies to keep a 
multiplic ity of replacement parts on hand . 

4 .  The cost of keeping agency design manuals and guide 
spec ifications for s tandard control systems up to date could be very 
high- - poss ibly much higher than agencies realize . By assuming a large 
measure of respons ibility for the detailed des ign of standard control 
systems and s tandard control panels , agenc ies also assume 
respons ibility for analyz ing the inevitable problems that occur with 
complex control systems and issuing corrective information as needed . 
They would also assume respons ibility for keeping ful ly abreast of 
current technology and updating the ir documents as technology evolves . 

SPECIAL PROCUREMENT PROCEDURES 

As mentioned previously , federal agenc ies (particularly the 
mil itary agenc ies ) encountered numerous problems with energy monitoring 
and control sys tems ( EMC S )  in the late 1970s . The number of problems 
dropped s ignificantly when agencies revised their EMCS specifications 
and as EMCS vendors refined the ir technology .  However ,  some problems 
continued to be experienced , and additional solutions were sought . 

A number of government procurement spec ialists noted that the pro 
cedures traditional ly used to procure construction- - i . e . , the awarding 
of fixed-price contracts on the bas is of sealed bids ( a  process com
monly referred to as formal advertis ing in government procurement 
c ircles ) - - is not well  suited to the procurement of complex , proprietary 
items l ike EMCS ( FCC Consulting Committee on Energy Monitoring and 
Control Systems , et al , 1984) . Contrac ts for such systems cannot be 
awarded fairly on the bas is of price alone because the products of 
different manufacturers are not equal . For example , in some cases 
s imilarly priced sys tems have far different performance 

*However ,  the extent of differences generally would be less with 
s tandardized controls  than with proprie tary controls . 
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characteristics ; one system may be ideally suited to one application 
while another system is perfect for a different appl ication . In 
selecting a system , therefore , the nature of the appl ication can be an 
important cons ideration . For j us t  a few dollars extra , it  is sometimes 
pos s ible to get a far superior system . In other cases there can be a 
large difference in price between sys tems of almost equal quality ; thus , 
it  may be pos s ible to save a substantial amount of money by accepting a 
s l ight reduction in performance . 

Recogniz ing the exis tence of this s i tuation , the Corps of Engineers 
and the Naval Fac i l ities Engineering Command in 1984 began awarding some 
EMCS contracts through a process referred to as " competitive negotia
tions . "  As explained in Federal Construction Counc il Technical Report 
No . 83 ( FCC Consulting Committee on Procurement Policy , 1 9 8 6 ) , with 
competitive negotiations a contractor is selected through face - to - face 
negotiations with a number of offerers . Usually the selection process 
involves the evaluation of a number of proposals by a team of agency 
specialists in terms of an announced set of factors . Agenc ies ordi 
narily ass ign numerical weights to the factors to indicate their 
relative importance ; the agenc ies generally do not reveal the value of 
the weights to offerers . Price is one of the factors cons idered , but 
not necessarily the control ling one . If an agency receives a large 
number of proposals for a proj ect , it may e lect to negotiate only with 
those offerers who are j udged to be in the competitive range . Both the 
Corps  of Engineers and NAVFAC report that the process  has worked wel l , 
but that it cannot be used when an EMCS is  be ing procured as part of a 
large construction proj ect , the contract for which is awarded on the 
basis  of sealed bids . 

The committee has been informed that because some EMCS suppl iers 
have complained about not be ing awarded contracts when they have been 
the low b idder , the Army is planning to modify the process  to have price 
cons idered separately from the other factors and to require procurement 
officers to j ustify an award to other than the low bidder . 

Other agenc ies have tried other nontraditional methods of procuring 
EMCS . The Department of Interior , for example , has reported that it has 
successfully used a process called " two - step formal advertis ing" ( FCC 
Consulting Committee on Procurement Pol icy , 1986 ) . Two - s tep formal 
advertis ing is a two - part sequential procedure for selecting contractors 
on the bas is of both technical qualifications and price . In the first 
s tep , a panel of experts evaluates unpriced technical proposals of 
various offerors against certain performance requirements , which are 
stated in the original request for technical proposals (RFTP ) . Those 
offerors whose technical proposals are found to be acceptable are 
invited to submit price proposals . Offerors whose technical proposals 
are deemed not acceptable do not partic ipate in the second · step . The 
contract is awarded to the offeror with the lowest price , provided the 
price is  determined to be fair and reasonable for the work to be 
performed . There is no price negotiation . The Department of Interior 
reported that the process has worked well , but that it  is  time 
consuming . 
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Committee Observations and Comments 

The committee fully agrees with the idea that sophisticated systems 
l ike EMCS should not be procured on the bas is of price . The experiences 
of the agencies to date suggests that the use of procurement techniques 
that permit both price and technical factors to be cons idered in award
ing contracts have been successful , which is not surpris ing s ince such 
techniques have been used widely and successfully for many years in the 
private sector to procure a wide variety of products . Federal agencies 
probab ly would benefit greatly from expanded use of the techniques . To 
permit the techniques to be used to procure sophisticated systems in new 
buildings , agencies might cons ider awarding separate contracts for such 
systems . The action of the Army to preclude the s imultaneous cons idera
tion of price and performance appears to be a s tep in the wrong 
direction . 

BANS ON THE USE OF DIRECT DIGITAL CONTROLS 

After experiencing numerous problems with energy monitoring and 
control systems when they were first marketed , federal agenc ies became 
very cautious about adopting new HVAC control technology .  Thus , when 
the direct digital control ( DDC ) concept was first introduced in the 
early 1980s , several federal agenc ies ( including all three mil itary 
services ) directed the ir ins tallations not to use it . Mos t  of these 
bans on the use of  DDC have been in effect ever s ince . Federal agencies 
have not sugges ted that such bans are a remedy for HVAC control 
problems ; however , the agenc ies are convinced that the bans help keep 
the problems from getting worse . Therefore , the committee bel ieves that 
a discuss ion of  the DDC bans is appropriate in this chapter . The 
subj ect is also worthy of discuss ion on the grounds that it is very 
unusual for federal agencies to prohibi t  the use on government proj ects 
of new technology that has been widely accepted in the private sector . 
The unusualness of  the federal agencies ' action is further indication of 
the depth of their concern about HVAC control problems . 

Original ly , the bans on the use of DDC sys tems were stimulated 
primarily by unfamiliarity with and lack of confidence in the new 
technology . Those who first imposed the bans probably expected to l ift 
them quickly , as soon as the reliability of the technology had been 
demonstrated . The bans , however , have not been l i fted ; most  now have 
been in place for five or more years . The primary reasons for the bans , 
however ,  have changed .  Although some agency representatives still  
express misgivings about the rel iabil ity of DDC components , it is 
generally agreed that mos t  such components are at least as reliable as 
mos t  traditional control components . Agency concerns about DDC systems 
now center on other factors : 

• The need to program most DDC control lers in the field . I t  is 
widely believed the programming process is complex , the number of 
qual ified personnel is few , and l ikel ihood of errors is high .  
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• The cost and difficulty of training agency personnel to maintain 
DDC systems or of finding competent private repair contractors . There 
is fear that because of the complexity and newness of the DDC concept 
there is an acute shortage of properly trained repair technicians and 
that finding or training the needed personnel would be difficult and 
expens ive . 

• The lack of standard communication protocols for DDC . Because 
different manufacturers have different communications protocols , DDC 
components of different manufacturers cannot be mixed ; thus owners of  
DDC systems are almost completely dependent on the original supplier for 
spare parts , for expans ion of the system , and for most repair work . 

• The high rate of change in DDC technology . There is great 
concern that current DDC systems will  become obsolete very quickly and 
that spare parts for such sys tems will be difficult to get and/or 
prohibitively expens ive long before the end of the economic l i fe of the 
system . 

• The high cost of DDC systems . Although reliable cost information 
on DDC systems is hard to obtain , many agency engineers believe that 
such systems are s ignificantly more expens ive than traditional HVAC 
controls and many agencies have serious doubts that the bene fits of DDC 
systems are sufficient to j ustify xhe added cost . 

These concerns seem to be shared by mos t  federal agencies . 
Nevertheless , some agenc ies ( e . g . , the Veterans Administration) have 
never banned the use of DDC , and several agenc ies that have banned them 
( e . g . , the military services ) are currently investigating the 
pos s ibil ity of  l i fting their bans . 

Committee Observations and Comments 

The committee is convinced that DDC is a maj or improvement over 
conventional control systems and that DDC is  wel l  on the way to becoming 
the predominant form of HVAC control . The trend toward DDC is  gaining 
momentum as more consulting engineers recognize the benefits of the 
concept and as more HVAC equipment manufacturers ins tall DDC control lers 
on the ir equipment ( e . g . , see Bradler and Sutter , 1984) . The committee 
is  also convinced , however , that many of  the agencies ' concerns about 
DDC are val id .  

The committee was spl i t  on the question o f  whether the undeniable 
benefits of DDC are suffic ient to offset the current problems and 
uncertainties as sociated with the technology . Some members expressed 
the opinion that agencies are being unreal istic to try to res ist  accep 
tance of a proven technology , even if it  does create new problems . They 
note that in spite of the bans agenc ies have imposed on DDC , many DDC 
systems are nevertheless be ing installed in government buildings . Other 
committee members expres sed the view that the agenc ies have been wise to 
ban DDC system and that they should continue the bans in hopes that 
their exis tence will help prod manufacturers to address the agency con
cerns , which are shared by many private owners . All of the committee 
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members were in agreement , however ,  that DDC is  gaining more acceptance 
all the time and that the current agency bans cannot be continued much 
longer . 

SUMMARY 

In general , the committee shares the agencies ' concerns about and 
dissatisfaction with HVAC controls . However , the committee has serious 
reservations about the wisdom of two of the actions that federal 
agenc ies have taken or have proposed to take to correct the s i tuation ; 
specifically : 

• The committee does not believe that consult ing engineers should 
be required to deve lop des ign drawings that are suffic iently detailed to 
be used for repair and maintenance purposes . The committee agrees that 
agencies need and deserve to have such drawings ; however ,  it believes 
that they should be provided by control vendors , not by consulting 
engineers . 

• The committee does not bel ieve that the idea of federal agenc ies 
develop ing s tandard nonproprietary control systems and control panels 
for use on the ir proj ects is practical or that it  would provide the 
benefits agenc ies expect . 

Mos t  of the committee members generally agree with the other two 
actions that have been taken by federal agencies ; i . e . , the use of 
spec ial procurement procedures for energy monitoring and control s;stems 
and the temporary ban on the use of direct digital control sys tems . 
However ,  the committee bel ieves that agenc ies need to cons ider even more 
changes in the ir procurement procedures ( as discussed in the next 
chapter) and that the ban on DDC should be removed as soon as pos s ible . 

*One committee member , Donald Coggan , bel ieves that the temporary ban 
on the use of DDC sys tems was a mis take from the beginning . 
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6 

REHEDIES fROPOSED BY TBE CQMMITTEE 

As indicated in the previous chapter , the committee doubts the 
e fficacy of some of  the correctiv� actions being cons idered by federal 
agencies and believes that other actions that have been proposed or 
implemented , while helpful , do not go far enough . The committee , 
therefore , exp lored the following additional steps that the agenc ies 
might cons ider : 

1 .  Making Fuller Use of HVAC Consult ing Engineers 
2 .  Ensuring the Qual ification of HVAC Consulting Engineers 
3 .  Develop ing More Effective Des ign Criteria and Guide 

Specifications 
4 .  Ensuring the Qual ification of Ins tal l ers of HVAC Control System 
5 .  Promoting the Development of Control S tandards 
6 .  Us ing An Innovative Approach to Contrac ting for Maintenance 
7 .  Developing and Maintaining Federal Expertise in Controls 

These s teps are discussed below . It  wil l  be noted that the first 
four items are bas ical ly intended to bring the prac tices of  federal 
agenc ies more in l ine with practices in the private sector . 

MAKING FULLER USE OF HVAC CONSULTING ENGINEERS 

As discussed in chapter 4 ,  the committee is convinced that federal 
agencies have experienced far more problems with HVAC controls in 
recent years than private owners . As part of its investigation , 
therefore , the committee compared the practices and procedures of 
federal agencies with those of private owners in search of  poss ible 
remedies for federal problems . 

One notable difference in the practices of most  federal agenc ies 
compared to those of most  private owners is in the extent of rel iance on 
the professional architectural and engineering firms that are hired by 
the owner to des ign a des ired facility .  Specifically , whereas most  
federal agenc ies l imit the role of profess ional design firms to  the 
development of des igns in accordance with the agency ' s  des i gn criteria 
and guide specifications (which are often quite detailed) , mos t  private 
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owners give des ign firms a relative ly free hand to execute des igns as 
the des igners deem best . In addition , private owners usually retain the 
design firm to observe the construction and s tart up of the fac i l i ty to 
ensure that the drawings and spec ifications are properly interpreted and 
followed . 

The committee is  convinced that the relat ively lower rate of  HVAC 
control problems on private proj ects can be attributed at leas t in part 
to the fact that the consult ing engineers who des ign private sys tems 
play a larger role in the des ign and cons truction proces s  than des igners 
do on federal proj ects . Apparently the Air Force had reached essen
tially the same conclus ion when it  issued Engineering Technical Letter 
( ETL) 8 3 - 1  (USAF Directorate of  Engineering and Services ) ,  which greatly 
expanded the respons ibility of consulting engineers with regard to the 
des ign of HVAC controls . However ,  as discussed in Chapter 5 ,  the 
committee bel ieves that the approach outl ined in ETL 8 3 - 1  ( requiring 
consulting engineers to prepare highly detailed control drawings ) is 
unreal is tic . The committee proposes , therefore , to expand the role of 
the HVAC consulting engineer on agency proj ects in a different fashion . 

The committee recognizes that the laws and regulations governing 
federal procurement preclude federal agencies from adopting the policies 
and practices of the private sector in toto . However ,  the committee is  
certain that agenc ies could significantly expand the duties and 
respons ib i l ities of HVAC consulting engineers without violat ing any laws 
or regulations , and that the agencies would benefit from doing so . 
Specifically , the committee recommends the following : 

1 .  Agencies should encourage consulting engineers to propose the use 
of control schemes and devices other than those covered in agency des ign 
manuals  and guide spec ifications whenever they believe the government 
would benefit . Agenc ies should cons ider proposed deviations from 
es tablished des ign standards consc ientiously and expedit ious ly . 

2 .  Agenc ies should require consulting engineers to write performance 
specifications that rigorous ly define the location and the accuracy of 
the ins trumentation to be furnished for a particular control function ; 
the prec ise control sequence required for the sys tem ( e . g . , when a 
damper or valve should open and what should cause i t  to open) ; and to 
exactly define the result to be provided by the control sequence in 
actual operation . 

3 .  Agenc ies should retain HVAC consulting engineers to observe the 
ins tal lation of their sys tems , to answer questions that arise during 
cons truction ,  and to he lp ensure that the ir sys tems are ins talled and 
tested properly . 

4 .  Agenc ies should re tain HVAQ consulting engineers to observe the 
s tart up of the ir sys tems and the training of agency operators to ensure 
that the systems are made fully operational be fore they are turned over 
to the government and that agency personnel are properly ins tructed in 
accordance with the proj ect spec ifications . 

The commi ttee recognizes that these recommendations are at odds with 
the current practices of  many agenc ies and that the ir adop tion may 
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require some changes in the policies and contracting procedures of such 
agenc ies . The committee is convinced , however ,  that agenc ies wil l  
reduce the number of problems they experience with HVAC controls  by 
making fuller use of the talents of HVAC consultants than they currently 
do . 

ENSURING THE QUALIFICATIONS OF 
HVAC CONSULTING ENGINEERS 

Obviously , all HVAC consulting engineers are not equal ly qualified , 
and finding consulting engineers who are truly experts in HVAC controls 
c an be difficult .  Indeed , at least a portion of the problems owners 
have experienced with controls in recent years can be attributed to the 
inadequate understanding of many consulting engineers of control theory 
in general and modern digital controls in particular . I f ,  therefore , 
agenc ies are going to rely more heavily on consult ing engineers than 
they do currently to help ensure that they get HVAC systems and controls 
that work properly , as the committee has recommended , agencies must make 
a special effort to ensure that th� consulting engineers they use are 
well  qual ified . 

The problem is that except in the case of alteration proj ects 
involving j us t  HVAC systems , agencies do not have a direct contractual 
relationship with HVAC des ign firms . Usually , agenc ies contract with an 
architectural firm , which in turn subcontracts with an HVAC consulting 
engineer firm for the HVAC portion of the des ign . Although agenc ies 
require that the architectural firms be ing cons idered for a prime des ign 
contract name the HVAC consulting engineer firm they expect to use , the 
qualifications of the HVAC des ign firm is  seldom an important factor in 
the award of  a prime des ign contract , and after a contract has been 
awarded , agencies usually work with the HVAC consult ing engineer only 
through the prime architect . 

This arrangement , which is also the rule in the private sector , i s  
generally favored b y  procurement specialists because it centralizes 
respons ib i l ity for the design effort . This s implifies the task of 
administering the des ign contract , and it generally produces 
satisfactory results . Therefore , it would not be pract ical for agencies 
to award separate contracts for the des i gn of HVAC systems . 

The solution , the committee bel ieves , is  for agenc ies to base the 
award of prime des ign contrac ts in part on the qual ifications of the 
HVAC designers identified on the S tandard Forms 2 5 5  submitted by firms 
seeking prime des ign contracts . Spec ifically , the committee recommends 
that agenc ies ( 1 )  indicate in the ir announcements of need for des ign 
services that the qual ifications of HVAC des igners - - and in particular 
the ir knowledge of controls - -will be a maj or cons ideration in the 
contract award ; and ( 2 )  carefully review the information submitted 
regarding the qual ification of HVAC des igners and the ir work on previous 
proj ects when selec t ing a prime des ign firm . 

45  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

Con t ro l s  f o r  Hea t i ng ,  Ven t i l a t i ng ,  and  A i r -Cond i t i on ing  Sys tems
h t tp : / /www.nap .edu /ca ta log .php? reco rd_ id=19105

http://www.nap.edu/catalog.php?record_id=19105


DEVELOPING MORE EFFECTIVE DESIGN CRITERIA AND 
GUIDE SPECIFICATIONS 

Most federal agenc ies publish .two types of standards deal ing with 
the des ign of buildings and building sys tems ( including HVAC systems ) : 
Des ign Criteria ( sometimes referred to as des ign manuals or design 
guideline s )  and guide specifications ( sometimes called master spec ifica
tions or model specifications ) . These general s tandards complement the 
proj ect- specific criteria that agenc ies develop for each individual 
proj ect . Architects and consulting engineers are given both the 
applicable general s tandards and proj ect - specific criteria when they 
rece ive a design contract . 

Des ign criteria documents set forth an agency ' s  general requirements 
and prohibitions regarding the des ign of buildings and related 
facil ities and the sys tems of which they are composed . Typically , 
criteria documents describe the various systems and subsystems that can 
be used and indicate where each may and may not be employed .  
Frequently , criteria documents also present general performance 
requirements for systems and indicate by descriptive material or 
reference to other published documents the analytical procedures to be 
used in des igning the systems in question . 

Guide specifications are model spec ifications that , after editing , 
become proj ect spec ifications - - i . e . , they become part of the 
construction contract package . Guide specifications indicate for each 
material , component , and sys tem that might be ins talled in the 
fac il ities of an agency the commerc ial or government s tandards to which 
the item should conform or be tested , the performance requirements for 
the item , any special features to be included or materials to be used , 
and the procedures to be followed or precautions to be taken in 
assembl ing , install ing , or erecting the item . Guide specifications also 
sometimes include additional requirements like special labels to be 
provided and special tests to be conducted . 

Des ign criteria and guide specifications serve several important 
functions for federal agencies : They establish minimum requirements , 
they help ensure that errors made and problems encountered on one 
proj ect will not be repeated on subsequent proj ects , they identify 
suitable types of products , and they minimize the likel ihood of protests 
from contractors and manufacturers because of violations of federal 
acquisition regulations . The latter function is particularly important 
s ince federal regulations prohibit the inclus ion in government 
specifications of the type of arbitrary or restrictive requirements 
often found in private specifications . In order to avo id having 
proj ects delayed due to protes ts or be the cause of litigation , most  
agenc ies have developed guide specifications and ins ist on · the ir use by 
designers . Agenc ies have issued guide specifications because they have 
found that writing spec ifications that protect the government ' s  
interes ts and at the same time satisfy the federal procurement 
regulations can be difficul t and that few private architects or 
engineers have the time or experience needed to develop government - type 
specifications . 
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In mos t  cases the federal approach of requiring architects and 
engineers to follow agency des ign criteria and to use agency guide 
spec ifications has produced satisfactory results . However ,  the approach 
obviously has not worked well  in recent years with regard to HVAC 
controls . 

The committee suspects that the government approach has not worked 
with HVAC controls in recent years primarily because it is des igned 
mainly to ensure free and open competition , and this depends on the 
availability of a number of s imilar items of essentially equal qual ity 
from several different suppliers . This s i tuation usually exists after a 
technology has matured because , over time , the products offered by 
manufacturers tend to fall  naturally into categories ,  and products 
within a given category are roughly equivalent . This categorization 
process  occurs as manufacturers learn what works and what doe s  not work 
and what sells and what does not sell . In some cases the product 
categories are codified through the development of formal consensus 
s tandard . In other cases , product categories remain informal . 
Regardless , once product categories have developed , it is possible to 
prepare standard des ign criteria and generic guide spec ifications for 
the products in question .  Inasmuch as HVAC control technology has been 
evolving rap idly in recent years , the natural categorization process has 
not had a chance to work for newer control concepts and products . 
Consequently , the modern HVAC controls available from manufacturers are 
not suffic iently s imilar to permit generic specifications and s tandard 
des ign criteria to be prepared . 

As discussed in the previous chapter , various federal agencies have 
developed new criteria , spec ifications , and procedures that inter alia 
are intended either directly or indirectly to address  problems caused by 
the newness  of HVAC control technology . However , as also discussed in 
the previous chapter , the committee doubts that the agency actions will  
succeed . The committee believes that the key to cop ing with rapidly 
changing technology is having the ability to adj ust quickly and 
dec isively to changes .  Unfortunately , the government ' s  approach tends 
to be inflexible and slow to react because the criteria and specifica 
tion development process is inherently cumbersome and time consuming . 

The upshot is that the government is in a predicament for which 
there is no easy solution . In order to deal effectively with the rapid 
developments taking place in the HVAC controls indus try , the agenc ies 
cannot continue to use traditional des ign criteria and guide 
spec ifications , but they cannot dispense with their des ign criteria and 
guide specifications for controls without risking a multitude of 
protests and disputes on every proj ect . 

While the committee does not see any complete solution to the 
agenc ies ' dilemma , it bel ieves that there are several interim s teps that 
the agencies can take that will help the situation until the rate of 
change in HVAC control technology decreases to a reasonable level ; 
spec ifically ; the committee believes that agencies should : 

1 .  Modify the ir direc tives to HVAC consulting engineers to 
encourage thea to propose the use of sys tems and requirements that 
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differ from agency des ign criteria and guide spec ifications whenever 
they believe the government would benefit .  

2 .  Establish mechanisms for quickly reviewing and acting on 
requests from consulting engineer� for waivers from the provis ions of 
published des ign criteria and guide specifications . 

3 .  Adopt the practice of reviewing and updating HVAC des ign 
criteria and guide spec ifications annually to incorporate recent changes 
in control technology . 

Finally , the committee believes that the current guide 
specifications of some agenc ies may be unnecessarily permissive with 
regard to HVAC controls . When reviewing samples of agency guide 
specifications the committee found , for example , that some agencies 
permitted virtually any type of system ( except DDC) to be used at the 
contractors discretion , and that some agenc ies included few requirements 
regarding the qual ity of the control components to be ins talled . While 
the committee is not expert in federal acquisition regulations , it  
appears that some current guide specifications are excess ively 
permiss ive . Therefore , the committee recommends that agencies review 
the ir guide specifications to determine if some additional restrictions 
and requirements aimed at improving the quality and maintainability of 
controls  ins talled on government proj ects might be in order . Although , 
as discussed in chapter 5 ,  the committee does not agree with the general 
concept of the CERL s tandard panels or some of the provis ions of ETL 
8 3 - 1 ,  the committee believes that the spec ifications for the CERL panels 
and ETL 8 3 - 1  both include a number of worthwhile detailed requirements 
that should be incorporated in traditional guide spec ifications . Given 
the extent of problems agenc ies have experienced , it would seem that 
agenc ies could j ustify be ing somewhat more demanding than they have been 
in the pas t . 

ENSURING THE QUALIFICATIONS OF INSTALLERS OF HVAC 
CONTROL SYSTEMS 

The one factor that was mentioned more than any other by all 
categories of HVAC spec ialists from whom the committee received input 
( government engineers , consulting engineers , and manufacturer 
representatives ) as a cause of problems with HVAC controls in federal 
buildings was the failure of federal agenc ies to restrict bidders on 
government proj ects . Indeed , the procurement practice of the federal 
government that sets it apart mos t  from other building owners is the 
inability or unwill ingness  of federal agenc ies to place restrictions on 
who can bid on or supply products for federal proj ects - - except in very 
unusual s ituations . 

Although the Federal Acquisition Regulations (48 CFR CH 1 ,  part 9 )  
require contracting officers to make an affirmative determination that 
an organization be ing cons idered for a contract award is " respons ible"  
( i . e . , ful ly qual ified to  fulfill the contract) , in  practice 
organizations are seldom j udged not to be respons ible because of the 

48 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Contro ls  for  Heat ing,  Vent i la t ing,  and Air -Condi t ioning Systems
http: / /www.nap.edu/cata log.php?record_id=19105

http://www.nap.edu/catalog.php?record_id=19105


difficulty of substantiating such a determination . The federal 
government also has a mechanism for precluding contractors that have 
performed unsatisfactorily in the past from receiving another contract 
for a period of time ( gene rally not more than 3 years ) . However ,  
because the procedures for getting a contractor debarred are complex and 
timeconsuming , agenc ies use them infrequently . Thus , mos t  government 
contracts are awarded to the organization that submits the lowest bid 
and can obtain a performance bond . This practice has two detrimental 
effects : 

• First , it leaves government agenc ies without recourse to one of 
the most effective methods consumers have of convincing contractors and 
manufacturers to fulfill their obl igations to give satis factory service 
or provide satis£actory products ; namely , the threat of the loss of 
future bus iness . By choos ing not to place restrictions on bidders 
and suppliers , agencies give up the threat to penalize a contractor or 
manufacturer on future proj ects . Contractors and manufacturers know 
that almost no action short of outright fraud will cause them to lose 
the right to bid on future government work . Consequently , incompetent 
or lax firms have little incentive to improve their performance and 
unscrupulous firms know they are at l iberty to use every loophole and 
amb iguity they can find in the spec i fications without fear of 
retribution . 

• Second , it virtually precludes agenc ies from requiring that 
suppl iers of complex systems be experienced . Having experience is 
particularly important with systems l ike HVAC control systems that 
involve not j us t  equipment but also appl ication engineering . If  
necessary , individual pieces of  equipment can be  inspected and tested 
before installation to ensure that they will  perform properly . However ,  
complex sys tems often cannot be evaluated until they have been put into 
operation and by that time it is too late to make maj or changes .  The 
bes t  way to ensure the performance of complex systems is to use only 
suppl iers with proven records on accomplishment . Federal agenc ies , 
however , find it difficult to do this . 

As discus sed in chapter 5 ,  several agencies have developed special 
procurement procedures that addres s  this problem by awarding contracts 
for complex sys tems l ike EMCS on the bas is of proposals , with the 
qual ifications of  the contractors be ing one of the factors cons idered . 
While this approach seems appropriate when a complex sys tem is being 
procured separately , it would seem to be inappropriate when the system 

* 
This threat can be particularly effective if  the architect and 

consulting engineer are involved during the cons truction phase s ince a 
recalcitrant contractor or manufac turer risks los ing no t j us t  the 
owner ' s  future bus iness  but also work on future proj ects the 
architect/engineer des igns . This is another reason for adopt ion o f  the 
committee ' s  previous recommendations about making full use of HVAC 
consul ting engineers . 
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is be ing procured as part of a building for which a fixed- price contract 
is to be awarded on the bas is of sealed bids . In such cases , which are 
common , agenc ies probably . need to �reat HVAC controls l ike all other 
building systems . 

Private owners can deal with the situation arbitrarily by , for 
example , s tipulating which subcontractors can be used on a proj ect . The 
committee understands that federal agenc ies cannot make arbitrary 
decis ions as private owners do . However , the committee bel ieves that 
agenc ies could be somewhat more selective than they are now . In fact , 
the Federal Acquisition Regulations seem to require it . As noted above , 
the regulations require contracting officers to verify that a prospec 
tive contractor is  respons ible before awarding a contract . The regula
tions indicate that in order to  be j udged respons ible a prospective 
contractor must have adequate financial resources ; be able to comply 
with the required del ivery or performance schedule ; have a satisfactory 
record of performance ; have a satis factory record of integri ty and 
bus iness ethics ; have the necessary organization , experience , opera
t ional controls , and technical skills ; have the necessary equipment and 
fac i l i ties ; and if the situation warrants , meet other respons ibility 
s tandards that the contracting officer may impose . In addition , the 
regulations indicate that the burden of proving respons ibi l ity is on the 
prospective contractor and that the contracting officer should make a 
determination of nonrespons ibility if the information obtained does not 
indicate clearly that the prospective contractor is  respons ible . 

The regulations also indicate that respons ibi l i ty requirements can 
be imposed on subcontractors (which HVAC control vendors usually are ) . 
The regulations state that a prospective prime contractor may be 
required to provide written evidence of  a proposed subcontractor ' s  
respons ibility and that a determination regarding the prime contractor ' s  
respons ibility can be l inked to the subcontractors respons ib i l i ty .  

Contracting officers appear , therefore , already to have sufficient 
authority to ensure that contrac tors and subcontractors on government 
proj ects are qualified . The committee recommends that agenc ies use that 
authority fully with regard to ins tallers of HVAC control systems . 

PROMOTING THE DEVELOPMENT OF CONTROL STANDARDS 

As noted previously , one of the main concerns agenc ies have about 
us ing proprietary HVAC control sys tems for which all components are 
suppl ied by a s ingle vendor is that once such a sys tem is ins talled , all 
spare parts ( and in some cases all repair service ) and all parts to 
expand the sys tem mus t be obtained from the original vendor . This  
s ituation el iminates competition , which the agenc ies believe increases 
the ir maintenance , repair , and alteration costs . 

The problem is not serious with traditional pneumatic and electronic 
analog controls because the components of the various manufacturers of 
such sys tems often are s imilar enough that they can be intermixed 
without too much difficulty . The problem is very serious , however , with 
modern , highly integrated digital control sys tems . The components used 

50 

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .

Con t ro l s  fo r  Hea t ing ,  Ven t i l a t i ng ,  and  A i r -Cond i t i on ing  Sys tems
h t tp : / /www.nap .edu /ca ta log .php?record_ id=19105

http://www.nap.edu/catalog.php?record_id=19105


in these systems employ microprocessors that respond to and/or generate 
specific digital s ignals , and unless the s ignals are in precisely the 
right form they are meaningless to the microprocessors . The rules that 
define the nature and meaning of the s ignals used in a control system 
are known as protocols . These protocols , which can be very complex , 
currently are developed separately by the various system manufacturers , 
and the absence of s tandards for control system protocols precludes the 
mixing of components of different manufacturers or interconnecting one 
manufacturer ' s  system with another manufacturer ' s  sys tem . 

For the reasons mentioned above , federal agencies are frustrated 
about the current s i tuation and their frustration is  likely to increase 
as the use of direct digital controllers becomes more widespread and as 
more and more manufacturers of HVAC equipment ( e . g . , chillers , air 
handling units and other packaged equipment) begin using micro 
processors to optimize the performance of their units . Mos t  owners 
recognize that the s i tuation can be corrected only if s tandardized 
communications protocols for HVAC control systems are developed . 

Efforts to Date 

The difficulties owners experience because of their inability to 
interconnect the control components and sys tems of different 
manufacturers are not unique to the building controls field . S imilar 
problems exist in the data process ing industry , and some steps have been 
taken by that industry to reduce interconnection problems . In the late 
1970s , for example , Technical Committee 97 ( on Information Process ing) 
of the International Organization o f  Standardization ( ISO ) developed the 
Reference Model of Open System Interconnection (OSI ) to serve as the 
framework for development of future standard protocols for networks of 
heterogeneous systems . In the OSI reference model , the problem of  
inter - sys tems communication is approached us ing a layering architecture 
to break the problem into manageable p ieces . Seven layers were 
identified starting with the application layer as the highest and 
proceeding through the presentation , sess ion , transport , network , data 
link ,  and the phys ical layer , which is the lowe s t . 

One protocol , which is based on the ISO seven- layer reference model , 
and which is becoming very important in the indus trial controls area , is 
the Manufacturing Automation Protocol (MAP ) , which was introduced in 
July 1984 by General Motors (GM) and seven other participants . While 
further development of  the MAP s tandard is needed , the main impediment 
to the use of MAP in building control processes is its high cost . Even 
if  the cos t per node connection of an MAP -based system were to drop to 
$2 , 000 over the next two years as expected , MAP would still  be too 
expens ive and have too many capabil ities for building control 
applications , where low firs t cos t  is critical and communication 
requirements are no t excess ive . 

A different approach to l inking multiple independent control systems 
to obtain a coherent facil ities management sys tem has recently been 
adopted by the IBM Corporation . As noted in chapter 3 ,  IBM has 
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developed a " Facil ities Automation Communication Network" ( FACN) 
protocol spec ification . It  is based on the use of IBM PC ' s  as 
" translators " for connecting non- IBM microprocessor -based DDC systems 
with an IBM " facility host"  computer running vers ion " D "  of IBM ' s  
" General Purpose Automation Executive " (GPAX-D)  program . To date 
several control companies have completed the acceptance testing require 
ments for bidding on IBM proj ects us ing the FACN protocol , and more 
companies are expected to meet these requirements in the near future . 
One l imitation on the application of this approach in the public sector 
is that it requires the use of IBM or IBM- compatible PC ' s  at the front 
end and an IBM Series 1 computer as the host to the several systems . 

Two other developments that have the potential to improve communica
tion between building control systems suppl ied by different vendors are 
the " Publ ic Host Protocol 1 , "  which American Auto -Matrix has offered to 
the industry as a pos s ible s tandard , and software recently released by 
several companies that allow EMCS from different manufacturers to be 
linked to a s ingle IBM PC or compatible computer .  While the latter 
software is not the same as full integration of different systems , it 
does reduce the user interfac ing problems assoc iated with having to deal 
s imultaneously with a number of different EMCS . However , like the IBM 
approach , these sys tems are concerned only with linking a host computer 
to an EMCS . 

Review of Options and Opportunities 

I t  is clear from the above discuss ion that there is widespread 
recognition of  the need for a communication protocol standard for 
computer ized HVAC control sys tems and that some laudable efforts related 
to the development of a s tandard have already been initiated . However , 
none of the actions taken to date are l ikely to bring about the degree 
of industry -wide protocol s tandardization that building owners seek . 
S imilarly , although several control vendors indicated in mee tings with 
the committee willingness to cons ider participating in the development 
of a protocol standard , mos t  of the vendors were obvious ly not enthus i 
astic about the idea and would not take the lead in the effort . The 
lack of enthus iasm among vendors for protocol standards is probably due 
to the ir concerns about the possib i l i ty of greater price competition and 
the pos s ible stifl ing of innovations in controls . While the committee 
understands such concerns , it bel ieves the potential advantages of open 
protocol far outweigh the potential disadvantages .  I t , therefore , 
investigated various options and opportunities for getting protocol 
s tandards developed . 

One pos s ibil ity that the committee cons idered was to have the 
federal agenc ies take the lead in develop ing a s tandard protocol . The 
U . S .  Government , with all its military and civil ian fac i l ities , buys 
enough HVAC control sys tems each year to dictate the communications 
protocol that these sys tems will use . One problem , however , is  that the 
military and c ivilian appl ications are very diverse and i t  is unl ikely 
that there is one solution that is best  under all c ircums tances . Also , 
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it is important that any protocol supported by the government also meet 
the needs of  the private sector . The committee concluded that this 
probably would not occur if  the government controlled the effort to 
develop a s tandard . 

After learning that the American Society of Heating , Refrigerating 
and Air - Conditioning Engineers (ASHRAE) had formed a special proj ect 
committee to define a s tandard communications protocol for EMCS , the 
committee investigated the likelihood that the ASHRAE effort would 
result in the development of the type of s tandard it believes is 
needed . The committee was unable to arrive at a firm conclus ion because 
the nature and scope of the ASHRAE effort is  still evolving . However , 
i t  is believed that the ASHRAE committee will concentrate initially on 
developing an upper level protocol for l inking an EMCS to a hos t  
computer .  Also , the leader of the ASHRAE effort (Mr . Michael Newman o f  
Cornell  Univers ity)  has indicated that the speed with which a s tandard 
is developed depends on how quickly and how intensely vendors get 
involved . Inasmuch as vendors have expressed little enthus iasm for a 
protocol s tandard , the committee doubts that the ASHRAE e ffort will bear 
fruit very soon , especially with regard to lower level protocols . 

The committee also explored the pos s ibility of getting another 
private organization to take on the task of developing protocol 
s tandards . It found that the Intell igent Building Institute ( IBI ) , a 
trade assoc iation dedicated to promoting building automation , had 
already started work on the task . However , the committee also 
discovered that IBI expected the proj ect to be expens ive and that it 
doubted the work could be completed without outs ide financ ial support . 
IBI noted that i t  hoped to develop protocols to support various building 
sys tems bes ides HVAC sys tems ; e . g . , l i ghting sys tems , l i fe safety 
sys tems , and secur i ty sys tems . 

The committee was impressed with the IBI approach because it is 
based on a sound overall concept involving four levels of  protocols : 

• Level I would permit point to po int or sensor to sensor 
communication . 

• Level I I  would permit remote intelligent microprocessors , to 
which sensors are connected , to communicate with other intel l igent 
microprocessors . ( This level would cover DDC modules communicating with 
other DDC modules . )  

• Level I I I  would permit hos t  level computers to communicate with 
other hos t  level computers . (These hos t  computers could be e i ther PC ' s  
or minicomputers . )  

• Level IV would permit communication at the Information Management 
Network Leve l . 

Under the IBI concept , the protocol at each level would conform to 
the OS I seven- layer model . To save money and time , pro tocols that 
already exist would be used to the extent pos s ible . IBI expressed the 
belief that available protocols  could in fact be used for level I and 
level IV protocols . IBI estimated that the development of level I I  and 
leve l I I I  protocols might take 5 to 6 years and could cost $4 million .  
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The IBI proposal is very interesting , and it includes a realistic 
time - table and cost estimate . Also , the IBI membership includes many of 
the control companies that would have to participate in the protocol 
development process . The estimated cost is relatively high , but the 
potential benefits are also high . Although a portion of the cost might 
be borne by private companies , IBI would probably need some funding from 
federal agenc ies to complete the work in a reasonable period of time . 

Conclus ions and Recommendations 

The development of protocol s tandards for HVAC controls would be of 
great benefit to all building owners , including federal agenc ies , 
because it would increase competition , particularly for spare parts and 
maintenance service , and it would � implify the j ob of operating 
personnel who are respons ible for facilities in which a variety of  
different control systems are installed . Protocol  s tandards would be 
especially helpful to  federal agenc ies because it would ease the task of 
preparing non-proprietary specifications , which agenc ies are almost 
required to  use by the Federal Acquisition Regulations . In fact , the 
committee believes that the development of  open protocols is  the s ingle 
mos t  press ing need with regard to HVAC controls , and it unanimously 
endorses the development of protocol s tandards . The committee bel ieves 
that there is an especially press ing need for a protocol standard to 
permit DDC modules of different manufacturers - - including the DDC modules 
now being installed by HVAC equipment manufacturer on the ir units - - to 
communicate with one another .  

The committee recognizes , however , that the development of a 
protocol s tandard would be a very difficult task . Not only would the 
e ffort be technically challenging , but it would also generate heated 
disputes among the various control manufacturers striving to gain or 
maintain a competitive advantage . In the c ircumstances , there is  no 
assurance that the effort would be success ful . However ,  the potential 
benefits are suffic iently great that federal agencies ought to encourage 
and support the initiation of the effort , and the sooner the effort 
begins , the sooner the agenc ies and the indus try as a whole could 
real ize the benefits . 

Of the various protocol - development proj ects reviewed by the 
committee , the one proposed by the IBI would appear to have the bes t 
chance of  produc ing worthwhile results in a reasonable period of time . 
The IBI program appears to be well  planned and based on a sound concept , 
and most important , it is the only program that appears l ikely to 
produce the all - important Level II  protocol standard ( i . e . , the standard 
for DDC modules ) in the foreseeable future . The committee · recommends , 
therefore , that agencies give favorable cons ideration to reques ts from 
IBI for financ ial support . 

The committee further recommends that any IBI effort be actively 
reviewed for acceptability by the ASHRAE group involved in develop ing a 
protocol standard . In addition , the committee also believes the 
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National Bureau of Standards should have a supportive role in reviewing 
the technical work of both IBI and ASHRAE . 

AN INNOVATIVE APPROACH TO CONTRACTING FOR MAINTENANCE 

Building owners expect some maintenance problems with complex 
systems ; however , agencies believe that their problems with HVAC control 
systems in recent years have been excess ive . The nature of , possible 
reasons for , and various ideas for solving the problems agenc ies have 
encountered have been discussed at length in previous sections of the 
report . One important issue that has not been addressed , however ,  is 
the quali ty of  the maintenance work performed on government HVAC 
controls .  

Traditionally , most federal agenc ies have used government employees 
to maintain mos t  of their building sys tems , including HVAC controls . 
( One exception to this general rule has been elevators , which usually 
have been maintained by private firms under contract . )  In recent years , 
however , more and more agenc ies have been contracting for building 
maintenance and repair work , especially for complex items l ike HVAC 
control systems . Three factors have contributed to this trend : The 
growing complexity of building systems , reductions in government s taff 
levels , and increased emphas is on the government pol icy to procure goods 
and services from the private sector whenever it is  cost effective . 

Federal agenc ies could not provide the committee with statistics on 
the percentage of their HVAC control sys tems that were maintained by 
government employees and the percentage that were maintained under 
contract or the relative effectiveness of the two approaches .  However ,  
it  was the general fee ling of the agency personnel who worked with the 
committee that the contract maintenance approach generally has given 
good results , but that it is expens ive . These views are in line with 
the experiences of mos t  of the committee members . Consequently , as part 
of its study , the committee looked for ways of improving agency 
procedures for contracting for the maintenance and repair of HVAC 
controls . 

After analyz ing the si tuations , the commi ttee concluded that the 
bes t  organization to get to maintain a control sys tem would be the 
original manufacturer s ince its personnel should know better than the 
personnel of any other organization how the sys tem was ins talled and how 
it should function . Indeed , with some especially sophisticated systems 
it is poss ible that only the original manufacturer has the knowledge 
needed to maintain it . Also , the original manufacturer has a spec ial 
incentive to make sure that the sy� tem continues to operate properly 
s ince its reputation is at stake if the sys tem fails . 

The problem with ins isting on hiring the original manufacturer ,  or 
any o ther spec ific organization , to maintain the sys tem is  that it 
becomes a sole - source procurement , which is  almo s t  always more expens ive 
than a procurement involving competition . However ,  a member of the 
committee - - Donald Coggan- -has proposed a solution to this problem . In 
Gaining Control - - the Building Control News letter (Augus t 1984) ,  Coggan 
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suggested that owners require manufacturers to include the cost of long 
term service ( e . g . , 5 years ) in their bids for supplying the system 
initially . By so doing , he said , owners would force manufacturers to 
compete on service cost as well as first cost . He estimated that with 
competition the annual cost of a service contract would drop from 
between 12 percent and 15 percent of the first cost of the system to 
between 4 percent and 5 percent of the first cost of the system . 

Another potential benefit of the concept is that it would encourage 
manufacturers to supply highly reliable components and to make sure that 
they are installed properly in order to minimize future service costs . 

There are of course many details associated with the use of the 
concept that would have to be worked out . For example : 

1 .  How to apply the concept on proj ects involving the construction 
of an entire building in which the HVAC control system is  j us t  one small 
element , and the prime contractor ordinarily submits a lump sum 
bid for the total proj ect . One solution would be to issue a separate 
invitation for b ids for the HVAC control system and award a separate 
contract for it . Another solution would be to require each prime 
contractor to include in his b id ,  as options , at least three separate 
sub -bids from HVAC control manufacturers , any one of which the agency 
could select . 

2 .  How to cancel the agreement in the event the service provided is 
unsatisfactory . One solution would be to require the service contractor 
to pay a prescribed penalty if th& government cancels the agreement for 
poor contractor performance ; the amount of the penalty to be paid 
presumably would decrease with time . 

Although the approach outl ined might be cumbersome to use in some 
cases , it appears to offer several advantages over other methods of  
contracting for service for HVAC controls . The committee recommends , 
therefore , that agencies use it at leas t on a trial bas is  on several 
proj ects . 

DEVELOPING FEDERAL EXPERTISE  IN CONTROLS 

Even though federal agenc ies depend heavily on private consulting 
engineers , manufacturers , and contractors to des ign ,  manufacture , 
install , and maintain HVAC control sys tems , agencies need to have at 
leas t a few full t ime employees who are experts in HVAC controls to 
perform such functions as preparing design criteria , wri ting guide 
spec ifications , evaluating the capab i lities of consulting engineers 
seeking des ign contracts , reviewing proposed sys tem des igns , evaluating 
vendor proposals , inspecting and testing completed sys tems , evaluating 
the work of maintenance contractors , and generally helping to resolve 
problems that occur . 

Agencies need employee experts to carry out such functions with 
regard to all facets of cons truction ; however , whereas experts in most 
construction spec ialties are in abundant supply , experts in modern HVAC 
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control s  are scarce . This is mainly because control technology has 
changed so dramatically in the past few years that only a few engineers 
have had a chance to become thoroughly famil iar with the new concepts , 
aa1d those who do understand them are in great demand . Agencies must , 
therefore , take spec ial measures to insure that they maintain an 
adequate level of in-house expertise . 

Currently , most agencies seem to have at least a few engineers who 
are well  informed on the subj ect . The immediate challenge for the 
agencies is to make effective use of those l imited resources .  In the 
future the supply of experts in HVAC controls undoubtedly will expand . 
However , that will not necessarily ensure agenc ies of an adequate level 
of in-house expertise in the technology . This is because control 
technology is so  complex that an engineer must work with it continually 
�n order to maintain his expertise . Consequently , even after HVAC 
control experts are no longer scarce , agencies will  need to take steps 
to ensure that the ir in-house experts are used properly . 

The committee believes that the best solution to both the short 
term and long- term problems is for agencies to form spec ial permanent 
teams of HVAC control experts to handle all important tasks relating to 
the acquisition of HVAC controls . The committee is convinced that a 
centralized approach is needed because of the unusual ly complex nature 
of the technology . 
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Adductor 

A1gorithm 

Digital Data 

Digital Device 

Direct Digital 
Control 

Central Process ing 
Unit 

Chiller 

Control , Integral 

Control , PI  

GLQSSABY 

A device either electrically , pneumatically , or 
hydraulically operated , which changes the pos ition 
of a valve or damper . 

A procedure for solving a recurrent mathematical 
problem . 

Data in the form of digits or interval quantities . 

A device that operates on the bas is of  discrete , 
numerical techniques in which the variables are 
represented by coded pulses or states . 

A control loop in which a digital controller 
periodically updates the process as a function of 
a set of measures control variables and a given 
set of control algorithms . 

The portion of a computer that performs the 
interpretation and execution of instructions . It  
does not include memory or  I/0 

A refrigeration machine us ing mechanical input to 
drive a comp�essor to generate chilled water . 

A control algorithm or method in which the final 
control element is moved in a corrective direction 
at a rate proportional to the deviation ( error) of 
the controlled variable until  the controller is  
satisfied or until  a movement in the other 
direction is called for . Also called proportional 
speed floating control . 

Proportional/Integral Control . A control 
algorithm that combines proportional (proport 
ional response)  and integral ( reset  respons e )  
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Control ,  
Proportional 

Economizer Cycle 

Local Loop 
Controls 

Microprocessor 

Protocol 

Sensors 

Software 

Variable Air 
Volume 

control algorithms . Reset responds to correct the 
offset resulting when proportional control alone 
is used . Also called proportional -plus -
reset control and two -mode control . 

Control act ion in which there is  a continuous 
l inear relation between the output and the input . 
This condition app lies when both the output and 
the input are within the ir normal operating 
ranges .  

A method of operating a ventilation system to 
reduce refrigeration load . Whenever the outdoor 
air conditions ( lower air temperature and/or 
humidity) are more favorable than return air 
conditions , outdoor air quantity is increased . 

The controls for any system or subsystem which 
existed prior to the installation of an EMCS and 
which will continue to funct ion when the EMCS is  
non- operative . 

A central process ing unit fabricated as one 
integrated circuit . 

A formal set of conventions governing the format 
and relative timing of message exchange between 
two terminals . 

Devices used to detect or measure phys ical 
phenomena . 

A term used to describe all programs whether in 
machine , assemb ly , or high - level language . 

An air distribution system that meets the needs 
of the conditioned space by varying the amount of 
conditioned air brought to the space . 

60  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C o n t r o l s  f o r  H e a t i n g ,  V e n t i l a t i n g ,  a n d  A i r - C o n d i t i o n i n g  S y s t e m s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 1 0 5

http://www.nap.edu/catalog.php?record_id=19105


ASCII 

ASHRAE 

CERL 

CPU 

DDC 

EMCS 

FACN 

FCC 

GPAX 

HVAC 

IBI 

IEEE 

ISO 

MAP 

OS I 

PI 

PID 

ABBREVIATIONS 

American S tandard Code for Information Interchange 

Amer ican Society of Heating , Refrigeration and 
Air - Conditioning Engineers 

Construction Engineering Research Laboratory 

Central Process ing Unit 

Direct Digital Control 

Energy Management and Control Systems 

Fac i l i ties Automation Communication Network 

Federal Construction Counc i l  

General Purpose Automation Executive 

Heating , Ventilating , and Air Conditioning 

Intel l igent Bui ldings Institute 

Institute of Electrical and Electronic Engineers 

International S tandards Organization 

Manufacturing Automation Protocol 

Open System Interconnection 

Proport ional plus Integral 

Proportional plus Integral plus Derivative 
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