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L'auteur examine ici la question de la modernisation des 6quipements du biitiment : CVC, 
Cclairage, dcuritd incendie, s&uritC, moyens de diplacement et distribution de 1'Clectricite. 
Il traite aussi des exigences croissantes des locataires au niveau de la bureautique et des 
t~lCcommunications. 

En examinant 1'Ctat actuel de la technique, l'auteur clde la definition de ce qu'on appelle 
souvent eles immeubles intelligentsn, qui utilisent pour leurs Cquipements les technologies 
du calcul, de la commande et des transmissions numCriques, et oh les Cquipements des 
locataires sont compldtCs par un service de transmissions numt5iques. Il fait observer qu'il 
n t  convient peutZtre pas de def~nir des exigences technologiques minimales visant la 
designation d'un immeuble comme <<intelligent>>, car les caractCristiques d'un biitiment, 
comme celles de n'irnporte quel produit, doivent correspondre aux besoins du client. II se 
peut teutefois, comme il est expliqui dans l'exposC, que ces besoins ne soienr pas bien 
dkfinis ni cornpris. 

L9auteur dCcrit bribement le syst&me de location multiple d'dquipements et ses rapports 
avec les Cquipements modernes du biitiment. 11 Ctudie les probl2mes qui se sont posCs B ce 
niveau et les syst&mes qui pourraient voir le jour, notamment un nouveau type 
dYCquipement du biitiment dit i<de transrnissionsn. Il prdsente une liste de questions de 
recherche-ddveloppement. Une Cvolution semblable se produit dans le domaine des 
biitiments d'habitation, mais l'auteur se limite aux grand5 immeubles commerciaux. 



MODERN BUILDING SERVICES- 

MORE THAN COMPUTERIZED HVAC 

A.D. McKinley, P.E. 
ASHRAE Associate Member 

ABSTRACT 

This  paper  rev iews  modern b u i l d i n g  s e r v i c e  p r a c t i c e s  w i t h i n  t h e  t r a d i t i o n a l  b u i l d i n g  s e r v i c e s  
of HVAC, l i g h t i n g ,  f i r e  s a f e t y ,  s e c u r i t y ,  peop le  movers, and e l e c t r i c a l  power. It a l s o  
examines t h e  i n c r e a s i n g  communications r e q u i r e m e n t s  of t h e  t e n a n t  s e r v i c e s  of o f f i c e  

automat ion and te lecommunicat ions .  

By examining t h e  s t a t e  of t h e  a r t ,  t h e  paper  c l a r i f i e s  t h e  d e f i n i t i o n  of what i s  o f t e n  

r e f e r r e d  t o  a s  "smart b u i l d i n g s "  as b e i n g  t h e  u s e  of d i g i t a l  computer ,  c o n t r o l ,  and 
communications t e c h n o l o g i e s  i n  b u i l d i n g  s e r v i c e s  and t h e  p r o v i s i o n  of d i g i t a l  communications 
t o  suppor t  t e n a n t  s e r v i c e s .  It a l s o  c a u t i o n s  t h a t  i t  may be i n a p p r o p r i a t e  t o  d e r i n e  minimum 

t e c h n o l o g i c a l  r equ i rements  f o r  l a b e l i n g  a  b u i l d i n g  "smart" ,  s i n c e  t h e  o p t i o n s  w i t h i n  a  
b u i l d i n g  s p a c e ,  l i k e  any p r o d u c t ,  shou ld  a d d r e s s  t h e  needs  of t h e  customer.  As is  d i s c u s s e d ,  
however, t h e s e  needs may n o t  be w e l l  d e f i n e d  nor  unders tood .  

Shared t e n a n t  s e r v i c e s  and t h e i r  r e l a t i o n s h i p  t o  modern b u i l d i n g  s e r v i c e s  are d e s c r i b e d  

b r i e f l y .  Problems t h a t  have a r i s e n  w i t h  t h e  c u r r e n t  sys tems  and p o s s i b l e  f u t u r e  developments,  

i n c l u d i n g  a  new b u i l d i n g  s e r v i c e  c a l l e d  communications,  a r e  d i s c u s s e d .  A list of r e s e a r c h  and 
development q u e s t i o n s  i s  p r e s e n t e d .  Although s i m i l a r  developments  a r e  underway i n  r e s i d e n t i a l  
b u i l d i n g s ,  d i s c u s s i o n  is l i m i t e d  t o  l a r g e  commercial  b u i l d i n g s .  

INTRODUCTION 

Modern b u i l d i n g  s e r v i c e s ,  which i n c l u d e  h e a t i n g ,  v e n t i l a t i n g  and  a i r  c o n d i t i o n i n g ,  l i g h t i n g ,  
f i r e  s a f e t y ,  s e c u r i t y ,  peop le  movers, and e l e c t r i c a l  power d i s t r i b u t i o n  have a l l  made u s e  of 

modern d i g i t a l  computer and communications t e c h n o l o g i e s .  T h i s  h a s  prompted t h e  u s e  of t h e  
a d j e c t i v e  "smart" when r e f e r r i n g  t o  some of t h e  l a r g e  b u i l d i n g s  t h a t  have i n s t a l l e d  a  
s i g n i f i c a n t  p o r t i o n  of t h e s e  new systems.  This  term h a s  n o t  been r e a d i l y  accep ted  f o r  a  

number of r easons :  one i s  t h a t  i t  i s  s e e n  a s  a normal e v o l u t i o n  of t h e  u s e  of t echno logy  i n  

h u i l d i n g s ,  hut t h e  number and c o s t  of t h e  systems b e i n g  s o l d  a r e  s i g n i f i c a n t .  

According t o  one s t u d y ,  revenues  f o r  smart  b u i l d i n g  r e l a t e d  p r o d u c t s  and s e r v i c e s  were 

$5.18 b i l l i o n  (U.S.) i n  1985 and a r e  expec ted  t o  be $13.51 (U.S.) and $45.96 b i l l i o n  (U.S.) i n  

1990 and 1995, r e s p e c t i v e l y  ( I n t e r n a t i o n a l  Resource Development I n c .  1985). 

Another i n f l u e n c e  on t h e  development of t h e s e  b u i l d i n g  s e r v i c e  systems i s  t h e  l a r g e  

i n c r e a s e  i n  t h e  automated t e n a n t  s e r v i c e s  of o f f i c e  au tomat ion  and communications. This  i s  
caus ing  an i n c r e a s e  i n  o c c u p a n t s '  demands f o r  power and f o r  communications w i r i n g  i n  t h e  

h u i l d i n g s .  

A.D. McKinley, Manager, Systems Support  U n i t ,  I n s t i t u t e  f o r  Research i n  Cons t ruc t  i o n ,  Nat ional  
Research Counci l  of Canada. 



Some d e f i n i t i o n s  of smart  b u i l d i n g s  i n c l u d e  s h a r e d  t e n a n t  s e r v i c e s  (e .g . ,  o f f i c e  

I automat ion equipment) ,  which a r e  provided by a  b u i l d i n g  owner and t h e r e f o r e  could be 

cons ide red  a  b u i l d i n g  s e r v i c e .  

Although a  g r e a t  d e a l  of p r o g r e s s  h a s  been made i n  t h e  development of b u i l d i n g  

s e r v i c e s ,  r e s e a r c h  and development i s  needed t o  advance them f u r t h e r .  

MODERN BUILDING SERVICES VS THE SMART BUILDING 

The a d j e c t i v e  "smart", w i t h  r e f e r e n c e  t o  b u i l d i n g  s e r v i c e s ,  began t o  a p p e a r  i n  1984 a s  a  

r e s u l t  of t h e  use  of d i g i t a l  e l e c t r o n i c s  by s e r v i c e  m a n u f a c t u r e r s  and b u i l d i n g  owners t o  

improve b u i l d i n g  s e r v i c e  c o n t r o l  sys tems and by t h e  b u i l d i n g  o c c u p a n t s  t o  meet t h e i r  o f f i c e  
and te lecommunicat ions  needs.  The e v o l u t i o n  from t h e  o l d  electrical/mechanical/manual 

b u i l d i n g  s e r v i c e s  t o  d i g i t a l l y  c o n t r o l l e d  systems was thought  by some t o  be s i g n i f i c a n t  enough 

t o  be c a l l e d  smart, a l t h o u g h  "automated" might be a  more a p p r o p r i a t e  a d j e c t i v e .  The systems 

be ing  i n s t a l l e d  make u s e  of modern computer modeling and c o n t r o l  t e c h n i q u e s  and d i g i t a l  
communications t e c h n o l o g i e s  but  do n o t  y e t  a t t e m p t  t o  implement t r u e  a d a p t i v e  reason ing  nor  

a r t i f i c i a l  i n t e l l i g e n c e .  

Another reason  t h a t  agreement on a  d e f i n i t i o n  h a s  been d i f f i c u l t  i s  t h e  fragmented 

n a t u r e  of t h e  b u i l d i n g  i n d u s t r y .  Each b u i l d i n g  and t e n a n t  s e r v i c e  i s  s u p p l i e d  by a  d i f f e r e n t  
group of manufacturers  and r e t a i l e r s  who have t h e i r  own d e f i n i t i o n  c e n t e r e d  on t h e i r  a r e a  of 

i n t e r e s t .  The b u i l d i n g  s e r v i c e  i n d u s t r y  d e f i n e s  i t  a s  automated b u i l d i n g  s e r v i c e s  suppor ted  

by communications, t h e  te lecommunicat ions  and o f f i c e  au tomat ion  i n d u s t r i e s  d e f i n e  it  a s  

d i g i t a l  communications f o r  te lecommunicat ions  and o f f i c e  au tomat ion  and t h e  shared  t e n a n t  

s e r v i c e  p r o v i d e r s  focus  on t h e i r  t e n a n t  s u p p o r t  packages  t o  t h e  e x c l u s i o n  of b u i l d i n g  

s e r v i c e s .  

An examinat ion of t h e  s e r v i c e s  t h a t  are a c t u a l l y  b e i n g  i n s t a l l e d  shows t h a t  t h e  

d e f i n i t i o n  of smart b u i l d i n g  s e r v i c e s  i s ;  

"The u s e  of d i g i t a l  computer,  c o n t r o l ,  and communications t e c h n o l o g i e s  i n  

b u i l d i n g  s e r v i c e s  and t h e  p r o v i s i o n  of d i g i t a l  communications t o  s u p p o r t  
t e n a n t  s e r v i c e s . "  

This  d e f i n i t i o n  i s  based on t h e  b u i l d i n g  s e r v i c e s  t h a t  a r e  b u i l t  i n t o  t h e  b u i l d i n g  such 

a s  h e a t i n g ,  v e n t i l a t i n g  and a i r  c o n d i t i o n i n g  (HVAC),  l i g h t i n g ,  f i r e  s a f e t y  systems,  s e c u r i t y ,  

and peop le  movers such  a s  e l e v a t o r s  and automated d o o r s .  It a l s o  i n c l u d e s  communications and 

power suppor t  f o r  t e n a n t  s e r v i c e s  such a s  o f f i c e  au tomat ion  (word p r o c e s s i n g ,  p u b l i s h i n g ,  

d i c t a t i o n ,  management i n f o r m a t i o n  systems e t c .  ) and communications f a c i l i t i e s  ( t e l e p h o n e ,  

t e l e x ,  f a c s i m i l e  e t c . )  bu t  does no t  i n c l u d e  t h e  implementa t ion  of t h e s e  s e r v i c e s .  

Shared t e n a n t  s e r v i c e s  (STS) r e f e r s  t o  t h e  p r o v i s i o n ,  by e i t h e r  t h e  owner o r  a  s i n g l e  

f i r m ,  of t e n a n t  s e r v i c e s  i n  a  mul t i - t enan t  b u i l d i n g  i n  which s m a l l e r  t e n a n t s  might r e n t  an 

o f f i c e  automat ion o r  communications s e r v i c e  r a t h e r  t h a n  buying t h e  equipment o u t r i g h t .  These 

s e r v i c e s  a r e  of t e n  c o n s i d e r e d ,  by t h e i r  p r o v i d e r s ,  t o  broaden t h e  scope of smart b u i l d i n g  

s e r v i c e s  beyond t h e  components o r i g i n a l l y  i n s t a l l e d  i n  t h e  b u i l d i n g .  

The fo rego ing  has  d e s c r i b e d  t h e  scope of modern b u i l d i n g  s e r v i c e s  but has  avoided 

d e f i n i n g  what t h e  minimum requ i rements  a r e  b e f o r e  a  b u i l d i n g  can be cons ide red  "smart." A 

b u i l d i n g  should a d d r e s s  t h e  needs of t h e  t e n a n t s  and o n l y  p r o v i d e  t h o s e  s e r v i c e s  r e q u i r e d  t o  

meet those  needs s i n c e  t o  go beyond t h a t  would n o t  p r o v i d e  t h e  b u i l d i n g  owner w i t h  a  r e t u r n  on 

h i s  investment  n o r  would i t  b e n e f i t  t h e  t e n a n t .  A smart  b u i l d i n g ,  t h e r e f o r e ,  i s  one t h a t  

meets t h e  needs of t h e  occupants  a t  an  a c c e p t a b l e  c o s t  t o  bo th  t h e  ovner  and t e n a n t ,  not  one 
t h a t  c o n t a i n s  a  s p e c i f i e d  s e t  of t h e s e  modern s e r v i c e s .  

When de te rmin ing  t h e  occupant needs ,  c o n s i d e r  t h a t  some a n a l y s t s  e s t i m a t e  t h e  l i f e  of a  
l a r g e  commercial b u i l d i n g  t o  be about  f i f t y  y e a r s  and a l s o  t h a t  they  a r e  r a r e l y  used i n  t h e  

same way over  t h e i r  l i f e t i m e  a s  occupan t s  and t h e i r  needs  change. Converse ly ,  t h e  l i f e  of I d i g i t a l  e l e c t r o n i c s  is  c u r r e n t l y  about t h r e e  t o  f i v e  "ea r s .  Th i s  i m p l i e s  t h a t ,  h e n  t h e  
s e r v i c e s  a r e  i n s t a l l e d  i n i t i a l l y ,  i t  would be " smar t "  t o  c o n s i d e r  t h e  need f o r  a d a p t a b i l i t y  

and f l e x i b i l i t y  t o  reduce t h e  c o s t  of r e t r o f i t .  

~ These changes i n  b u i l d i n g  o p e r a t i n g  t e c h n i q u e s  a r e  h a v i n g  t h e  same impact . I S  



e l e c t r o n i c s  has  had i n  o t h e r  common p r o d u c t s  such a s  w a t c h e s ,  c a l c u l a t o r s ,  c a s h  r e g i s t e r s ,  

c a r s ,  a i r c r a f t  and every  household a p p l i a n c e .  As one a u t h o r  conc luded  (Vincent  and Peacock 

1985);  

The i n d u s t r i e s  c l o s e l y  a l i g n e d  t o  b u i l d i n g  s e r v i c e s  a r e  a l s o  l i k e l y  t o  

undergo a  major t e c h n o l o g i c a l  change.. . .change i s  most p r o b a b l e ,  but a s  a  
speedy e v o l u t i o n  i n  b u i l d i n g - s e r v i c e s  t echno logy  r a t h e r  t h a n  r e v o l u t i o n .  

Although t h e s e  s e r v i c e s  a r e  be ing  i n s t a l l e d  now and some of t h s  b e n e f i t s  r e a l i z e d ,  

problems remain such a s  i n a d e q u a t e  s e n s o r s ,  a  l a c k  of t e c h n o l o p  and performance s t a n d a r d s ,  

i n s u f f i c i e n t  knowledge about  t e n a n t  needs  and about  t h e  t r u e  b e n e f i t s  and r e l i a b i l i t y  of t h e  

equipment,  a  l a c k  of c o o r d i n a t i o n  due t o  t h e  fragmenter! n a t u r e  of t h e  b u i l d i n g  i n d u s t r y ,  and a  

r e l u c t a n c e ,  f o r  l e g a l  and f i n a n c i a l  r e a s o n s ,  by d e s i g n e r s  and b u i l d e r s  t o  innova te .  Also,  

t h e r e  i s  l i t t l e  s h a r i n g  of i n f o r m a t i o n  o r  of communications equipment between s e p a r a t e  

s e r v i c e s .  Th i s  causes  d u p l i c a t i o n  of equipment,  h i n d e r s  f u n c t i o n a l  i n t e g r a t i o n  between t h e  
s e r v i c e s ,  and f i l l s  b u i l d i n g s  w i t h  complex masses of copper  wire. 

MODERN BUILDING SERVICES 

There a r e  two c a t e g o r i e s  of s e r v i c e s  i n  l a r g e  of £ i c e  b u i l d i n g s  : b u i l d i n g  and t e n a n t .  The 

former  a r e  s u p p l i e d  by t h e  b u i l d i n g  owner f o r  u s e  by a l l  b u i l d i n g  occupan t s  and a r e  u s u a l l y  

i n c l u d e d  i n  t h e  r e n t  (HVAC, l i g h t s ,  e l e v a t o r s ,  e t c . ) ,  w h i l e  t h e  l a t t e r  a r e  brought  i n  by t h e  

t e n a n t s  f o r  t h e i r  own i n d i v i d u a l  u s e  ( o f f i c e  au tomat ion  equipment ,  c o p i e r s ,  p r o j e c t o r s ,  e t c . ) .  

Communications have t r a d i t i o n a l l y  been a  t e n a n t  s e r v i c e ;  however,  t h e  need f o r  communications 

s u p p o r t  has  become s o  u n i v e r s a l  t h a t  i t  may make more s e n s e  f o r  t h e  b u i l d i n g  owner t o  provide 

it .  

Some of t h e  g e n e r a l  b e n e f i t s  t o  b u i l d i n g  owners a r e  a  p o s s i b l e  i n c r e a s e d  m l r k e t a b i l i t y  

i f  t e n a n t s  a r e  a t t r a c t e d  t o  t h e s e  f a c i l i t i e s ,  impor tan t  a t  a  t ime when t h e  average  o f f i c e  

space  vacancy r a t e  i s  about  17.6% th roughout  North America ( B u i l d i n g  Owners and Managers 
A s s o c i a t i o n  1986) ,  and g r e a t e r  f l e x i b i l i t y  i n  a d a p t i n g  t h e i r  b u i l d i n g s  t o  d i f f e r e n t  t e n a n t s  

needs  ( e s t i m a t e s  a r e  t h a t  25% of o f f i c e  e l e c t r i c a l  equipment moves e a c h  y e a r  [ N o r r i s  19861). 

There  may a l s o  be d i r e c t  f i n a n c i a l  g a i n s  through t h e  s a l e  of t e n a n t  s e r v i c e s  and reduced 
i n s t a l l a t i o n  and o p e r a t i n g  c o s t s  a s  a  r e s u l t  of t h e  u s e  of i n e x p e n s i v e  e l e c t r o n i c  equipment,  

b e t t e r  energy c o n t r o l ,  and cheaper  maintenance. The c o s t  of i n s t a l l a t i o n  is about  $3.50 CDN 

p e r  s q u a r e  f o o t ,  a l t h o u g h  t h i s  depends upon t h e  o p t i o n s  s e l e c t e d ,  i n c r e a s i n g  a s  f u n c t i o n a l i t y  
i s  added ( S e n d e l l  1987). Tenants  b e n e f i t  from one s t o p  shopping  f o r  a  number of s e r v i c e s ,  

from a c c e s s  t o  o t h e r w i s e  c o s t l y  o f f i c e  and te lecommunicat ions  s e r v i c e s ,  from s a f e r  and b e t t e r  

env i ronmenta l  c o n d i t i o n s ,  and from improved and cheaper  conmunicat ions .  

Bu i ld ing  S e r v i c e s  

About $1.8 b i l l i o n  (U.S.) was s p e n t  on b u i l d i n g  au tomat ion  sys tems  i n  t h e  United S t a t e s  

i n  1985 and an e s t i m a t e d  $2.5 b i l l i o n  (U.S.), $5.1 b i l l i o n ,  and $12.7 b i l l i o n  (U.S.) w i l l  be 

s p e n t  i n  1987, 1990, and 1995 r e s p e c t i v e l y  ( I n t e r n a t i o n a l  Resource  Development Inc .  1985). 

Bu i ld ing  s e r v i c e s  a r e  c r e a t e d  w h e ~  i t  becomes more c o s t  e f f e c t i v e  t o  supp ly  a  s e r v i c e  

c o o p e r a t i v e l y  v i a  t h e  b u i l d i n g  owner than  i n d i v i d u a l l y  by each t e n a n t .  Of a l l  t h e  s e r v i c e s ,  

HVAC and l i g h t i n g  systems a r e  by f a r  t h e  most energy i n t e n s i v e ,  s o  c o n t r o l  sys tems t h a t  

conse rve  energy w h i l e  p r o v i d i n g  s a t i s f a c t o r y  performance a r e  a  major  c o n s i d e r a t i o n ,  a l though  

by no means t h e  only ones .  The s e r v i c e s  c u r r e n t l y  be ing  i n s t a l l e d  i n  most l a r g e  off  i c e  
b u i l d i n g s  a r e ;  

- HVAC: prov ide  the rmal  comfor t ,  humidi ty  c o n t r o l  and a d e q u a t e  v e n t i l a t i o n .  

- L i g h t i n g  sys tems :  p rov ide  o v e r a l l  i l l u m i n a t i o n  f o r  a l l  t e n a n t s  and l i g h t s  i n  common 

a r e a s .  % 

- F i r e  s a f e t y  sys tems :  f o r  smoke and f i r e  d e t e c t i o n  and c o n t r o l .  

- S e c u r i t y  sys tems :  t o  c o n t r o l  a c c e s s  and d e t e c t  u n a u t h o r i z e d  e n t r y .  



- People movers : e l e v a t o r s ,  e s c a l a t o r s ,  walkways, and automatic doors .  

- E l e c t r i c a l  power: s u p p l y  and d i s t r i b u t i o n  of e l e c t r i c a l  e n e r g y .  

The m a j o r i t y  of new sys tems  u s e  a  h i e r a r c h i c a l ,  d i s t r i b u t e d  m i c r o p r o c e s s o r  s t r u c t u r e ,  

s i m i l a r  t o  t h a t  shown i n  F i g u r e  1 ,  t o  moni to r  and c o n t r o l  t h e  equ ipment ,  a l t h o u g h  t h e  number 

of l e v e l s  and t h e  hardware  va ry  between manufac tu re r s  and t h e  t y p e  of s e r v i c e .  

A t  t h e  bottom l e v e l ,  s e n s o r s ,  d e t e c t o r s ,  and t r a n s d u c e r s  a r e  homewired ( d i r e c t l y  wi red)  

t o  f i e l d  p r o c e s s i n g  u n i t s  (FPUs), which c o n v e r t  s e n s o r  s i g n a l s  from ana logue  t o  d i g i t a l  

( a l though  many new s e n s o r s  a r e  d i g i t a l ) ,  c o n t r o l  any equipment a c t u a t o r s  o r  r e l a y s ,  and 

communicate wi th  t h e  c e n t r a l  p r o c e s s i n g  u n i t  (CPU) f o r  t h e  a p p l i c a t i o n .  The FPU may have 

l o c a l  i n t e l l i g e n c e  t o  pe r fo rm c o n t r o l  s t r a t e g i e s  t h a t  can  be l o c a l l y  programmed o r  downloaded 
from t h e  c e n t r a l  p r o c e s s i n g  u n i t  

FPUs a r e  u s u a l l y  networked t o  a n  a p p l i c a t i o n  s p e c i f i c  ( W A C ,  l i g h t i n g ,  s e c u r i t y ,  e t c . )  

s u p e r v i s o r y  computer t h a t  may c o n t a i n  some form of e r r o r  d e t e c t i o n  and e x c e p t i o n  hand l ing ,  

schedu l ing ,  energy management and r e p o r t i n g  s o f t w a r e .  

The m u l t i - l a y e r  approach s i m p l i f i e s  e a c h  m i c r o p r o c e s s o r ' s  programming and a l l o w s  f o r  

bo th  redundancy of equipment and p o s s i b l y  r e - a l l o c a t i o n  of d u t i e s  a u t o m a t i c a l l y  shou ld  one 

p i e c e  of equipment f a i l .  I f  t h e  FPU l o s e s  communications w i t h  t h e  c e n t r a l  p r o c e s s o r ,  i t  
u s u a l l y  has  a  f a i l - s a f e  mode t h a t  would a l l o w  i t  e i t h e r  t o  c o n t i n u e  t o  o p e r a t e  a s  p e r  t h e  l a s t  

i n s t r u c t i o n s  o r  t o  r e s e t  t o  some d e f a u l t  mode. One a p p l i c a t i o n  computer may a l s o  monitor and 

c o n t r o l  more than one b u i l d i n g .  

A few i n s t a l l a t i o n s  f u r t h e r  connect  t h e s e  a p p l i c a t i o n  s p e c i f i c  CPUs t o  a n  o v e r a l l  

b u i l d i n g  s e r v i c e  computer;  however,  t h i s  t e n d s  t o  be a  management i n f o r m a t i o n  system r a t h e r  
t h a n  a  c o n t r o l l e r .  I n t e r  s e r v i c e  systems u s u a l l y  e x i s t  o n l y  where one manufac tu re r  i s  

invo lved  i n  more t h a n  one s e r v i c e .  The l a c k  of s t a n d a r d s  and t h e  f ragmented i n d u s t r y  
d i scourage  l o g i c a l  i n t e g r a t i o n  a t  t h i s  l e v e l .  

Automatic component t e s t i n g  and d i a g n o s t i c  p rocedures  i n  c a s e  of f a i l u r e  i n c r e a s e  t h e  

o v e r a l l  r e l i a b i l i t y  of t h e s e  sys tems ,  s i n c e  e r r o r s  such  as a f a u l t y  smoke d e t e c t o r  a r e  
i d e n t i f i e d  immediately r a t h e r  t h a n  on t h e  n e x t  maintenance c y c l e  ( e a c h  s e n s o r  can be checked 

a u t o m a t i c a l l y  a s  f r e q u e n t l y  a s  e v e r y  few seconds) .  T h i s  a l s o  reduces  t h e  c o s t  of maintenance,  

f i r s t  by reduc ing  t h e  l a b o r  r e q u i r e d  t o  t e s t  a l l  of a  s y s t e m ' s  components a n d ,  second by 
a l l o w i n g  p r e v e n t i v e  maintenance t o  be done l e s s  f r e q u e n t l y ,  a s  i t  c a n  a l s o  be based upon 

a c t u a l  usage  t ime  f o r  equipment r a t h e r  t h a n  t h e  p r e v i o u s l y  u s e d  e l a p s e d  t i m e .  For  example, 

p r e v e n t i v e  maintenance s e r v i c i n g  of a  f a n  may be based upon t h e  f a n ' s  run t ime r a t h e r  than  
be ing  performed every  t h r e e  months r e g a r d l e s s  of usage .  

Some i n s t a l l a t i o n s  have e l i m i n a t e d  t h e  24-hour o n s i t e  o p e r a t o r  by h a v i n g  t h e  computer 

l o g  minor problems and r e p o r t  major  ones  t o  t h e  s e c u r i t y  guard  f o r  t h e  complex o r  by having it 
phone t h e  o p e r a t o r  a t  home a u t o m a t i c a l l y  and t h e n  a l l o w i n g  him t o  make a d j u s t m e n t s  from 

t h e r e .  

Heat ing V e n t i l a t i n g  and Air C o n d i t i o n i n g  (HVAC). 

The d i g i t a l  computer based c o n t r o l  s t r a t e g i e s  used  f r e q u e n t l y  i n c l u d e  schedu led  s e t b a c k  

d u r i n g  unoccupied hours  w i t h  l o c a l  o r  b u i l d i n g  o v e r r i d e s ,  optimum s t a r t l s t o p  f o r  l a r g e  
equipment,  and synchron ized  duty c y c l i n g  and demand m o n i t o r i n g  f o r  l o a d  l e v e l l i n g  and 

shedding.  Over r ides  f o r  t h e  HVAC system a r e  o f t e n  i n s e r t e d  manual ly  by t h e  o p e r a t o r  who must 

be informed i n  advance of o f f -hours  u s a g e ,  r a t h e r  t h a n  dynamica l ly  a t  t h e  t ime  r e q u i r e d .  The 

c o n t r o l  s t r a t e g i e s  may make u s e  of the rmal  s t o r a g e  t e c h n i q u e s  f o r  r e d i s t r i b u t i o n  of hot  o r  
co ld  a i r  a t  a  l a t e r  t ime.  

Most l a r g e  HVAC systems i n s t a l l e d  today  u s e  d i r e c t  d i g i t a l  c o n t r o l  (DDC) i n  t h e  bottom 

l e v e l  c o n t r o l  loop ( s e e  F i g u r e  l ) ,  a l t h o u g h  some pneumatic  sys tems  a r e  s t i l l  being i n s t a l l e d .  

I n  a d d i t i o n  t o  h a n d l i n g  t h e  i n p u t  and o u t p u t  r e q u i r e m e n t s  of thebcommunicat ions  system,  t h e  
l o c a l  DDC computer ( o r  FPU) w i l l  c o n t a i n  t h e  energy management c o n t r o l  s o f t w a r e  f o r  t h e  
equipment connected t o  i t .  The DDC c o n t r o l l e r s  a r e  t h e n  networked back t o  a  c e n t r a l  p r o c e s s o r  

( o f t e n  a  common p e r s o n a l  computer o r  s i m i l a r l y  s i z e d  p r o c e s s o r )  f o r  o v e r a l l  c o n t r o l  and 
moni tor ing i n c l u d i n g  r e p o r t  g e n e r a t i o n ,  d a t a  p l o t t i n g ,  a l a r m  r e p o r t i n g  and maintenance 

c o o r d i n a t i o n .  This  c e n t r a l  a p p l i c a t i o n  p r o c e s s o r  i s  u s u a l l y  a b l e  t o  download t h e  requ i red  



programs t o  t h e  DDC c o n t r o l l e r s  when needed. Some i n s t a l l a t i o n s  a r e  r o v i n g  toward complete  

d e c e n t r a l i z a t i o n  t o  t h e  e x t e n t  t h a t  t h e  c e n t r a l  a p p l i c a t i o n  p r o c e s s o r  i s  o m i t t e d  comple te ly ;  
however,  t h e  c o n t r o l l e r s  a r e  s t i l l  networked and a n  o p e r a t o r  i n f o r m a t i o n  s t a t i o n  can be added 

anywhere i n  t h e  network. 

L i g h t i n g  Systems 

L i g h t s  may consume a s  much a s  50% of t h e  a v e r a g e  b u i l d i n g ' s  o p e r a t i n g  e n e r g y  ( C r i s p  

1984) a n d ,  i n  t u r n ,  produce h i g h  t h e r m a l  l o a d s  on t h e  a i r - c o n d i t i o n i 2 g  sys tems.  New 

t e c h n o l o g i e s  such  a s  s m a l l e r  d i a m e t e r  t u b e s ,  new f i l m  r e f l e c t o r s ,  and more a c t i v e  t r i c h r o m a t i c  

phosphors  have i n c r e a s e d  t h e  e f f i c i e n c y  of f l u o r e s c e n t  lamps and t h e i r  b a l l a s t s  and of 

i n c a n d e s c e n t  lamps s i g n i f i c a n t l y ,  but  ene rgy  c o n t r o l  s y s t e m  a r e  s t i l l  i m p o r t a n t .  The 

development of s o l i d  s t a t e  b a l l a s t s  a l s o  a l l o w s  f u l l  and remote  dimming c a p a b i l i t y  f o r  
f l u o r e s c e n t  bu lbs .  

There  a r e  t h r e e  b a s i c  a p p r o a c h e s  t o  automated l i g h t i n g  c o n t r o l :  programmable,  dimming, 

and occupancy s e n s o r s ,  which can p r e s e n t  s a v i n g s  of between 30% and 50% of t h e  ene rgy  used f o r  

l i g h t s  ( J o e r s  1986).  

The most common programmable l i g h t i n g  c o n t r o l  t e c h n i q u e  i s  t h e  schedu led  o n / o f f ,  which 

u s u a l l y  s c h e d u l e s  a l l  l i g h t s  o f f  a u t o m a t i c a l l y  one hour  a f t e r  normal  working hours  ( f l i c k e r i n g  
warns o c c u p a n t s  f i v e  minutes  b e f o r e  t h e  s h u t o f f )  and i n  some c a s e s  a t  lunch  and a t  b reaks .  

Loca l  o v e r r i d e s  u s i n g  t h e  l i g h t  s w i t c h e s  o r  by d i a l i n g  a  code on t h e  t e l e p h o n e  pe rmi t  a f t e r  

hours  u s e  by t e n a n t s ,  c l e a n i n g ,  and s e c u r i t y  s t a f f .  L i g h t i n g  s c h e d u l e s  a r e  u s u a l l y  changed by 

phoning t h e  b u i l d i n g  o p e r a t o r ,  who t h e n  m o d i f i e s  t h e  p a r a m e t e r s  on h i s  computer.  The t e n a n t  
does  n o t  u s u a l l y  have d i r e c t  a c c e s s  t o  t h e  sys tem.  

S ince  l i g h t  l e v e l  needs  depend upon t h e  way t h e  a r e a  i s  b e i n g  u s e d ,  dimming can  be  

u s e f u l  t o  t h e  t e n a n t  a s  a  f e a t u r e  a s  w e l l  a s  an  ene rgy  s a v i n g  n e t h o d  of r e d u c i n g  l i g h t  energy 

depending on t h e  d a y l i g h t i n g  i n  t h e  a r e a .  A common i n s t a l l a t i o n  i s  a n  i n e x p e n s i v e  dimming 
sys tem i n  which t h e  c e n t e r  lamp of a  t h r e e  lamp f l u o r e s c e n t  f i x t u r e  i s  w i r e d  s e p a r a t e l y  from 
t h e  o t h e r  two. T h i s  a l l o w s  t h e  c o n t r o l  sys tem t h r e e  l e v e l s  of l i g h t  o u t p u t  by s i m p l e  

s w i t c h i n g .  S t u d i e s  have shown, however,  t h a t  peop le  may a c c e p t  a  g r a d u a l  dimming but  o b j e c t  
s t r e n u o u s l y  t o  l i g h t s  b e i n g  s w i t c h e d  o f f  a u t o m a t i c a l l y  a s  d a y l i g h t  i n c r e a s e s  (Boyce 1984). 

The f u l l  range dimming of f l u o r e s c e n t  l i g h t s  i s  p o s s i b l e ,  a l t h o u g h  t h e  c o s t  of t h e  b a l l a s t  i s  

s t i l l  high. 

Occupancy s e n s o r s ,  t h e  most common of which a r e  i n f r a r e d ,  u l t r a s o n i c ,  and  microwave, 

a r e  used i n  programmable and dimming sys tems  t o  p r e v e n t  t h e  l i g h t s  f rom coming on i f  t h e  room 
is  unoccupied and t o  r e p l a c e  a  manual l i g h t  s w i t c h  i n  i n f r e q u e n t l y  o c c u p i e d  a r e a s  s u c h  a s  

s t o r a g e  rooms. They a r e  a l s o  used  i n  s i n g l e - o c c u p a n t  o f f i c e s ,  where t e s t s  have shown t h a t  

t h i s  t y p e  of o f f i c e  is  o n l y  o c c u p i e d  a n  a v e r a g e  of 4  h o u r s  p e r  day ( J o e r s  1986).  Cost  
c a l c u l a t i o n s  show t h a t  f l u o r e s c e n t  l i g h t s  s h o u l d  be t u r n e d  o f f  i f  t h e  room i s  v a c a n t  f o r  a s  
l i t t l e  a s  f i v e  minutes  and i n c a n d e s c e n t s  f o r  a n  even s h o r t e r  p e r i o d  (Car r i e ' r e  and  Rea 1986).  

A s  one s t u d y  concluded abou t  t h e  p o t e n t i a l  f o r  l i g h t i n g  c o n t r o l  sys tems  t o  r educe  

ene rgy  consumption ( C r i s p  1984) ;  

There  i s  l i t t l e  doubt  t h a t  ve ry  s i g n i f i c a n t  s a v i n g s  can be  a c h i e v e d .  

Major c o n t r i b u t i o n s  r e s u l t  from e l i m i n a t i n g  l i g h t i n g  u s e  when o c c u p a n t s  

a r e  a b s e n t  ( t i m e  s w i t c h i n g  / s c h e d u l i n g  and occupancy l i n k i n g )  and from 
e n s u r i n g  t h a t  d a y l i g h t  i s  b e t t e r  u t i l i z e d  ( l o c a l i s e d  s w i t c h i n g  and d a y l i g h t  

l i n k e d  s w i t c h i n g  /dimming ) . 
The s t u d y  a l s o  adds t h a t ;  

The p r o v i s i o n  of conven ien t  l o c a l  c o n t r o l s  f o r  o c c u p a n t s  a s  p a r t  of a n  
o v e r a l l  c o n t r o l  sys tem can be both  ene rgy  e f f i c i e n t  a n d ,  p e r h a p s  e q u a l l y  

i m p o r t a n t ,  h a s  t h e  p o t e n t i a l  t o  improve u s e r  s a t i s f a c t i o n .  

Beyond t h e  q u e s t i o n  of s a v i n g  energy  th rough  :he u s e  of c o n t r o l  sys tems  i s  t h e  need f o r  

a  b e t t e r  u n d e r s t a n d i n g  of t h e  e f f e c t  of poor l i g h t i n g  on u s e r  p e r f o r a a n c e  and s a t i s f a c t i o n .  

Keeping i n  mind a g a i n  t h e  h i g h  c o s t  of s a l a r i e s  compared t o  t h e  c a p i t a l  and energy  c o s t  of 

l i g h t i n g ,  i t  is impor tan t  t o  u n d e r s t a n d  t h e  e f f e c t s  of a p a r t i c u l a r  c o n t r o l  s:rntc.!:y. For 

example, t h e  ene rgy  c o s t  of l i g h t i n g  f o r  one ye:?r i s  a p p r o x i m a t e l y  e q u a l  t o  one Iio11r of 



t h e  o c c u p a n t ' s  wages. Also,  on a v e r a g e ,  t h e  amount of l i g h t  t h a t  p a s s e s  th rough  t h e  human eye 

d e c r e a s e s  by age 60 t o  abou t  one t h i r d  of t h a t  a t  a g e  20,  which h a s  a d i r e c t  b e a r i n g  upon t h e  
i n d i v i d u a l ' s  v i s i o n  and ,  presumably,  performance (Wright  and Rea 1984) .  S t u d i e s  have shown 
t h a t  peop le  compensate f o r  low l i g h t  l e v e l s  by moving c l o s e r  t o  t h e i r  work (Rea,  O u e l l e t t e  and 

Kennedy 1985) ,  which may r e s u l t  i n  eye  s t r a i n  o r  back problems.  As one r e s e a r c h e r  summed up 

(Rea 1984); 

More complex and more i m p o r t a n t  t h a n  a n  u n d e r s t a n d i n g  of t h e  c o s t s  a s s o c i a t e d  

w i t h  t h e  o p e r a t i o n  of l i g h t i n g  and o t h e r  sys tems  i n  a  b u i l d i n g ,  i s  a n  under-  

s t a n d i n g  of how t h e  modula t ion  of l i g h t i n g  a f f e c t s  t h e  o c c u p a n t .  C o n t r o l s  

shou ld  n o t  compromise t h e  pr imary o b j e c t i v e s  of l i g h t i n g  t h e  s p a c e ,  which a r e  
t o  meet t h e  needs  of t h e  occupan t .  

People  a r e  p a r t i c u l a r l y  s e n s i t i v e  t o  problems w i t h  l i g h t i n g  and a r e  e a s i l y  f r u s t r a t e d  
by sys tems t h a t  d o n ' t  work p r o p e r l y .  Systems t h a t  t u r n  l i g h t s  o f f  r i g h t  a t  q u i t t i n g  t ime seem 

t o  prompt some peop le ,  who p r e v i o u s l y  s t a y e d  on ,  t o  go home. A g e n e r a l  g u i d e  would be t o  u s e  
a g g r e s s i v e  approaches  t o  l i g h t i n g  c o n t r o l  i n  empty s p a c e s  and c o n s e r v a t i v e  ones  i n  occupied 

spaces .  

I f  t h e  t e l e p h o n e  code s y s t e m  is  u s e d  f o r  o v e r r i d i n g  s c h e d u l e s ,  a n  o f f i c e  p r a n k s t e r  may 

c a u s e  problems by t u r n i n g  o t h e r  w o r k e r s '  l i g h t s  o f f  and on. 

U n f o r t u n a t e l y ,  t h e  s e n s o r s  u s e d  t o  d e t e r m i n e  t h e  l e v e l  of d a y l i g h t i n g  and t o  d e t e c t  t h e  
p resence  of people  a r e  no t  a lways  r e l i a b l e  and do n o t  n e c e s s a r i l y  r e f l e c t  t h e  o c c u p a n t ' s  i d e a  

of t h e  p r e f e r r e d  l i g h t  l e v e l .  One b u i l d i n g  manager r e p o r t e d  t h a t  t h e  u l t r a s o n i c  s e n s o r s  

i n s t a l l e d  i n  h i s  b u i l d i n g  were a  problem as t h e y  were  t o o  s e n s i t i v e  and needed t o  be 
r e a d j u s t e d  from person  t o  p e r s o n .  A t  t i m e s  t h e  l i g h t s  would t u r n  o f f  i f  t h e  p e r s o n  was n o t  

a c t i v e  enough. 

Fol lowing a r e  some of t h e  t e c h n o l o g i c a l  advances  needed i n  l i g h t i n g  (Verder  and  

R u b i n s t e i n  1984) : reduced equipment  c o s t s ,  improved equipment r e l i a b i l i t y ,  development  of 

scann ing  p h o t o c e l l s ,  development of s c a n n i n g  p e r s o n n e l  s e n s o r s ,  i n s t a l l a t i o n  of a  t r a n s c e i v e r  

i n  each e l e c t r o n i c  b a l l a s t ,  development  of power- l ine  c a r r i e r  conmunica t ions  sys tems .  

Computer-control led  l i g h t i n g  sys tems  u s e  a  t w i s t e d - p a i r  network t o  connec t  t h e  l i g h t i n g  

CPU t o  t h e  t r a n s c e i v e r  p a n e l s  (FPUs) t h a t  a r e  s c a t t e r e d  a b o u t  t h e  b u i l d i n g .  These p a n e l s  
t e r m i n a t e  t h e  110 v o l t  l i n e s  from e a c h  f i x t u r e  and a l l  of t h e  s w i t c h e s  and s e n s o r s .  

F i r e  S a f e t y  

Once a n  a l a r m  c o n d i t i o n  is  s e n s e d ,  t h e  f i r e  s a f e t y  s y s t e m  sounds  some fo rm o f ' l o c a l  

a larm.  It may cause  a l l  of t h e  e l e v a t o r s  t o  home t o  a  p r e d e t e r m i n e d  f l o o r  and s h u t  down, c a l l  

t h e  f i r e  depar tment  a u t o m a t i c a l l y ,  i n i t i a t e  smoke c o n t r o l  measures  t h a t  s i m p l y  s h u t  down a l l  
v e n t i l a t i o n  sys tems o r  t h a t  p r e s s u r i z e  s t a i r w e l l s  and t h e  f l o o r s  around t h e  f i r e  f l o o r  w h i l e  

drawing a i r  ou t  of t h e  f i r e  l o c a t i o n ,  and  i t  may a u t o m a t i c a l l y  c l o s e  a l l  f i r e  doors .  

Developments i n  t h e  f i r e  d e t e c t i o n  and c o n t r o l  i n d u s t r i e s  have  been s l i g h t l y  s lower  I 

s i n c e  they  i n v o l v e  l i f e  s a f e t y ;  however,  computers  and m i c r o p r o c e s s o r s  a r e  becoming common. 

The f i r e  communications network l i n k s  a l l  smoke and h e a t  s e n s o r s ,  manual p u l l  s t a t i o n s ,  and 
I 
! 

s p r i n k l e r  f low v a l v e  s e n s o r s ,  o v e r  t w i s t e d  p a i r  w i r i n g  t o  a  c e n t r a l  computer t h a t  i s  a b l e  t o  

t e s t  a l l  of t h e  components c o n s t a n t l y  f o r  f a i l u r e .  The N a t i o n a l  F i r e  Code r e g u l a t e s  t h e  type  

and l o c a t i o n  of w i r e s  and any o v e r r i d e s  n e c e s s a r y  such  a s  t h e  f i r e  f i g h t i n g  p a n e l .  
i 

D e s p i t e  a l l  of t h e  s o p h i s t i c a t e d  c o n t r o l  s o f t w a r e ,  t y p i c a l l y  f i r e  f i g h t e r s  d e a c t i v a t e  

t h e  computer sys tem upon a r r i v a l ,  which n e g a t e s  any s p e c i a l  smoke c o n t r o l ,  f i r e  f i g h t i n g ,  o r  1 

e v a c u a t i o n  sys tems.  There a r e  s e v e r a l  r e a s o n s  f o r  t h i s ,  s u c h  a s  a  l a c k  of knowledge about  how 

each computer sys tem works,  which i s  compounded by a  l a c k  of a  s t a n d a r d  u s e r  i n t e r f a c e  and a  

l a c k  of s t a n d a r d i z e d  computer s o f t w a r e .  O l d e r ,  h a r d w i r e d ,  e l e c t r i c a l / m e c h a n i c a l  f i r e  sys tems 
a r e  r i g i d l y  c o n t r o l l e d  s o  they  can  be depended upon t o  work i n  a  c r i s i s .  There  i s  some 

concern about t h e  d e p e n d a b i l i t y  of t h e  computer hardware  and s o f t w a r e  c o n s i d e r i n g  t h e  

consequences of a  program bug o r  hardware f a i l u r e  and t h e  h o s t i l e  e n v i r o n n e n t  i n  whieh a  f i r e  
c o n t r o l  sys tem must work. 

Smoke and f i r e  s e n s o r s  can produce f a l s e  a l a r m s ,  s o  i n  many l a r g e  complexes ,  t h e  
computer does not a u t o m a t i c a l l y  sound t h e  a l a rm b u t  sentis a  l e v e l  one a l e r t  t o  t h e  s e c u r i t y  



guard f o r  i n v e s t i g a t i o n .  The a l e r t  w i l l  e s c a l a t e  a u t o m a t i c a l l y  t o  a  f u l l  a l a rm i f  i t  i s  not 

o v e r r i d d e n  w i t h i n  a  c e r t a i n  p e r i o d  of t i m e .  

S e c u r i t y  

More t h a n  300 b u s i n e s s  p remises  were broken i n t o  d a i l y  i n  Canada i n  1984 a t  which t ime  

$175 m i l l i o n  d o l l a r s  was b e i n g  s p e n t  on s e c u r i t y  equipment ( G o b e i l  1984) .  I n d i v i d u a l  

e l e c t r o n i c  s e c u r i t y  systems range  from $3,000 t o  S5 m i l l i o n ,  depend ing  upon t h e  i n s t a l l a t i o n ,  

w h i l e  a  24 hour  manned guard p o s t  c o s t s  between S60,OOO and S100,000 p e r  y e a r .  

The two components of s e c u r i t y  a r e  a c c e s s  c o n t r u l  and i n t r u s i o n  d e t e c t i o n .  

The a c c e s s  c o n t r o l  s e n s o r  may be a  s e c u r i t y  c a r d  u s i n g  a  s i m p l e  magnet ic  s t r i p  o r  a n  

embedded w i r e  (Weigand e f f e c t ) ,  a  p rox imi ty  c a r d  r e a d e r  t h a t  u s e s  a  s m a l l  e l e c t r o m a g n e t i c  
f i e l d  t o  e n e r g i z e  t h e  c a r d ,  a n  occupancy s e n s o r  s u c h  a s  t h o s e  u s e d  i n  l i g h t i n g ,  o r  v o i c e  
( b i o m e t r i c ) ,  f i n g e r ,  hand, o r  r e t i n a  r e a d e r s .  The l a s t  f o u r  r e n a i n  ve ry  expens ive  and a r e  

on ly  used i n  s p e c i a l  i n s t a l l a t i o n s .  I n  most c a s e s ,  t h e  a c c e s s  i s  logged and o f t e n  a  check 
a g a i n s t  a  p e r m i t t e d  a c c e s s  l i s t  is  made b e f o r e  t h e  s e c u r i t y  f i e l d  m i c r o p r o c e s s o r  a c t i v a t e s  t h e  

e l e c t r i c  door l o c k ,  t h e  ga rage  a c c e s s  g a t e ,  o r  t h e  e l e v a t o r  f l o o r  b u t t o n s .  Access may be 

l i m i t e d  t o  c e r t a i n  hours  of t h e  day o r  r e s t r i c t e d  t o  a  p a r t  of t h e  b u i l d i n g  and i s  c o n t r o l l e d  
v i a  a  door o r  t h e  i n d i v i d u a l  f l o o r s  on a n  e l e v a t o r .  

Other  s e n s o r s ,  such  a s  motion o r  h e a t  d e t e c t o r s ,  p r e s s u r e  s e n s o r s ,  door  s w i t c h e s ,  and 
v i b r a t i o n  s e n s o r s ,  a r e  used t o  d e t e c t  u n a u t h o r i z e d  e n t r y .  I f  a  s e c u r i t y  breach has  occur red ,  

a l l  of t h e  l i g h t s  i n  t h e  a r e a  a r e  o f t e n  t u r n e d  on a u t o m a t i c a l l y  a s  w e l l  a s  n o t i f i c a t i o n  of any 

on s i t e  s e c u r i t y  p e r s o n n e l ,  p o s s i b l e  o f f - s i t e  a la rm,  and t h e  a c t i v a t i o n  of r e c o r d i n g  and 
l o g g i n g  dev ices .  

Access s e n s o r s  and a c t u a t o r s  a r e  connected t o  f i e l d  p r o c e s s o r s ,  which a r e  i n  t u r n  

connected t o  t h e  s e c u r i t y  computer,  a g a i n  over  t w i s t e d  p a i r  w i r i n g .  More t h a n  one b u i l d i n g  

may be moni tored by a  s i n g l e  s e c u r i t y  computer and guard u s i n g  t e l e p h o n e  l i n e s  t o  a c c e s s  

b u i l d i n g  s p e c i f i c  s e c u r i t y  m i c r o p r o c e s s o r s .  Bes ides  t h e s e  d i g i t a l  computer ne tworks ,  c l o s e d  

c i r c u i t  t e l e v i s i o n  is  o f t e n  u s e d ,  which r e q u i r e s  a  communications medium s u c h  a s  c o a d a l  c a b l e  

o r  f i b e r  o p t i c s  t o  c a r r y  t h e  i n f o r ~ a t i o n .  

E l e v a t o r s ,  E s c a l a t o r s ,  Moving Walkways and Automatic Doors 

In  t h e  l a r g e r  b u i l d i n g s  w i t h  banks of e l e v a t o r s ,  complex c o n t r o l  computers  are used f o r  

t r a n s p o r t a t i o n  s c h e d u l i n g  t o  o p t i m i z e  s e r v i c e ,  p r e v e n t  crowding,  s a v e  e n e r g y ,  and p rov ide  

e f f i c i e n t  coverage f o r  t h e  b u i l d i n g .  The c o n t r o l  s o f t w a r e  t r i e s  t o  a n t i c i p a t e  demand based 
upon t h e  c a l l s  r e c e i v e d  and on h i g h  p r o b a b i l i t y  f l o o r s .  C a l l s  from c o n t i g u o u s  f l o o r s  a r e  

g iven  t o  one e l e v a t o r  o r  p r i o r i t y  may be g i v e n  t o  c o i n c i d e n t  c a l l s  where one pe rson  i s  g e t t i n g  

o f f  and a n o t h e r  on a t  t h e  same f l o o r .  I t  a l s o  a l l o w s  t h e  sys tem t o  a n t i c i p a t e  t r a f f i c  
p a t t e r n s  such  a s  t h e  morning up-peak and even ing  down-peak and t o  pa rk  c a r s  a t  s t r a t e g i c  

l o c a t i o n s  when no t  needed. 

Revolving doors  a r e  o f t e n  s e n s o r  and microcomputer c o n t r o l l e d  f o r  u s e r  conven ience ,  f o r  

s a f e t y  o r  s e c u r i t y .  These can a l s o  p rov ide  hands - f ree  o p e r a t i o n  f o r  t h e  d i s a b l e d ,  a l though  

au tomat ic  r e v o l v i n g  doors  can be dangerous  f o r  d i s a b l e d  p e o p l e  who may n o t  be  a b l e  t o  keep up. 

Revolving doors  wi th  u l t r a s o n i c  o r  microwave s e n s o r s  a r e  used i n  s e c u r i t y  a r e a s  such  a s  

a i r p o r t s  t o  p rov ide  one-way t r a f f i c  ( t h e y  r e v e r s e  s l o w l y  t o  push someone go ing  t h e  wrong way 

back o u t ) .  Energy c o n s e r v a t i o n  measures and modern equipment such  a s  d i r e c t  coupled DC motors 

w i t h  s o l i d - s t a t e  r e c t i f i e r s  a r e  used  t o  reduce  t h e  o p e r a t i o n a l  c o s t s  of e l e v a t o r s ,  e s c a l a t o r s ,  

and r e v o l v i n g  doors .  

I n  l a r g e  i n s t a l l a t i o n s ,  e a c h  e l e v a t o r  c a b  h a s  a  m i c r o p r o c e s s o r  t h a t  communicates wi th  a  

bank c o n t r o l l e r  i n  t h e  m c h a n i c a l  room. The s e n s o r s  on t h e  cab  a r e  homewired, a g a i n  w i t h  
t w i s t e d  p a i r ,  t o  t h e  cab  c o n t r o l l e r ,  which i s  homewired t o  t h e  bank c o n t r o l l e r .  

I n  a d d i t i o n  t o  t h e  u s u a l  f l o o r  c a l l  and door open s e n s o r s ,  f l o o r  i d e n t i f i c a t i o n ,  

v e l o c i t y ,  load  and p o s i t i o n  s e n s o r s  a r e  used.  



E l e c t r i c a l  Power 

A s  a r e s u l t  of t h i s  c o m p u t e r i z a t i o n  of b u i l d i n g  s e r v i c e s ,  a  h i g h  p r i o r i t y  i s  o f t e n  

p laced  on s e c u r e ,  u n i n t e r r u p t a b l e  power i n  c a s e  of emergency. Yany b u i l d i n g s ,  t h e r e f o r e ,  have 

some form of b a t t e r y  backup, and some c r i t i c a l  i n s t i t u t i o n a l  b u i l d i n g s  such  a s  h o s p i t a l s ,  

p e n i t e n t i a r i e s  and museums have s t a n d b y  g e n e r a t o r s .  

L i t t l e  has  changed i n  t h e  d i s t r i b u t i o n  of e l e c t r i c a l  power w i t h i n  b u i l d i n g s  i n  t h e  l a s t  

t e n  y e a r s .  Although t h e  power r e q u i r e m e n t s  of t e n a n t  s e r v i c e s  a r e  n o t  l a r g e ,  t h e r e  i s  u s u a l l y  

a  s h o r t a g e  of o u t l e t s  o r  t h e y  a r e  l o c a t e d  i n  t h e  wrong p l a c e  (many t e n a n t s  u s e  power b a r s  o r  

e x t e n s i o n  cords ) .  The t echno logy  e x i s t s  t o  m n i t o r  and c o n t r o l  each power o u t l e t  and a l l  of 
t h e  w i r i n g ,  but such  systems a r e  n o t  y e t  c o s t  e f f e c t i v e  f o r  l a r g e  b u i l d i n g s  and a r e  o n l y  now 

be ing  developed f o r  r e s i d e n t i a l  b u i l d i n g s  (e.g. ,  t h e  N a t i o n a l  A s s o c i a t i o n  of Home B u i l d e r ' s  
Smart House p r o j e c t ) .  

Tenant S e r v i c e s  

Tenant s e r v i c e s ,  i n  t h e  c o n t e x t  of d i g i t a l  e l e c t r o n i c s ,  a r e  s i m p l y  t h e  e l e c t r o n i c  

s e r v i c e s  t h a t  a r e  s u p p l i e d  by t h e  o c c u p a n t s  of a  b u i l d i n g  i n  o r d e r  t o  c a r r y  o u t  t h e i r  
bus iness .  As opposed t o  b u i l d i n g  s e r v i c e s ,  t e n a n t  s e r v i c e s  a r e  more u s e r - s p e c i f i c ,  s o  t h e  

economies of s c a l e  r e a l i z e d  by h a v i n g  t h e  owner p r o v i d e  t h e s e  s e r v i c e s  a u t o m a t i c a l l y  a s  p a r t  

of t h e  r e n t  a r e  n o t  always t h e r e .  The e x c e p t i o n  i s  s h a r e d  t e n a n t  s e r v i c e s ,  d i s c u s s e d  l a t e r .  

Automated t e n a n t  s e r v i c e s  can be d i v i d e d  i n t o  two groups  a s  f o l l o w s :  

I.  Off i c e  Automation 

- Word p r o c e s s i n g ,  p u b l i s h i n g ,  copy ing  

- D i c t a t i o n ,  o p t i c a l  c h a r a c t e r  r e a d e r s  
- Elec t r -on ic  f i l i n g  and f i l e  c o n v e r s i o n  

- Management i n f o r m a t i o n  sys tems  

- Databases  and o t h e r  computer f a c i l i t i e s  

2. Communications 

- Telephone, t e l e x ,  f a c s i m i l e  

Data t r a n s f e r ,  a c c e s s  t o  d a t a  b a s e s  

- E l e c t r o n i c  and v o i c e  messaging 
- Closed c i r c u i t  t e l e v i s i o n  

- Modem p o o l i n g ,  gateways t o  e x t e r n a l  ne tworks  

The b u s i n e s s  of i n s t a l l i n g  t e n a n t  s e r v i c e  equipment ( i n c l u d i n g  permanent s u p p o r t  

equipment such a s  PBXs but  n o t  i n c l u d i n g  t h e  of £ i c e  au tomat ion  equ ipment )  i n  t h e  U.S. was 

p r o j e c t e d  t o  grow from $1.15 b i l l i o n  d o l l a r s  i n  1985 t o  $1.48 b i l l i o n  i n  1990 and t o  $1.76 
b i l l i o n  by 1995 ( I n t e r n a t i o n a l  Resource Development I n c .  1985) .  

Many t e n a n t  s e r v i c e s  u s e  some form of communications ne twork ,  which u s u a l l y  i s  des igned  

t o  work w i t h  t h e  s p e c i f i c  s e r v i c e  hardware  i n  use .  O f t e n ,  t h e r e f o r e ,  more t h a n  one network is  

r e q u i r e d  t o  suppor t  t h e  v a r i o u s  t y p e s  of equipment.  The w i r e s  may be i n s t a l l e d  by t h e  

t e lephone  company a n d / o r  o t h e r  s e r v i c e  p r o v i d e r  a n d / o r  by t h e  u s e r s  themse lves  and t h e  media 

may be t w i s t e d  p a i r ,  coax,  o r  f i b e r  o p t i c .  

Shared Tenant S e r v i c e s  

Shared t e n a n t  s e r v i c e s  (STS)  i s  t h e  l e a s i n g  of t e n a n t  s e r v i c e  equipment t o  t h e  t e n a n t s  

of a  mul t i - t enan t  b u i l d i n g  e i t h e r  d i r e c t l y  by t h e  owner o r  by a  s i n g l e  s e r v i c e  p r o v i d e r  

c o n t r a c t e d  t o  do so.  I n  a  m u l t i - t e n a n t  env i ronment ,  i t  may make economic s e n s e  t o  s h a r e  t h e  

c a p i t a l ,  i n s t a l l a t i o n ,  o p e r a t i n g ,  and maintenance c o s t s  of t h e  t e n a n t  s e r v i c e  equipment among 
some o r  a l l  of t h e  t e n a n t s  a n d ,  t h e r e f o r e ,  i n  t h e  c o n t e x t  of "smart  b u i l d i n g s , "  t h e  p r o v i s i o n  

of sha red  t e n a n t  s e r v i c e s  can be c o n s i d e r e d  p a r t  of smart  b u i l d i n g  s e r v i c e s .  

Revenues from t h e  s a l e  of t h e s e  s e r v i c e s  was expec ted  t o  jump from $1.58 b i l l i o n  i n  

1985 t o  $5.18 b i l l i o n  i n  1990 and t o  $ 2 6 . 7  b i l l i o n  by 1995 ( I n t e r n a t i o n a l  Resource Development 

l n c .  1985). There now a p p e a r s ,  however,  t o  be a  shakeou t  of t h e  s h a r e d  t e n a n t  s e r v i c e  
p r o v i d e r s ,  and t h i s  market has  not  grown a s  r a p i d l y  a s  e x p e c t e d .  



OPPORTUNITIES AND FUTURE DIRECTIONS 

F u t u r e  o f  B u i l d i n g  S e r v i c e s  

B u i l d i n g  s e r v i c e s  a r e  moving toward  s h a r i n g  communica t ions  equ ipmen t ,  which does  n o t  

n e c e s s a r i l y  mean t h e  f u n c t i o n a l  i n t e g r a t i o n  of t h e s e  s e r v i c e s ,  a s  each  c o u l d  s t i l l  r ema in  
p r o p r i e t a r y  and r e c e i v e  o n l y  t h o s e  messages  t h a t  were  a d d r e s s e d  t o  i t .  F u n c t i o n a l  i n t e g r a t i o n  

of t h e  s e r v i c e s  such  t h a t  i n f o r m a t i o n  i s  p a s s e d  between them i ~ p l i e s  a  h i g h e r  l e v e l  of 

c o m p a t i b i l i t y  t h a n  j u s t  common communica t ions .  T h i s  l e v e l  o c c u r s  now w i t h  some m a n u f a c t u r e r s  

who have  p r o d u c t s  i n  more t h a n  one  b u i l d i n g  s e r v i c e ,  b u t  an  ope2  n o n - p r o p r i e t a r y  s y s t e m  w i l l  

n o t  o c c u r  soon.  For  e i t h e r  h a r d w a r e  o r  f u n c t i o n a l  i n t e g r a t i o n  t o  be implemented  a s  a n  open 

s y s t e m ,  a  s t a n d a r d  w i l l  f i r s t  need t o  be  d e v e l o p e d ,  a n d ,  as d e s c r i b e d  l a t e r ,  such  work i s  now 
underway . 

The development  of s i m i l a r  c o n t r o l  equ ipmen t  and  s t r a t e g i e s  w i t h i n  e a c h  b u i l d i n g  

s e r v i c e  h a s  a l lowed  companies  who u s e d  t o  s p e c i a l i z e  i n  o n l y  o?e s e r v i c e  i n d u s t r y  t o  expand 

i n t o  o t h e r s .  As a  r e s u l t ,  t h e  p r e v i o u s l y  f r a g m e n t e d  b u i l d i n g  s e r v i c e  i n d u s t r y  may become more 

u n i f i e d  a s  some companies expand and o t h e r s  rrerge. By t h e  s a n e  t o k e n ,  s t a n d a r d i z e d  
n o n - p r o p r i e t a r y  communicat ions  may a l l o w  s m a l l e r  companies  t o  a a k e  components  f o r  what a r e  now 

c l o s e d  sys t ems  and f o r  s e n s o r  m a n u f a c t u r e r s  t o  i n s t a l l  m r e  i n t e l l i g e n c e  i n  t h e i r  p r o d u c t s .  

It i s  now p o s s i b l e  f o r  a  t e n a n t  t o  c o n t r o l  t h e  HVAC f o r  h i s  o m  work a r e a  a l t h o u g h  t h e  

c o s t s  a r e  h igh .  Developmenta l  work and mss p r o d u c t i o n  c o u p l e 6  w i t h  u s e r  demand may make t h i s  

more f e a s i b l e  i n  t h e  f u t u r e .  

Even though t h e  HVAC s y s t e n  i n  a  b u i l d i n g  i s  des i -ed  ar?d i n s t a l l e d  c o r r e c t l y ,  t h e  

b u i l d i n g  may n o t  o p e r a t e  p r o p e r l y  s i n c e  b u i l d i n g s  a r e  o f t e n  no: u s e d  a s  t h e y  a r e  d e s i g n e d .  

The t e n a n t  and occupancy t y p e  may change c o m p l e t e l y ,  w a l l s  and  ? a r t i t i o n s  may he e r e c t e d ,  
d u c t s  s h u t  o f f ,  unp lanned  f o r  equipment  w i t h  heavy t h e r m a l  l o a d s  b r o u g h t  i n ,  o r  some o t h e r  

s i m i l a r  m o d i f i c a t i o n  t h a t  c o m p l e t e l y  n e g a t e s  t h e  o r i g i n a l  d e s i g n .  It i s  n o t  uncommon t o  f i n d  
rooms c o n t r o l l e d  by t h e r m o s t a t s  o r  l i g h t  s w i t c h e s  l o c a t e d  e l s e w h e r e  o r  t h a t  no l o n g e r  have 

a d e q u a t e  v e n t i l a t i o n  due  t o  t h e  i n s t a l l a t i o n  of a  p a r t i t i o n  o r  even  t h a t  n o  l o n g e r  have  t h e  

c o d e - r e q u i r e d  f i r e  s e n s o r s .  Computers and communicat ions  c a n n o t  s o l v e  t h e s e  p rob lems  

d i r e c t l y ,  however,  t h e y  a r e  a b l e  t o  s i g n a l  when d e s i g n  c o n d i t i o n s  c a n n o t  be  m a i n t a i n e d .  

S e c u r i t y  s y s t e m s  p r e s e n t  t h e  most p e r s u a s i v e  a rgumen t  f o r  a  l e v e l  of i n t e g r a t i o n  of a l l  

b u i l d i n g  s e r v i c e s  i n  t h a t  a l l  of t h e  r z d e r n  b u i l d i n g  s e r v i c e  equ ipmen t  c o u l d  fo rm p a r t  of t h e  

s e n s o r  network.  T h i s  would mean t h a t  a  l i g h t  o r  a  p i e c e  of equ ipmen t  b e i n g  t u r n e d  on o r  a n  

e l e v a t o r  o r  even  a  washroom b e i n g  u s e d  c o u l d  s i g n a l  a n  u n a u t h o r i z e d  e n t r y .  

A t  p r e s e n t  t h e r e  i s  no s e n s o r  s y s t e m  t h a t  c o u l d  s i g n a l  a n  e s c a l a t o r  t o  s t a r t  o r  s t o p  

based  upon a  p e r s o n  b e i n g  p r e s e n t .  The c o s t  s a v i n g s  of s u c h  a n  o p e r a t i o n  would need t o  be 

ba lanced  a g a i n s t  t h e  p o s s i b l e  r e d u c t i o n  i n  s e r v i c e  l i f e  o r  i n c r e a s e  i n  m a i n t e n a n c e  c o s t s .  

P o s s i b l e  f u t u r e  deve lopmen t s  i n  t h e  f i r e  s e r v i c e s  migh t  h a v e  t h e  compute r  c o o r d i n a t e  a n  

e v a c u a t i o n  based upon t h e  l o c a t i o n  of p e o p l e  i n  t h e  b u i l d i n g  i n  r e l a t i o n  t o  t h e  f i r e .  Dynamic 

a d j u s t m e n t s  c o u l d  be made f o r  t r a f f i c  c o n g e s t i o n  o r  b l o c k e d  e x i t s .  A l s o ,  i f  e a c h  b u i l d i n g  

w e r e  t o  c o n t a i n  some form of a  d a t a  b a s e  a b o u t  i t s e l f ,  t h e n  up - to -da te  b u i l d i n g  s p e c i f i c  
i n f o r m a t i o n  s u c h  a s  f i r e  h a z a r d s ,  emergency equipment  unde r  r e p a i r ,  l o c a t  i o n  of t o x i c  

s u b s t a n c e s ,  and l o c a t i o n  of d i s a b l e d  p e o p l e  c o u l d  be a v a i l a b l e .  A mobi l e  f i r e  c o n t r o l  

computer  t h a t  c o u l d  c o n n e c t  t o  t h e  b u i l d i n g  f i r e  c o n t r o l  compute r  would a l l o w  t h e  f i r e  

f i g h t e r s  t o  make u s e  of t h i s  i n f o r m a t i o n  and of t h e  f i r e  c o n t r o l  t e c h n i q u e s  i n s t a l l e d  i n  t h e  
b u i l d i n g .  E x i t  s i g n s  t h a t  a d a p t e d  t o  t h e  smoke c o n d i t i o n s  i n  t h e  room, f o r  e x a g p l e  f l a s h i n g ,  

i n c r e a s i n g  i n  i n t e n s i t y ,  o r  coup led  t o  an  a u d i o  a l a r m ,  s ~ o u l d  enhance  t h e  l i ke l i i . . ood  of a  
p e r s o n  e s c a p i n g  a  smoke-f i l l e d  room. 

One p o s s i b l e  a d v a n t a g e  r e s u l t i n g  from t h e  deve lopmen t  of power c o n t r o l  and d i s t r i b u t i o n  

s y s t e m s  i s  i n c r e a s e d  s a f e t y ,  a s  o u t l e t s  c o u l d  be a c t i v a t e d  o n l y  i f  a v a l i d  a p p l i a n c e  were 

c o n n e c t e d ,  n o t  i f  a  c h i l d  i n s e r t e d  a  s c r e w d r i v e r  o r  i f  t h e  w i r e s  s h o r t e d  ( e . ? . ,  Smar t  House).  

A l so  t h e  a b i l i t y  t o  r e p o r t  power usage  by o u t l e t  would h e l p  t o  d e t e r m i n e  where e l e c t r i c a l  
e n e r g y  i s  a c t u a l l y  b e i n g  u s e d ,  and t h e r e f o r e  t h e  c o s t  c o u l d  be h i l l e d  hack t o  :he u s e r  and t h e  

u s e r  would have a  b e t t e r  i d e a  of t h e  amount of power b e i n g  co;isumed by e:=.ch ~ l s \ - i c e .  



Future  Requirements of Tenant  and Shared  Tenant  S e r v i c e s  

E l e c t r o n i c  t e n a n t  s e r v i c e s  a r e  s t i l l  be ing  i n s t a l l e d  a t  a  g r e a t  r a t e ,  which means t h e y  

w i l l  have an even l a r g e r  impact on b u i l d i n g  communications and power sys tems  i n  t h e  f u t u r e .  

Shared t e n a n t  s e r v i c e  s t u d i e s  p r o f i l e  a  r e l u c t a n c e  o a  t h e  p a r t  of buyers  t o  s u b s c r i b e  

t o  such s e r v i c e s  and a  r e s u l t i n g  s h a k e o u t  of t h e  s u p p l i e r s .  The r e s u l r s  of one such survey  of 

t e n a n t s  and deve lopers  a r e  a s  f o l l o w s  (Kraemer 1985). 

1. Tenant 's Response 

- low awareness of p o t e n t i a l  f o r  s h a r e d  s e r v i c e s .  

- r e l i a b i l i t y  and c o s t  s a v i n g s  were key f a c t o r s .  
- a t t r a c t i o n  t o  b a s i c  s e r v i c e s  s u c h  a s  PBX f e a t u r e s ,  s i n g l e  p o i n t  of c o n t a c t ,  and 

d i scoun ted  l o n g  d i s t a n c e  t e l e p h o n e  r a t e s  ( i n  t h e  U.S.) 

- most do n o t  r e q u i r e  o r  a l r e a d y  have  t h e  enhanced s e r v i c e s  t h e y  r e q u i r e .  

- two of t h r e e  t e n a n t s  found t h e  s h a r e d  t e n a n t  s e r v i c e  concep t  a p p e a l i n g .  

2. Developer 's Response 

- STS viewed a s  a  means of a t t r a c t i n g  t e n a n t s .  

- a r e  concerned abou t  r e l i a b i l i t y .  

- a r e  w i l l i n g  t o  g r a n t  a  f r a n c h i s e  t o  a n  STS p r o v i d e r .  

- s e e  STS a s  a  p o s s i b l e  s o u r c e  of income. 

Bui ld ing  t e n a n t s  a r e  a c c e p t i n g  STS and computer t e c h n o l o g y  s l o w l y  f o r  two r e a s o n s .  

F i r s t ,  s e n i o r  company managers,  who c o n t r o l  mst of t h e  d e c i s i o n  nak ing ,  a r e  hav ing  t o  a d a p t  

t h e i r  t h i n k i n g  t o  unders tand  t h e  b e n e f i t s  of computer t echno logy  bo th  i n  t h e  o f f i c e  and i n  

b u i l d i n g  s e r v i c e s .  Second, most companies have w e l l - e s t a b l i s h e d  p r o c e d u r e s  and have purchased 

t h e  equipment r e q u i r e d  t o  conduct  t h e i r  b u s i n e s s  r e a s o n a b l y  w e l l .  So company sudden ly  needs  
a l l  of t h e  o f f i c e  au tomat ion  o r  t h e  t e lecommunica t ions  equipment o r  t h e  automated b u i l d i n g .  

Both of t h e s e  f a c t o r s  a r e  chang ing  a s  more computer l i t e r a t e  managers a r e  promoted and as 
b u s i n e s s e s  grow. T y p i c a l l y ,  computers  a r e  used  a s  a  means of s u p p o r t i n g  a  growing b u s i n e s s  
w i t h  t h e  same l e v e l  of s t a f f .  The change i s  e v o l u t i o n a r y ,  n o t  r e v o l u t i o n a r y .  F u r t h e r  

development of computer networks  w i l l  reduce  t h e  number of d i f f e r e n t  networks  r e q u i r e d  t o  
suppor t  a l l  of t h e  t e n a n t  s e r v i c e s .  

Bu i ld ing  Communications - a New B u i l d i n g  S e r v i c e  

There can be 10 o r  more s e p a r a t e  communications s y s t e m  i n s t a l l e d  i n  b u i l d i n g s  a t  
p r e s e n t  and much of t h e  s e r v i c e  w i r i n g  i s  homewired. T h i s  i s  not  on ly  c o s t l y  bu t  is ex t remely  

d i f f i c u l t  t o  manage. Old w i r e s  a r e  r a r e l y  removed due t o  t h e  c o s t  of l a b o r ,  t o  a  r e l u c t a n c e  

t o  reuse  o l d  w i r e ,  and t o  t h e  d i f f i c u l t y  i n  d e t e r m i n i n g  which w i r e  of a  bundle  i s  no l o n g e r  
being used. As  a  r e s u l t ,  b u i l d i n g s  a r e  becoming v i r t u a l  copper  n i n e s .  

The s o l u t i o n  i s  t o  deve lop  a  b u i l d i n g  communications network t h a t  c o u l d  be i n s t a l l e d  
cheap ly  d u r i n g  c o n s t r u c t i o n  and be u s e d  by a l l  of t h e  b u i l d i n g  and t e n a n t  s e r v i c e s .  I n  o t h e r  

words, communications cou ld  be added t o  t h e  l i s t  of b u i l d i n g  s e r v i c e s .  T h i s  would n o t  i n  

i t s e l f  p reven t  t h e  system from becoming o u t d a t e d  by t e c h n o l o g i c a l  advances ,  but  i t  would 
reduce i n s t a l l a t i o n  and o p e r a t i n g  c o s t s .  

A proper  i n v e s t i g a t i o n  might r e s u l t  i n  a  recommendation f o r  more t h a n  one ne twork ,  such  
a s  one f o r  b u i l d i n g  and one f o r  t e n a n t  s e r v i c e s  o r  one f o r  low- and a n o t h e r  f o r  high-speed 
communications. 

In  o r d e r  f o r  a  common b u i l d i n g  communications s y s t e m  t o  be deve loped ,  e i t h e r  a  market 

s t a n d a r d  o r  a  government s u p e r v i s e d  s t a n d a r d  must be deve loped .  - A t  p r e s e n t ,  a  number of 

government o r g a n i z a t i o n s  a r e  working on s t a n d a r d s  t h a t  a f f e c t  a l l  of t h e s e  communications.  
The I n t e r n a t i o n a l  S t a n d a r d s  O r g a n i z a t i o n ' s  (ISO) s e v e n  l a y e r  r e f e r e n c e  model f o r  open systems 

i n t e r c o n n e c t  (OSI) i s  a  b a s i c  r e f e r e n c e  p o i n t  f o r  o t h e r  computer comnunica t ions  s t a n d a r d s .  

The I n t e g r a t e d  Systems D i g i t a l  Network s t a n d a r d  (ISDN) b e i n g  deve loped  i s  i n t e n d e d  £ o f  
world-wide d i g i t a l  communications networks  s i m i l a r  t o  t h e  c u r r e n t  ana logue  t e l e p h o n e  network. 
The Canadian S tandards  A s s o c i a t i o n  (CSA) has  empowered a  commit tee  c a l l e d  t h e  T e c h n i c a l  

Committee on Bui ld ing  F a c i l i t i e s  Design Guide f o r  Telecommunicat ions  t o  a d d r e s s  b u i l d i n g  
w i r i n g  s t a n d a r d s .  



I n  a d d i t i o n  t o  t h e s e  government  o r g a n i z a t i o n s ,  s e v e r a l  l a r g e  n o n - s e r v i c e ,  companies  

have  deve loped  m a n u f a c t u r i n g  and o f f i c e  ne twork  s t a n d a r d s  t h a t  a l s o  a d d r e s s  t h e  problem bu t  
have  n o t  y e t  been a c c e p t e d  a s  de f a c t o  s t a n d a r d s  ( e . g . ,  t h e  Y a n u f a c t u r i n g  Automat ion  P r o t o c o l  

(MAP) and t h e  T e c h n i c a l  and  O f f i c e  P r o t o c o l  (TOPS)). 

Firms i n  t h e  s e r v i c e  i n d u s t r i e s  a r e  a l s o  a d d r e s s i n g  t h i s  i s s u e ,  b u t  t h e y  a r e  d o i n g  s o  

by a t t e m p t i n g  t o  a d a p t  t h e i r  e x i s t i n g  c o m p u t e r ,  t e l e c o m m u ~ . i c a t i o n s ,  o r  b u i l d i n g  s e r v i c e  
ne twork p r o p r i e t a r y  s y s t e m s  r a t h e r  t h a n  r e s e a r c h i n g  t h e  n e e d s  of a l l  s e r v i c e s  and p roduc ing  a  

p r o p e r l y  d e s i g n e d ,  open s y s t e m  network t h a t  a l l  m a n u f a c t u r e r s  c o u l d  s u p p o r t .  

The re  i s  much d i s c u s s i o n  a b o u t  which  medium s h o u l d  5e u s e d  f o r  t h i s  communicat ions  

ne twork.  T w i s t e d - p a i r  w i r i n g  i s  commonly u s e d  f o r  t e l e p h o n e s  azd  f o r  b u i l d i n g  s e r v i c e s ,  bu t  

some o f f i c e  a u t o m a t i o n  a p p l i c a t i o n s  and t e l e v i s i o n  c a b l e s  r e q u i r e  c o a x i a l  o r  f i b e r  o p t i c  c a b l e  

e i t h e r  f o r  speed  o r  t o  remove i n t e r f e r e n c e .  A d e c i s i o n  s h o u l d  je based  upon a s t u d y  of 
r e q u i r e m e n t s .  

R e s e a r c h  and Development R e q u i r e d  

The t e c h n o l o g y  development  c y c l e  i s  s t i l l  i n  t h e  i n i t i a l  p h a s e  of t e c h n o l o g y  push  where 
m a n u f a c t u r e r s  a r e  t r y i n g  t o  p r e d i c t  t h e  n e e d s  of t h e i r  marke t  f o r  t h e i r  i n i t i a l  p r o d u c t s .  The 

second  phase  i s  t h e  r e f i n e m e n t  of t h e s e  p r o d u c t s  by t h e  marke t  as  u s e r s  come t o  u n d e r s t a n d  how 

t h i s  t e c h n o l o g y  can  be used  and s u b s e q u e n t  p h a s e s  r e p e a t  t h e  f i r s t  t-GO. T h i s  i t e r a t i v e  

p r o c e s s  c a n  be s h o r t e n e d  and  b e t t e r  r e s u l t s  o b t a i n e d  i f  p r o p e r  r e s e ~ r c h  i s  c o n d u c t e d  i n t o  u s e r  

needs .  

The f o l l o w i n g  l i s t  shows some of t h e  r e s e a r c h  needed  b e f o r e  t h e s e  s y s t e m  d e v e l o p  much 

f u r t h e r :  

1. Develop s t a n d a r d  benchmark tes ts  f o r  b u i l d i n g  s e r v i c e  s y s t e m s  t h a t  carr be r e f e r r e d  

t o  i n  b u i l d i n g  s p e c i f i c a t i o n s  and pe r fo rmed  d u r i n g  c o n m i s s i o n i n g  of t h e  b u i l d i n g .  

T h i s  would a l l o w  b u i l d i n g  owners and o p e r a t o r s  t o  e v a l u a t e  p r o d u c t s  and  
i n s t a l l a t i o n s  p r o p e r l y .  

2. Develop machine i n t e r f a c e  s t a n d a r d s  s u c h  t h a t  t h e  s a m  p r o d u c t  f rom d i f f e r e n t  

m a n u f a c t u r e r s  would r e s p o n d  t o  t h e  same c o n t r o l  i n s t r u c t i o n  f o r m a t  and a l l  c a n  u s e  

t h e  same communicat ions  sys t em.  T h i s  would f a c i l i t a t e  i n t e g r a t i o n  of s e r v i c e s ,  

would a l l o w  s m a l l e r  m a n u f a c t u r e r s  t o  b u i l d  p r o d u c t s  t h a t  c o u l d  f i t  i n t o  a l a r g e r  

sys t em,  and would a l l o w  t h e  u s e  of a  s i n g l e  b u i l d i n g  communica t ions  s e r v i c e .  

3. Analyze t h e  f u t u r e  d i r e c t i o n s  of t h e s e  b u i l d i n g  s e r v i c e s  i n  t e r m s  of t h e i r  

i n c o m p a t i b i l i t y  w i t h  t h e  c u r r e n t  b u i l d i n g  c o d e s  i n  o r d e r  t o  f a c i l i t a t e  t h e  

i n t r o d u c t i o n  of new s y s  terns. 

4. Resea rch  t h e  need  f o r  and  a d v a n t a g e s  and d i s a d v a n t a g e s  of i n t e g r a t i n g  t h e  v a r i o u s  

s e r v i c e s  t o  d e t e r m i n e  what l e v e l  of i n t e g r a t i o n  would be  u s e f u l  and c o s t  

e f f e c t i v e .  

5. Resea rch  t h e  development  of e x p e r t  d i a g n o s t i c  s y s t e m s  f o r  s e r v i c e  components  and  

f o r  b u i l d i n g  o p e r a t i o n  t o  s i m p l i f y  b u i l d i n g  d i a g n o s t i c  and m a i n t e n a n c e  p r o c e d u r e s .  

6. Resea rch  t h e  e x t e n s i o n  of t h e  e x p e r t  s y s t e m s  m e n t i o n e d  a b o v e  t o  i n c l u d e  a r t i f i c i a l  

i n t e l l i g e n c e  t e c h n i q u e s  f o r  b u i l d i n g  o p e r a t i o n  t o  d e v e l o p  s y s t e m s  t h a t  c o u l d  be 
u s e d  t o  o p e r a t e  and commiss ioa  b u i l d i n g s .  

7 .  Resea rch  t h e  e f f e c t s  on human pe r fo rmance  of v a r y i n g  e n v i r o n m e n t a l  and work ing  

c o n d i t i o n s  t o  d e t e r m i n e  t h e  c o s t  and human i m p l i c a t i o n s  of no t  m i n t a i n i n g  c e r t a i n  

c o n d i t i o n s .  

8. Study t h e  l e v e l  of d e p e n d a b i l i t y  and d u r a b i l i t y  r e q u i r e d  of t h e s e  s y s t e m s  a n d  

d e v e l o p  ways of m e e t i n g  t h e s e  r e q u i r e m e n t s  i n  o r d e r  t o  s a f e g u a r d  o c c u p a n t s  i n  c a s e  

of f a i l u r e  o r  t o  e n s u r e  t h e  s y s t e m s  o p e r a t e  p r o p e r l y  u n d e r  h o s t i l e  c o n d i t i o n s  s u c h  

a s  f i r e .  



9. Research and development a r e  needed t o  p roduce  equipmext  t h a t  would h e l p  t o  p r o t e c t  

peop le  o r  a s s i s t  i n  t h e i r  e g r e s s  from a  b u i l d i n g  f i r e  and t o  b e t t e r  c o n t r o l  t h e  

e l e c t r i c a l  and gas  usage  t o  p r e v e n t  a c c i d e n t s .  

10. Analyze t h e  above ment ioned r e s e a r c h  and development  i n  t e r n s  of t h e  i n d u s t r i e s  

i n v o l v e d  t o  i d e n t i f y  t h o s e  who have p a r a l l e l  needs  and would be i n t e r e s t e d  i n  do ing  
some of t h e  work. Where t h e  payback p e r i o d  i s  t o o  l o n g  f o r  p r i v a t e  i n d u s t r y  o r  
changes f o r  t h e  p u b l i c  gobd a r e  r e q u i r e d ,  a p p r o p r i a t e  goverxment f a c i l i t i e s  s h o u l d  

be i d e n t i f i e d .  

SUMMARY 

Modern b u i l d i n g  s e r v i c e s  a r e  making i n c r e a s e d  u s e  of d i g i t a l  c o a p u t e r ,  c o n t r o l  and 

communications t e c h n o l o g i e s  and t h i s  f a c t  h a s  prompted some r o  r e f e r  t o  t h e s e  b u i l d i n g s  a s  

"smart ."  While t h i s  t e r m  may n o t  be c o m p l e t e l y  a c c e p t a b l e ,  t h e r e  have  been some r e a l  a n d  
u s e f u l  changes a s  a  r e s u l t  of t h e  a p p l i c a t i o n  of t h i s  t echno logy .  

A number of r e s e a r c h  and development  i s s u e s  need t o  be a d d r e s s e d  i f  t h e s e  s e r v i c e s  a r e  

t o  develop p r o p e r l y  and e f f i c i e n t l y .  These  a r e ;  t h e  d e v e l o p z e n t  of s t a n d a r d s  f o r  t e s t i n g  
s e r v i c e  equipment and f o r  communicat ions  ; a n a l y z i n g  t h e  f u t u r e  d i r e c t  i o n s  of b u i l d i n g  s e r v i c e s  

s o  a p p r o p r i a t e  code changes can  be made ; i n v e s t i g a t i n g  t h e  a p p r o p r i a t e  l e v e l  of i n t e g r a t i o n  

between s e r v i c e s ;  r e s e a r c h i n g  t h e  u s e  of e x p e r t  sys tems  and a r t i f i c i a l  i n t e l l i g e n c e  f o r  
equipment d i a g n o s i s  and b u i l d i n g  commiss ioning and o p e r a t i o n ;  r e s e a r c h i n g  t h e  e f f e c t s  of 

v a r i e d  env i ronmenta l  and working c o n d i t i o n s  on human p e r f o r m n c e ;  s t u d y i n g  t h e  l e v e l  of 

d e p e n d a b i l i t y  and d u r a b i l i t y  r e q u i r e d  of s e r v i c e  s y s t e m s ;  r e s e a r c h i n g  f u r t h e r  ways t o  p r o t e c t  

occupan t s  from a c c i d e n t  o r  f i r e .  

There i s  a s t r o n g  i n d i c a t i o n  t h a t  a  s t a n d a r d  b u i l d i n g  c o n u u n i c a t i o n s  s y s t e m  would be  

b e n e f i c i a l  t o  reduce t h e  c o s t s  of i n s t a l l i n g  and m a i n t a i n i n g  b u i l d i n g  w i r i n g  sys tems ,  b u t  

f u r t h e r  r e s e a r c h  and development i s  r e q u i r e d  t o  e v a l u a t e  t h e  p o s s i b i l i t y ,  w r i t e  t h e  
s p e c i f i c a t i o n s ,  and d e s i g n  t h e  equipment .  

There  i s  l i m i t e d  bu t  s l o w l y  growing s u p p o r t  f o r  s h a r e d  t e n a n t  s e r v i c e s ,  which is  t h e  

p r o v i s i o n  of such  t h i n g s  as o f f  i c e  a u t o m a t i o n  equipment  by t h e  b u i l d i n g  owner. 

Computers and communications a r e  b e i n g  u s e d  e x t e n s i v e l y  i n  b u i l d i n g  and t e n a n t  s e r v i c e s  
now and t h e  f u t u r e  p o s s i b i l i t i e s ,  w i t h  c a r e f u l  p l a n n i n g ,  a r e  s i g n i f i c a n t  and b e n e f i c i a l .  
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