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Evaluating and pre-selecting a DDC system uses criteria based on
three items related to long-term systems performance: System selec­
tion, system implementation, and system support. The selection pro­
cess is based on clearly defined objectives, and a six-step selection
process which is described in this article.

GENERAL

Building Automa tion Systems (BAS) are closely associated with the
hi-tech and comp uter industr y. Hi-t ech ind us tries by their nature are
undergoing rapid changes, and are competitive. Evolution and a highl y
compe titive market results in never ending changes to sys tems hardware
and sof tware, and changes of vendors' org an izations (and sometimes of
their owners) that are marketing and su pporting such sys tems.

DOC ma n ufac ture rs in tro d uce new products, on av erage, eve ry
five years and product upgrad es annually. DOC sys tems provide a reli­
able hard wa re platf orm , sophis tica ted applicat ion programs, and are
"user friendly" for ope ra tors and maintenance.

Build ing owners- and users of BAS sys tems- bene fit from the si tu­
ation th rou gh compet itive pricing . At the same time, they feel the pres­
sure origina ting from frequen t in trod uction of new sys tem s and instabil­
ity of the compa nies bring ing them on the market.

Vulnerability is further enhanced by owners' needs for lon g-term
sys tem support.

Man y cen tra lized BAS we re up grad ed to distributed DOC sys tems
over the pas t decad e. Distr ibuted DOC sys tems became syno ny mo us
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wit h HVAC con trol sys tems, providing environmen tal cont ro l for build­
ings. DDC sys tems have completely cha nge d the con trols indus try ­
from systems development, thr ou gh implemen tation, support and main­
ten ance.

Long-term performance of installed DOC sys tems depen d on three
componen ts:

•
•
•

selection DOC svstern
system implemen tation
sys tem support

DDC SYSTEM SELECTION

Selection of DOC sys tems for any given project sho uld be in com­
pliance with long-term development goals relat ed to the facility' s auto­
mation. The task is chall engin g, cons ide ring budgeting criter ia, funding
po licies related to individual projects, and DOC sys tems selection based
on the lowest initial cos t in the design-bid p rocess. Considering the cos t
of installed systems and their life span, wh ich is 10 to 15 years or lon ger,
ow ners sho uld protect th is subs tan tial investm ent by selecting syste ms
in accorda nce with their long-term automa tion goa ls.

Due to complexity of DOC sys tems, the team involved in sys tem
selection should have a thorough understanding of DOC sys tems , their
fea tures and communica tions op tions. The team sho uld focus on the
following key items:

DOC System Architecture
Selection of the most appropriate architecture is probably the bes t

prot ection of the owner's investm ent. Prop erly chosen hard ware, sof t­
ware and comm unications assures future expa ns ions of DOC systems ,
th eir upgrad es, int erfaces to third-p arty sys tems and so ftwa re, and
interop erability of DOC sys tems via facilities netw orks.

To pr otect the ir investments, owners should be looking for "po p u­
lar " elemen ts in sys tems. For exa mple, DOS ope rat ing system, Windo ws,
Lotus or Excel becam e so popular that they are s tandards on their own
merits. Among the spec ialty software item s, on e sho uld look for dBa se
for date base managem ent , AutoCAD and AutoSke tch for grap hic so ft­
ware, Dynami c Data Exchange (DOE) for sha ring information between
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individual programs, etc. Many automation vendors base their automa­
tion software on the above pieces of software, or are using them in their
systems.

It is equally important to choose "industry standard" hardware
platforms (i.e. PCs), processors (i.e. Intel, Motorola), external data stor­
age media (i.e, diskettes, tapes, CDs) , communications modes (i.e. RS­
232, 485, Ethe rnet, ARCNET). Layered systems architecture, based on
" levels" of computing (i.e. building, system, equipment levels) provides
an economical solution to hardware and wiring cost optimization, sys­
tem s compartmentalization, and a platform for future expansions.

System s connectivity and interoperability is becoming more and
more an issu e for faciliti es. Many BAS systems manufacturers changed
their systems architecture (and their attitudes) from proprietary to so
called "open" sys tems.

Having an op en system means that DOC vendors made their inter­
face protocols available to other system vendors, who can write interface
protocol s to these syst ems, if they desire to do so. The same approach
applies to communication drivers. Popularity of open systems and com­
munication driver s is a positive sign leading to future support of popular
prot ocols by vend ors and systems houses. Many op en systems and driv­
ers will fad e away over time.

How ever, some of them will become "industr y stand ards," used
and supported by systems vendors, independent systems houses or
sys tems int egr ators. There are numerous attempts to standardize com­
municati on s protocols for the automation industry. In the past few
years, there were two so-called standard protocols (approved by re­
lated agenc ies) introduced for building automation systems: the Cana­
dian Autom ated Building (CAB) protocol, approved and released for
public use by Public Works Canada in 1992, and the BACNet, ap­
prov ed and release d by ASHRA E in 1995. Their succ ess will be deter­
min ed by their popularity among DDC vendors, and their acceptance
bv the users.

DDC Hardware Architecture
Trend s in automa tion systems are toward distributed processing .

The most po p ular architectures are using con trollers dedi cated to contro l
single equipment (i.e. a VAV box, fan coil unit) , larger , more com plex
mechan ical systems (i.e. air handl ing units, roof top units), or con cent ra-



1-1 Strategic Planning for Energv and the Environment

lion of such eq u ip me n t (i. e, in building mechanical rooms, power
plants). Selecting app ropriate hardware architecture for the site is impor­
tant for (a) future expa nda bility of the DOC system, (b) cos t op timization
for contro llers, installation and wiring.

DOC Software Architecture
Software ar ch itectu re follows th e hardware p la tform . Since it

would not be economical or necessar y to provide full software capabi li­
ties at each level of the sys tem's archit ecture, fu ll understanding of soft­
ware fea tures at each level of systems archit ecture is import ant. Alloca­
tion of software features at each level will determine (a) the sys tem's
di stributed processing capabilities, (b) stand-alone con trols capa bilities ,
and (c) sys tems end-to-end reliab ility in case of comm un ications failu res.

DOC Network Architecture
Ne twork topogr aphy sho uld be determined by volume and speed

of tran smitted data, utili zed comm unications pr otocols, and site condi ­
tion s. For exam ple, communications am on g applicat ion specific or un i­
tary con trollers, controlling ind iv id ual equipmen t, w ith low d at a ex­
change rate, can ut ilize RS 232 or 485 lower layer comm unication p rot o­
cols. H igh vo lume, h igh speed data co mm unica tio n (i.e . Ethe rn e t,
ARCNET) sho uld be implemented for data excha nge on the facili ties
netw ork.

Standard method s of informa tion access are equally impor tan t.
Man y facili ty networ ks are standard ized, and suppor t stand ard protoco l
packet method s such as Transmission Control Protocol/Internet Pro tocol
(TCP/ IP), info rmation access ut ilizing multiple networ kin g software ,
such as NetWare (by Novell), LAN Man ager (by IBM), or DECn et (by
DEC).

There are numerou s options for systems architecture ava ilable from
DOC vendo rs. The owne r or system integrators should design the most
su itable options for the facility.

DOC Controllers
Selection of indiv idual DOC con trollers sho uld be based on indi­

vid ua l HVAC applicati on s for a given proj ect. Distributed processin g
allows selection of contro llers with point capacity to match the applica­
tion requ irements, and loca tion of the contro llers in the high est conce n­
tration of points.
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DOC Application Software
DOC ap plication software is the brain of building environme n tal

con tro l systems. The selection team should look for the following basic
features:

• point definition-Each vendor specific software differs in point
definition. Attributes of each poin t, ease of access and on- line mod i­
fication is importan t for future DOC sof twa re maint enance.

• alarm reporting is one of the most important fea tures of DOC sys­
tem s. The number of analog alarm limits per point and their di ffer­
entials (Hi/ Lo, HH il LLo, +I - of the defin ed values), return to nor­
mal, de finition of binary alarms, scan ra tes for alarm rep orting, as­
sociated alarm messages, alarm acknowledg me n t, inhibi tion and
lockout, and other alarm handling cha rac teri stics of DOC sys tems
sho u ld be individu ally eva lua ted.

• time scheduling- of bu ild ing equipmen t and systems on hourly,
d aily, weekly, monthly, yea rly basis. Time scheduling is one of the
most common features offered by DOC sys tems. The team sho uld
look for ease of entering ne w sched ules, modificat ion of existing
ones , holid ay scheduling, providing temporar y sched ules for spe­
cial ev en ts, globa l changes an d modifica tions of equip me n t or
groups of equipmen t schedules, d isabling sched ules, creat ing tem­
pora ry sched ules and other features import ant for bu ild ing ope ra­
tion .

• application programming-use of line codes, commo n pr ogram­
ming lan gu ages (i.e. Basic, C+), gra phic p rogramming lan guages,
and ease of program mod ificati on s, code com pi la tion, program
down and upl oad to controllers, data exchange (i.e. DOE), in terface
to o ther commo n popular data processin g, graphic and com m u­
nication s pro grams are imp or tan t cri teria for DOC sys tems selec­
tion .

• operator interface-alarm and dat a presen tation on OWS, grap hic
di sp lays, d yn am ic screen u pdat es, representat ion of poin ts in
alarm, off-line, ease of moving from one scree n to anothe r, alarm
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acknowledgmen t, tim e sche d ule modificat ion, se t point mod ifica­
tions, contro l loop tun ing from the graph ic sc reens , and othe r fea­
tures are importan t for systems ope ra tors,

• operator access from OWS, remote terminals, han d-held terminals,
password protec tion, levels of passw ord s rela ted to individ ual
poin ts, geographical areas, group of points, sys tems functions, net­
work access, net wor k nod es, etc. , a re important for systems in teg­

rity.

• report generation-data co m p ila tion int o rep orts, sp rea d shee ts,
gra p hs, and othe r com mon so ftware is im portan t for fac ilities man­
ageme n t. Ala rm or m an agement reports are utilized by the system s
man ager, as w ell as facilities management, to evalua te building and
sys tems perform ance. Rep orts sho uld be compiled int o customary
report fo rm at s, such as text, sp rea ds hee ts or gra phs. Dyn am ic data
transfe r of actua l an alog point readings into sp readshee t an d othe r
common sta tistica l me dia shou ld be evalua ted .

• hi story data-d at a s tor age (file size), va lida tion by data filt ering,
s ta t is tica l da ta co mpila tion, interpol ation of missing d a ta , are
among features of most DDC sys tem s. Comp ilat ion o f data in to
reports and graphical presentat ion of history data shou ld be evalu­
at ed.

• DDC systems reporting-self-d iagn ostics of DDC sys tem s, report ­
ing of error rat es pe r comm unicatio n channel, on lin e / off line sta­
tu s of co n tro llers and network d evices, and ot he r systems-rela ted
reporting is important for sys tems manager s,

• energy management-Man y DDC sys tems are implemented to au­
tomati cally co n tro l build ing HVAC sys tems and to con ta in ene rgy
cos t. Th e so-ca lled ene rgy man agement p rogr ams were d eveloped
in the seven ties, and imp rov ed through the :;ecHs. The most com­
111l1n energy management programs are:

i\ igh t sc tbac k-s-Iowc ring bu ilding tem pera tu res and ven tila ­
tion rates
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Free cooling-using outside air for cooling, when available

Optimal start- opti mization of equipme nt star t time demand
limiting-to avoid peak charges for electricity

Duty cycling - on/ off cycling of controlled equipment cen tra l
plant optimizati on-chiller, boiler optim ization

DDC System Performance
Performa nce of DOC sys tems depends on the sys tem architecture,

loading, software features, and oth er site spec ific item s. The eva lua tion
team sho uld ge t a feel for sys tems performance from the provid ed liter a­
ture, demonstrat ion s and si te visi ts.

The clu es to look for are : dyn amic screen update, scan rat e, re­
spo nse to changes of state, response to alarm, PID loop control, auto­
m at ic tuning (continuo us or on-de ma nd ), time req uired for software up /
d own load, time delay for restart after power failure, access tim e to
points, progr am s, files, ease of moving from screen to screen, ease of
making modification s from the color graphic screens, such as change of
point definition , set point, alarm limit, alarm message, enable/d isable
po int , etc.

DOC sys tem selection should always be done with lon g-term objec­
tives in mind .

DOC SYSTEM IMPL EMENTATION

The implementation of a DOC sys tem is a process of cus tomizing
an off-the-she lf DOC sys tem to meet site requirem ents and to control the
connec ted building (HVAC) systems within de sign param eters . The p ro­
cess includes:

• sys tems enginee ring which sho uld full y compleme n t the HVAC
design ;

• ap plica tions so ftware developme n t, to p rovid e fu lly automated
opera tion of contro lled bu ild ing sys tems;
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• ins ta lla tion of DOC hard ware and sof tware;

• DOC comm iss ioning, includ ing ca libra tion of an alog points, valida­
tion of end -to-end accurac ies, tun ing of PID loo ps, working w ith
the ai r balan cer to p rovid e desired building pressures, flows, tem­

pe ra tu res and relati ve humid ity, ve ri fication of app lica tion pro­
gra ms, veri ficat ion of reporting and op erator inter faces, and o ther
fea tures of the DOC sys tem;

• training of ope ra tors and con tro ls technicians, an d ;

• fina l sys tems turnover to the O&M department and end user s,

While DOC systems development is at the sa me lev el as the hi-tech
industry, there is a lot to be done in sys tems implementation and long­
term systems su pport.

One step to improving the cur ren t situa tion is stand ard iza tion . Site
standard iza tion sho uld be re la ted to the following areas:

• developmen t of long-range plan s whic h include facil ities au toma­
tion

• development of metho ds of budgeting, jus tifyi ng, and funding en-
vironrnen ta l controls related projec ts

• developmen t of si te design standards
• deve lopmen t of si te DOC performan ce standards
• standard ization on hardware and software
• dev elopment of energy conse rv a tion policies
• development of O& M procedures
• development of HVAC and DOC sys tems
• p rocurement procedures
• training of in-house O& M personnel
• es ta blishmen t of lon g-term sys tems support by sys tem ve ndors

A facilities au toma tion master plan sho u ld include:

• systems interoperability
• site DOC standards
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• sys tems selection criteria
• train ing criteria
• funding and budget ing criteria
• sys tems eva lua tion criter ia

DOC VEN DOR SUPPO RT

DOC vendo r suppo rt is import ant for sys tems up grad es, training,
service and maintenance. Very few sites, if any, can exis t with out some
form of vendor support. In the past, suppo rt was limited to service and
repai r of the ins talled hardware. Tha t is rapidly cha nging becau se of the
complexity of computers, con tro ls ope ra ting software and ongoing need
for sys tems up grades. DOC sys tems support is important for the design
and implem entation ph ases of the pr oject as well as follow-up suppo rt.

Most DOC sys tems in the United Stat es are:

(a) d evelop ed , p roduced , marketed, so ld, eng ineered, installed and
supported by their manufacturers or vendors;

(b) d eveloped , produced , marketed by a DOC vendo r; so ld , engi­
neered , installed and supported by others, suc h as dealers or m anu­
facturer represe ntatives; or

(c) some combina tion of the above.

Multinational, large contro ls companies ha ve established compa ny
ow ned local br anch offices to cove r their cus tomer base. Local offices are
sta ffed to provide full suppo rt for their custom ers. Branch offices are
full y dedicated to sa les and suppo rt of their ow n p roduct lines in the
resp ective geograp hica l areas .

The hom e office is res ponsi ble for pr oduct development, manufac­
turing, marketing, sa les and technical suppor t of the branch offices .
training of the staff as we ll as their cus tomers. The hom e office an d the
branch share legal respons ibilities and contractua l obligations to the end
users for pr oducts and se rvices rendered .

Indep endent local dealers, franch ises or con trac tors provide an­
othe r way for DOC vendors to market and sell p roducts. DOC vendors
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p rov ide p rod uct developmen t, manufacturing, market ing and training of
the network of inde pende n t dealer s and contractors. Local dealers or
contractor s buy the systems from the DDC vendor. Most DDC vendors
ha ve no financial ob liga tions to support the dealer s or cont racto rs, End
users deal with the local authorized dealers or con trac tors, and have no
legal connection or con trac tua l obliga tions with the DDC vend or .

Indep endent dea lers or con tractor s ma y carry one vendor 's prod uct
line, or some carry differen t prod ucts from nonco mpe ting vend or s, Some
dealer s or contrac tors carry a certain DDC system complemen tary to
their main busine ss in tere sts such as mechani cal, or HVAC con tracting.
Man y DDC dealers and contractors develop loyalt y to their vendors and
di sp lay con tin uous commi tmen t to suppo rt the sys tems they sell. Pro b­
ab ly an equa l number of dealers or contractors ha ve cha nged product
lines in resp onse to market dem ands and / or their ow n financial need s.

As a result of the market evolution, som e owne rs end up with
di scontinued prod ucts, failed vendor' s sys tems, or systems which canno t
be migrated into a newer genera tion of DDC systems, Business in teres ts
and local mar ket condi tions may force ind ependent de alers and con trac­
to rs to abandon existing product lines and pic k up other more profitable
products.

Backg ro und checking of potential supp liers during the se lection
p rocess is not on ly pr uden t, but esse n tial. Whi le either of the above ar ­
ran gem ents ma y provide adeq ua te systems sup port to the owne r / end
user at an y given time, long-term contractua l relationsh ip or partnersh ip
for support of DDC sys tems mus t evalua te the advan tages and di sad ­
vant ages of wo rking with each po ten tial supp lier.

O BJECTIVES f OR DDC SELECTION

I. Pre-select DDC sys tems whi ch comply with site lon g-ran ge de­
velop me nt objectives for facilit ies automation, ope rations and mainte­
na ncv. Pre-selected sys tems sho uld also comply with site de sign criter ia,
standard s and si te in teropc rability req uirem en ts,

2. Pre-se lect DDe vendors who can pr ovide DDC systems in CL)m­
pliance with the facility's long-ran ge goa ls; have a prLw en track recor d
for lon g-te rm DDC sys tems develop ment and their migrat ions; develop­
ment ,1I1d support of standard or Llpen pro tocols for thi rd -party inter-
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faces; have a track record for lon g-term sys tems and cus tomer support;
and have local represent at ion wi th ade qua te eng ineering, ins ta lla tion
and service support cap acity.

REQUIREMENTS AND MEASURES

Pre-selection requirements
1. Pre-selected DOC sys tems sho uld comply with the req ui remen ts

specified in the site performance and mater ial speci fication .
2. Pre-selected DOC sys tems should be in production for ove r one

yea r, and be ins talled and operationa l on job sites similar to the ow ner's
site for one year.

3. All proposed communications and interface prot ocols sho uld be
operational on at least one job site simi lar to the ow ner's site, for the
minimum duration of one year. In absence of such site, the DOC vendor
sho uld be req uire d to set up communications testin g at the owne r's site
free of charge for minimum of two weeks. The DOC communication
should be tested on the longest available comm unication wiring.

4. The DOC sys tems architecture sho uld comply with site condi-
tions.

5. Operator interfaces sho uld meet site-specif ic req ui rements.

Pre-selection requirements for DOC vendors and/or contractors
1. DOC vendors sho uld be required to demonstrate their commi t­

men t to lon g-term sys tems developmen t by demonstrat in g past sys tems
development and their migration paths.

2. DOC vendo rs sho uld demonstrate their commi tmen t to ope n
sys tems architectu re by demonstra ting adherence to major communica­
tions standards, indus try and open protocols, and driver s. The ab ove
items are to protect the ow ner's investment for the selected au tomation
sys tems, as we ll as to ass ure op timum life cycle cos t for the installed
sys tems.

3. DOC vendors sho uld demonstrate commit men t to sys tems and
cus tomer support from their headquarters as we ll as the local office.

4. DOC vendors sho uld maintain a local office with sa les, sys tems
engineering, installation and serv ice support.

5. Ind ep endent franchises of Building Au tomation Systems sho uld
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be required to d isclose wha t othe r products or services are carried or
prov ided by the office, and wh ich products or bu sin ess in terests are the
backbone of thei r bu siness.

6. DDC vendor s or con tractors should pro vide the ow ner wi th a
copy of their sta teme nt of financial situation, ann ual sa les and se rv ice
con trac ts, an d other per tinent finan cial information .

7. DDC vendors an d con trac tors sho u ld provid e bu siness refer­
ences rela ted to their custome r base, supp liers , and other services as
requested by the ow ner.

8. DDC vendors and contractors should provide the owne r w ith a
lis t contain ing the number and quali fications of engineers, technicians
and suppo rt per sonnel in the local office, and their capa bilities to re­
spo nd to eme rgency situations.

9. DDC vend ors mu st di sclose how long the proposed product line
(DDC system) will be so ld an d supported by the local office, Also, what
othe r con tro ls and DDC sys tems were so ld and supported by the office
pri or to the cur ren t product line?

10, DDC ven dors should pr ovide a letter of com mitme nt from the
main office or the DDC man ufacturer for technical support an d trainin g
of the end-user.

TH E PRE-SELECT ION PROCESS

The process should be se t up to meet site specific-condi tions. Th e
follow ing steps are to aid eng ineers and commissioning agents in con­
ducting a DDC pre-select ion process:

Step 1: Request for DOC Documentation
f ormal requests sho uld be mailed out to DDC vendors and / or con­

tractor s for sales literature and other systems documentation.

Step 2: Pre-qualification Questionnaire
Des igned to obtain basic information about DDC sys tems , vendors

and / or contractor, the qu estionnaire should be sent out to all supp liers
pre-selected in step 1. The qu est ioner should con tain informati on related
to:

• DDC vendor
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• long term support
• sys tem implementation
• communications and interfaces
• other sys tems-related de scriptions

Step 3: DDC system demonstrations
Demonstrations can be set up at the owner's site or at the DDC

vendor or contractor's office.

Step 4: Site visits
Site visits are the mo st important part of the pre-selection process.

The team should learn from other eng ineers, operators and maintenance
personnel about their experience with the installed DDC sys tem.

Step 5: Home office visit
The visit can be combined with DDC systems presentation, or

sched uled sepa rately. The team members sho uld ha ve a chance to be
exposed to the "corpo rate culture " of the hom e Office.

Step 6: DDC system evaluation and ranking
In the final phase of the pre-selection process, the team sho uld

conclude its wo rk by evaluating each DDC sys tem individually.
The owner's team responsible for the selection process sho uld de­

velop checklists for the above steps and site specific cond itions an d re­
qu irements.

The checklists should also reflect requirem ents related to:
• DDC system arch itecture
• front-end OWS
• building and application specific controllers
• DDC sys tem application software
• Evaluation of DDC vendors and contractors

DDC system selection based on a structured approach tailored to
site-specific conditions and conducted with participation of the
owner's engineers and O&M personnel will result in selection of a
most appropriate system for the site-specific conditions. Furthermore
participation of in-house personnel in the process assures full accep-
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tance of the system by the owner's personnel responsible for daily
operation and maintenance of the installed systems.
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