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SUMMARY 

P a c i f i c  Northwest Laboratory  (PNL) has completed a  comprehensive i n v e n t o r y  

o f  e x i s t i n g  sources o f  measured end-use energy consumption data f o r  commercial 

b u i l d i n g s  t h a t  t y p i f y  common design p rac t i ces .  The study comprises one task  

w i t h i n  t he  Commercial B u i l d i n g s  Mete r ing  Pro jec t ,  which i s  one element o f  t h e  

Conimercial Bu i l d i ngs  Energy Use and Design Program managed by PNL f o r  t h e  U.S. 

Department o f  Energy. The goal o f  t he  p r o j e c t  i s  t o  p rov ide  an emp i r i ca l ,  w e l l  

documented, end-use energy consumption da ta  base f o r  researchers  i n  t h e  f i e l d s  

o f  b u i l d i n g  design, equipment manufactur ing,  p u b l i c  p o l i c y ,  energy-use simula- 

t i o n  model s, b u i l d i n g  c o n t r o l  , and u t i l  i t y  1  oad fo recas t ing .  A1 though da ta  

requirements f o r  these purposes have t r a d i t i o n a l l y  been.served by end-use com- 

p u t e r  s imulat ions,  emp i r i ca l  data  a re  d e s i r a b l e  t o  eval  uate  t h e  su i  t a b i l  i t y  o f  

re1 iance upon s imu la t ions ,  and a1 so t o  p rov i de  an a1 t e r n a t i v e  when s imu la t i on  

techniques do n o t  p rov ide  t h e  requ i r ed  l e v e l  o f  d e t a i l ,  t ime r e s o l u t i o n ,  o r  

accuracy. 

The i nven to r y  i n c l  uded con tac ts  w i t h  over  250 i nd i  v i  dual s  and o rgan i  za- 

t i o n s  l i k e l y  t o  have metered data. The o rgan iza t ions  contacted i nc l uded  u t i l i -  

t i e s ,  federa l ly -sponsored na t i ona l  l a b o r a t o r i e s ,  s t a t e  energy o f f i c e s ,  federa l  

agencies, a r c h i t e c t u r a l  and engineer ing f i rms ,  u n i v e r s i t i e s ,  t r ade  and p ro fes -  

s i  onal o rgan iza t ions ,  and b u i  1  d i ng  equipment manufacturers.  Contacts were made 

d i r e c t l y  through ma i l  ed ques t ionna i res  and phone i n t e r v i ews ,  and i nd i  r e c t l y  

through advert isements i n  t r a d e  and p ro fess iona l  magazines. I n  add i t i on ,  a  

l i t e r a t u r e  search was conducted and p rev ious  i n v e n t o r i e s  were reviewed. 

Two major f i n d i n g s  r e s u l t e d  from t h e  inven to ry .  The f i r s t  i s  t h a t  t h e r e  

a re  few well-documented sources o f  metered end-use data i n  the  p u b l i c  domain. 

The second i s  t h a t  a  well-documented and w ide l y -ava i l ab l e  da ta  base o f  metered 

* &  end-use data i s  o f  va lue t o  the  b u i l d i n g  research community. 

The study i d e n t i f i e d  37 data se ts  i n  which most end-uses i n  " t y p i c a l "  com- 

e merc ia l  b u i l d i n g s  a re  i n d i v i d u a l l y  metered: 8 1  arge o f f i c e  b u i l d i n g s ,  1 small 
o f f i c e  b u i l d i n g ,  11 res tauran ts ,  8 h o t e l s  and motels,  4 l a r g e  grocery s tores,  

3  m u l t i f a m i l y  dwe l l i ngs ,  and 2 r e t a i l  s to res .  Few o f  t he  37 data se ts  con ta i n  

both complete records o f  energy consumption and s u f f i c i e n t  documentation t o  



serve the  research needs de f ined  i n  t h i s  r e p o r t .  Fu r t he r  rev iew o f  t h e  data i s  

necessary t o  determine whether they are usable f o r  s p e c i f i c  purposes. A pre-  

l i m i n a r y  assessment o f  t h e  data i n d i c a t e s  t h a t  t he re  a re  a s u f f i c i e n t  q u a l i t y  

and q u a n t i t y  o f  data on res tauran ts ,  ho te l  s, and 1 arge o f f i c e  bu i  1 d ings t o  

serve many research needs t h a t  r e q u i r e  a  small sample o f  b u i l d i n g s .  A more 

d e f t n i t i v e  assessment must w a i t  u n t i l  ongoing meter ing e f f o r t s  a re  completed, 

and a d e t a i l e d  a n a l y s i s  o f  t he  completed p r o j e c t s  can be made. 
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1.0 INTRODUCTION 

P a c i f i c  Northwest Laboratory  (PNL), managed f o r  t h e  U.S. Department o f  

Energy by B a t t e l l e  Memorial I n s t i t u t e ,  i s  conduct ing a 1 ong-term research pro-  

gram focused on understanding energy use i n  commerci a1 b u i  1 d ings f o r  DOE' s 

O f f i c e  o f  B u i l d i n g  Energy Research and Development (BERD). One element o f  t h i s  

program, t h e  Commerci a1 Bui  1 d ings Energy Use and Design Program, i nvol  ves t h e  

c o l l  e c t i o n  o f  emp i r i ca l  end-use metered da ta  f o r  t y p i c a l  commercial b u i  1 dings. 

A r c h i t e c t s  and engineers r e l y  predominant ly  upon computer models and r u l e s  o f  

thumb t o  p rov ide  d e t a i l e d  i n f o rma t i on  on energy use. Th i s  research e f f o r t  i s  

focused upon develop ing an understanding o f  how energy i s  used i n  ac tua l  b u i l d -  

i ngs  i n  o rder  t o  a s s i s t  a r c h i t e c t s ,  engineers, and r e l a t e d  p ro fess i ona l s  i n  

understanding how energy can be saved. Empi r i ca l  end-use data i s  impor tan t  f o r  

co r robo ra t i ng  est imates and s i m u l a t i o n s , o f  energy use i n  b u i l d i n g s  and f o r  sup- 

p o r t i n g  r e l a t e d  research on computer s imu la t i on  codes, design o f  energy- 

e f f i c i e n t  bu i l d i ngs ,  i d e n t i f i c a t i o n  o f  conservat ion s t r a teg ies ,  and p o l i c y -  

making. 

Th is  r e p o r t  documents t h e  s t a t u s  o f  end-use data c o l l e c t i o n  e f f o r t s  f o r  

commercial b u i l d i n g s  and rev iews t he  c h a r a c t e r i s t i c s  o f  t h i s  data and i t s  s u i t -  

a b i l i t y  f o r  meet ing research requirements.  The i d e n t i f i c a t i o n  o f  metered end- 

use data i s  an ongoing process and t h i s  r e p o r t  may be updated p e r i o d i c a l l y  t o  

i nc l  ude a d d i t i o n a l  data desc r i p t i ons .  Fu r t he r  i n v e s t i g a t i o n  o f  se l  ec ted 

metered end-use data se ts  i s  planned and a d d i t i o n a l  r e p o r t s  ana lyz ing  the  data 

w i l l  be prepared as p a r t  o f  t h e  mete r ing  p r o j e c t .  

An inven to ry  o f  end-use mete r ing  a c t i v i t i e s  was conducted through ma i l  and 

telephone survey t o  es tab l  i sh whether s u i  tab1 e metered data e x i s t  t o  suppor t  

program ob jec t i ves ,  thereby determin ing t he  necess i t y  f o r  federa l  1 y-supported 

mete r ing  o f  commercial b u i l d i n g s .  Al though a number o f  surveys have been con- 

ducted re1 ated t o  sources o f  metered and r e l a t e d  data on commercial b u i l d i n g  

energy consumption, none have been focused upon i d e n t i f y i n g  and documenting 
a sources o f  end-use metered data f o r  t y p i c a l  commercial bu i l d i ngs .  



1.1 PROJECT SCOPE 

The p r i n c i p a l  goal o f  t h e  Commercial B u i l d i n g  Meter ing and Data Base 

Development P r o j e c t  i s  t o :  

E s t a b l i s h  an end-use empi r i ca l  data base f o r  commercial b u i l d i n g s  
t h a t  can support  advanced research on t he  phys ics o f  b u i l d i n g  energy 
use and energy conservat ion techniques. 

The t a r g e t  data base con ta ins  end-use energy consumption data, supple- 

mented w i t h  i n fo rma t i on  p e r t a i n i n g  t o  t he  c h a r a c t e r i s t i c s  o f  t h e  b u i l d i n g s  from 

which each data s e t  i s  c o l l  ected. These c h a r a c t e r i s t i c s  inc lude :  c o n s t r u c t i o n  

features,  occupancy and opera t ion  schedules, equipment e f f i c i e n c y ,  and weather 

data. Given t he  broad ca tegor ies  and c o n s t r u c t i o n  p r a c t i c e s  r e l a t e d  t o  commer- 

c i a l  bu i l d i ngs ,  a  subset o f  these b u i l d i n g s  has been i d e n t i f i e d  w i t h i n  t h e  

domain o f  t h i s  research p r o j e c t .  Th is  subset con ta ins  commercial b u i l d i n g s  

t h a t  gene ra l l y  represen t  " t y p i c a l "  design and cons t ruc t i on  p r a c t i c e s  o f  t he  

post-1973 O i l  Embargo era.  Bu i l d i ngs  designed t o  demonstrate e x o t i c  o r  innova- 

t i v e  design techniques, o r  t o  i nco rpo ra te  a c t i v e  and pass ive s o l a r  design tech- 

niques, a re  s p e c i f i c a l l y  excluded from t h i s  study. The purpose o f  t h i s  e f f o r t  

i s  t o  p rov ide  i n fo rma t i on  on t y p i c a l  "base-case" b u i l d i n g s  t h a t  can be con- 

t r a s t e d  w i t h  i n fo rma t i on  on these more advanced bu i l d i ngs .  The more advanced 

b u i l d i n g s  are gene ra l l y  t he  sub jec ts  o f  o t h e r  government-sponsored research 

p ro jec t s ,  such as the  DOE Passive Solar  Commercial Bu i l d i ngs  Program managed by 

Ron Lutha i n  D O E ' S  Chicago Operations O f f i c e .  Special case s tud ies  f o r  energy- 

e f f i c i e n t  b u i l d i n g s  a re  a l so  c u r r e n t l y  be ing  s tud ied  as p a r t  o f  the  B u i l d i n g  

Energy Compil a t i o n  & Analys i  s  (BECA) program a t  t he  Lawrence Berkel  ey 

Laboratory.  

End-use data i s  de f ined  as energy use data c o l l e c t e d  separa te ly  f o r  a  

minimum o f  1  i g h t i  ng, hea t ing  v e n t i l  at ion,and a i r  c o n d i t i o n i n g  (HVAC), water 

heat ing,  and o the r  processes. L i g h t i n g  energy inc ludes  t he  pr imary space 

l i g h t i n g  f i x t u r e s .  E x t e r i o r  l i g h t i n g  should be metered separate ly .  HVAC 

energy shoul d  be separated i n to  heat ing,  cool  i ng, and v e n t i  1  a t i o n  energy use 

ca tegor ies .  Water hea t ing  energy use r e f e r s  t o  domestic and process water 

heat ing.  Process energy i s  s i  t e - s p e c i f i c .  



Dur ing  t h e  course of t he  i nven to r y  a  number o f  mete r ing  e f f o r t s  were iden-  

t i f i e d  i n  which: 1) the  b u i l d i n g s  were s p e c i a l l y  cons t ruc ted  t o  i nco rpo ra te  

pass ive and a c t i v e  s o l a r  design fea tu res ,  2 )  t h e  t o t a l  ( o n l y )  energy use was 

metered on an hou r l y  o r  sub-hour ly bas is ,  and 3 )  se lec ted  end uses i n  b u i l d i n g s  

were metered. These cases do n o t  meet t h i s  p a r t i c u l a r  program's requirements,  

b u t  a re  re ferenced i n  t h e  data base. Bu i l d i ngs  t h a t  a re  cha rac te r i zed  as 

hav ing been s p e c i a l l y  cons t ruc ted  t o  demonstrate a c t i v e  o r  pass ive s o l a r  des ign 

fea tu res  a re  n o t  cons idered i n  t he  p r o j e c t  o b j e c t i v e s  s ince  they a re  a t y p i c a l  

o f  e x i s t i n g  b u i l d i n g  s tock and a re  s t ud ied  as elements o f  o t he r  DOE programs. 

Therefore,  they gene ra l l y  a re  n o t  documented i n  t h i s  r epo r t .  When re tu rned  

surveys i d e n t i f i e d  sources o f  t o t a l  b u i l d i n g  energy-use data, t h i s  i n f o r m a t i o n  

was recorded i n  the  data base. However, these sources o f  data a re  n o t  exten- 

s i v e l y  documented s ince  they do n o t  p rov ide  t h e  des i r ed  end-use reso l  u t i o n .  

1.2 ORGANIZATION OF REPORT 

Sec t ion  2 o f  t h e  r e p o r t  summarizes t h e  i nven to r y  o f  e x i s t i n g  sources o f  

end-use data, and assesses t he  adequacy o f  these sources t o  serve research 

needs. S p e c i f i c  conc lus ions regard ing  t h e  types o f  emp i r i ca l  data  c u r r e n t l y  

a v a i l  ab le  a re  discussed, f o l l  owed by an i d e n t i f i c a t i o n  o f  s i g n i f i c a n t  gaps i n  

t he  data. The sec t i on  concludes w i t h  recommendations on t he  a p p l i c a t i o n  o f  

resources t o  meet program goal s. 

Sect ion 3 descr ibes t he  procedures used t o  conduct t he  i nven to r y  o f  end- 

use data and summarizes t h e  r e s u l t s  o f  t he  survey. Th is  sec t i on  con ta ins  b r i e f  

summaries o f  past ,  cu r ren t ,  and planned end-use da ta  c o l l e c t i o n  a c t i v i t i e s .  

Sect ion 4 o u t l i n e s  t he  research issues t h a t  t he  da ta  a re  in tended t o  address 

and inc ludes  a  d e s c r i p t i o n  o f  t h e  s p e c i f i c  types o f  data sought. I n  a d d i t i o n  

t o  cont inuous measurements, these data i n c l u d e  one-time t e s t s  and b u i l d i n g  per-  
- 0 formance f ac to r s .  Both t h e  i d e n t i f i c a t i o n  o f  research needs and data r equ i r e -  

ments a re  based upon numerous d iscuss ions and meetings w i t h  p ro fess i ona l s  i n  

t he  p r i v a t e  and p u b l i c  sectors .  
e 

Sect ion 5 descr ibes t he  data base management systems f o r  t r a c k i n g  t he  

o rgan iza t ions  and i n d i v i d u a l  s  contacted, and f o r  tabu1 a t i n g  the  ques t ionna i re  

r e s u l t s .  A1 1  ques t ionna i re  responses were en te red  i n t o  t he  data base, even f o r  



data sources ou t s i de  t h e  scope o f  t he  p r o j e c t .  Th is  sec t i on  i s  designed t o  

a s s i s t  i n  p r o v i d i n g  access t o  the  f u l l  pub1 i c l y - a v a i l  ab le  data base. 

Sect ion 6 inc ludes  a d d i t i o n a l  i n f o rma t i on  on a  l i m i t e d  s e t  o f  t h e  end-use 

metered data p r o j e c t s  descr ibed i n  Sect ion 3. Th is  sec t i on  prov ides end-use 

p r o f i l e s  f o r  b u i l d i n g s  i n  t he  domain o f  PNL's meter ing  program. 

The r e p o r t  inc ludes  f o u r  appendices: 

0 Appendix A con ta ins  t h e  survey form and t h e  ma te r i a l  i nc l uded  w i t h  

the survey. 

e Appendix B con ta ins  a  1  i s t i n g  o f  t he  o rgan iza t ions  and i n d i v i d u a l s  

contacted d u r i  ng the. survey. 

o Appendix C con ta ins  a  l i s t i n g  o f  t he  announcements and advert isements 

used i n  con junc t ion  w i t h  the  metered data inven to ry .  

a Appendix D con ta ins  a  l i s t  o f  re ferences t o  e x i s t i n g  sources o f  end- 

use metered data. 



2.0 SUMMARY AND CONCLUSIONS 

P a c i f i c  Northwest Laboratory  conducted a  comprehensive i nven to ry  o f  end- 

use metered data dur ing  t l i e  f i r s t  h a l f  o f  FY84. The inven to ry  d i d  n o t  d iscover  

many sources o f  metered end-use data; however, research i n t o  e x i s t i n g  data 

bases and extens ive d iscuss ions w i t h  p ro fess iona l s  assoc ia ted w i t h  b u i l d i n g  

energy conservat ion have enabled a  c l e a r  c h a r a c t e r i z a t i o n  t o  be developed o f  

the  types o f  metered data t h a t  a re  requ i red  t o  f u r t h e r  energy conservat ion i n  

commercial bu i l d i ngs .  Based on t he  r e s u l t s  o f  t he  inven to ry  and t h i s  c l  a r i f i -  

c a t i o n  o f  data requirements, the  adequacy o f  e x i s t i n g  data bases has been 

assessed, and recommendations have been developed f o r  f u t u r e  federa l  data 

c o l l  e c t i o n  e f f o r t s .  

A summary o f  sources o f  e x i s t i n g  metered end-use data i s  prov ided i n  Sec- 

t i o n  2.1. The adequacy o f  t h i s  data f o r  research needs i s  summarized i n  Sec- 

t i o n  2.2. Conclusions and recommendations f o r  f u r t h e r  data c o l l e c t i o n  a c t i v -  

i t i e s  are summarized i n  Sect ion 2.3. 

2.1 SUMMARY OF SURVEY FINDINGS 

There a re  two major f i n d i n g s  o f  t he  survey: 1) t h a t  t he re  a re  few we1 1  - 
documented sources o f  metered end-use data a v a i l a b l e  i n  the p u b l i c  domain, and 

2) t h a t  a  we1 1-documented and w ide ly  a v a i l a b l e  metered end-use data base would 

be o f  value t o  many p ro fess iona l  s  i n  b u i l d i n g  design, pub1 i c  u t i l  i t y  manage- 

ment, and conservat ion research. 

The m a j o r i t y  o f  i n d i v i d u a l s  contacted through t he  survey professed a  

des i r e  f o r  emp i r i ca l  end-use metered data t h a t  i s  accurate and we l l  documented. 

Many o f  these i n d i v i d u a l s ,  however, a re  n o t  aware o f  many ( o r  even any) o f  the  

1  i m i  t e d  data sets  a1 ready a v a i l  able, o r  know how t o  ob ta i n  them. 

The survey revealed t h a t  t he re  a re  numerous data bases t h a t  con ta in  

q monthly summaries o f  t o t a l  b u i l  d ing  energy consumption by f u e l  type, toge ther  

w i t h  ( u s u a l l y )  b u i l d i n g  a u d i t  data. These data are va luab le  f o r  many uses, b u t  

they are c l e a r l y  inadequate f o r  o the r  essen t i a l  conservat ion a c t i v i t i e s  t h a t  

r e q u i r e  eval  ua t i ng  d e t a i l e d  t ime-ser ies re1 a t i onsh ips  between b u i l  d i ng  1  oads 



and energy consumption. The i nven to ry  p r o j e c t  was i n i t i a t e d  t o  focus upon 

sources o f  metered end-use data f o r  commercial b u i l d i n g s  w i t h  t y p i c a l  design 

p rac t i ces  ( i  .e., b u i l d i n g s  t h a t  were n o t  designed us ing  high-technology and/or 

so l  a r  systems). The se l  e c t i o n  c r i t e r i a  r e q u i r e  t h a t  consumption data be sepa- 

r a t e d  i n t o  minimum ca tegor ies  o f  HVAC, l i g h t i n g ,  water hea t ing ,  and process 

energy use, and be recorded on a t  l e a s t  an hou r l y  bas is .  An a d d i t i o n a l  

requirement es tab l  i shed a t  t he  survey 's  i n c e p t i o n  i s  t h a t  t he  b u i l d i n g s  metered 

must be t y p i c a l  b u i  1  d i  ngs o f  t he  post -o i  1  -embargo e ra  t h a t  reasonably represen t  

the  n a t i o n ' s  e x i s t i n g  b u i l d i n g  stock. The f i n a l  requirement i s  t h a t  t h e  data 

need t o  be i n  t he  p u b l i c  domain. It should be noted t h a t  a  number o f  research 

needs p e r t a i n i n g  t o  end-use metered data,  such as assessment o f  equipment 

e f f i c i e n c y ,  do n o t  r e q u i r e  data se ts  meet ing a l l  o f  the  above c r i t e r i a .  I n  

add i t i on ,  metered data from b u i l d i n g s  b u i l t  p r i o r  t o  1973 con ta in  data va luab le  

f o r  a  number o f  research a c t i v i t i e s .  

The i nven to ry  uncovered few data se ts  t h a t  meet t he  es tab l i shed  c r i -  

t e r i a .  Data se ts  t h a t  meet these c r i t e r i a  a re  l i s t e d  i n  Table 2.1 and a re  

organized by b u i l d i n g  type. Table 2.1 a l s o  con ta ins  i n fo rma t i on  about t h e  

types o f  suppor t ing data c o l l e c t e d  i n  con junc t i on  w i t h  the  energy data. I n  

some cases, i t  i s  n o t  known when a  b u i l d i n g  was b u i l t ;  a  b u i l d i n g  i s  l i s t e d  i n  

the  t a b l e  i f  i t  - may have been b u i l t  a f t e r  1973. 

The i nven to ry  uncovered data se ts  f o r  39 b u i l d i n g s :  8 l a r g e  o f f i c e  b u i l d -  

ings,  1 small o f f i c e  b u i l d i n g ,  11 res tauran ts ,  8 h o t e l s  and motels,  4 l a r g e  

grocery s tores,  2 r e t a i l  s to res ,  2 hosp i t a l s ,  and 3 mu1 t i f a m i l y  dwe l l i ngs .  The 

end-use data a v a i l a b l e  f o r  n i ne  b u i l d i n g s  metered by t he  C a l i f o r n i a  Energy 

Commission and s i x  b u i l d i n g s  metered by t h e  Hosp i ta l  i t y ,  Lodging and Travel  

Research Foundation, Inc .  do n o t  cover a  whole year .  

A very impor tan t  source o f  metered end-use data i s  an e f f o r t  c u r r e n t l y  

underway by t he  Bonnev i l l e  Power Admin i s t r a t i on  t o  conduct end-use meter ing  i n  

250 commerci a1 b u i l d i n g s  i n  the  P a c i f i c  Northwest Region; these b u i l d i n g s  have 

n o t  a l l  been metered y e t ,  and a re  n o t  inc luded  i n  the  above t ab le .  A b r i e f  

d e s c r i p t i o n  o f  the  p r o j e c t  i s  prov ided i n  Appendix E .  



TABLE 2.1. Metered Data P r o j e c t s  Meet ing P r o j e c t  C r i t e r i a  

Bui 1  d ing  Type P r o j e c t  Name 

Large O f f i c e  S e a t t l e  C i t y  L i g h t  
Park Plaza 
IBMIASHRAE 
Cal if. Energy Commission 

\ Ohio S ta te  Univ. 
Standard O i l  Co. 

Small O f f i ce  Sigma I V  

Restaurant NRA/Penn S ta te  
J o l l y  T i g e r  
S e a t t l e  City L i g h t  
Cal i f . Energy Commi s s i  on 

Hotel  American Hotel  /Motel 
Cal i f . Energy Commi s s i  on 

Large Grocery C a l i f .  Energy Commission 
S e a t t l e  City L i g h t  

R e t a i l  Store S e a t t l e  City L i g h t  

Mu1 t i -Fami  l y  S e a t t l e  C i t y  L i g h t  
Resi dence 

Hosp i ta l  s  Cal i f .  Energy Commission 

2.2 ASSESSMENT OF EXISTING DATA 

# o f  End- 
Bldg. Use -- 

2 * 
1 * 
1 * 
2 * 
1 * 
1 * 

Equip. Bldg. M i c ro  
E f f i c .  Char. C l  imate 

* 
* * * 
* * * 

* 
* * 

The i nven to r y  was conducted n o t  o n l y  t o  i d e n t i f y  e x i s t i n g  data,  b u t  a l s o  

t o  assess whether s u f f i c i e n t  data a l ready e x i s t  t o  meet the  research needs 

de f ined  by t h e  Department o f  Energy. A d e t a i l e d  d iscuss ion  o f  t he  uses o f  end- 

use emp i r i ca l  data and an ana l ys i s  o f  t he  s p e c i f i c  f i e 1  d  measurements necessary 

t o  suppor t  these needs a re  presented i n  Sec t ion  4.0. The f o l l o w i n g  assessment 
' c i s  based upon those uses and requirements.  

A d i s t i n c t i o n  among data uses r e q u i r i n g  a  l a rge ,  l e s s  d e t a i l e d  sample i s  

Q presented i n  Sect ion 4.0, where t he  data needs f o r  s i x  d i f f e r e n t  areas o f  

research a re  def ined.  These areas are: u t i  1  i ty p l  ann i  ng , b u i  1  d i ng  design, 



equipment design, energy management systems, p u b l i c  p o l i c y ,  and energy consump- 

t i o n  s imu la t ion .  The assessment o f  e x i s t i n g  data i s  based upon i t s  su i  t a b i l  i t y  

t o  serve research t o p i c s  r e q u i r i n g  1 arge numbers, " s t a t i s t i c a l  ly -based 

research ," and these r e q u i r i n g  small numbers, "operations-research-based data," 

o f  b u i l  dings. 

2.2.1 Assessment o f  S t a t i s t i c a l l y - B a s e d  Research Data 
8 

The e x i s t i n g  s e t  o f  metered b u i l d i n g  data i s  n o t  s u f f i c i e n t  t o  serve t h i s  

use o r  purpose. The group o f  b u i l d i n g s  i d e n t i f i e d  i n  Table 2.1 would n o t  serve ' 

as a s u i t a b l e  bas i s  f o r  a s t a t i s t i c a l  study due t o  t h e  small number o f  b u i l d -  

i ngs  i n  each category and the  l a c k  o f  a shared sampling methodology f o r  t h e i r  

se lec t ion .  One example o f  a s t a t i s t i c a l l y - b a s e d  study i s  t he  study be ing  

s t a r t e d  i n  t h e  Northwest sponsored by t he  Bonnev i l l e  Power Admin is t ra t ion .  

Other successful  assessments us ing  t h i s  t ype  o f  data may have a l ready  been 

completed by f r anch i se l cha in  s tores.  However, these data, i f  they e x i s t ,  do 

n o t  appear t o  be i n  t h e  p u b l i c  domain, and a re  n o t  a v a i l a b l e  t o  PNL. 

2.2.2 Assessment o f  Operat ions Research Based Data 

A number o f  uses f o r  metered end-use data r e l y  on a few b u i l d i n g s  w i t h  

d e t a i l e d  i ns t rumen ta t i on  and documentation. A d e t a i l e d  assessment o f  t h e  

q u a l i t y ,  as we l l  as t h e  documentation, s t i l l  must be completed f o r  some o f  t he  

data sets.  However, a number o f  t e n t a t i v e  conc lus ions have been made. The 

q u a l i t y  and q u a n t i t y  o f  metered data f o r  t h r e e  types o f  commercial b u i l d i n g s  

( res tauran ts ,  l a r g e  o f f i c e  bu i l d i ngs ,  and ho te l  s )  appear t o  be s u f f i c i e n t  f o r  

many o f  these types o f  research needs. A d e f i n i t i v e  assessment should be based 

on a d e t a i l e d  rev iew o f  each data s e t  by personnel conduct ing research and/or 

based on e.nergy a u d i t s  and r e t r o f i t s  f o r  these b u i l d i n g  ca tegor ies .  I n  

add i t i on ,  many o f  the  b u i l d i n g s  i n  these t h ree  ca tegor ies  a re  c u r r e n t l y  be ing  

metered. It i s  assumed t h a t  those meter ing e f f o r t s  w i l l  con t inue  as planned 

and t h a t  documentation w i l l  be inc luded.  



A b r i e f  review o f  t he  data a v a i l  ab l e  f o r  t h e  t h r e e  b u i l d i n g  types fo l lows .  

1) The e l  even res tauran ts  metered i n c l  ude e i g h t  res tauran ts  w i t h  

de ta i  1  ed end-use data co l  1  e c t i  on, suppor t ing  bu i  1  d i  ng data, and docu- 

mentation. While t h e  o ther  t h r e e  res tauran ts  i n v o l v e  l ess  d e t a i l e d  

data c o l l e c t i o n ,  they appear t o  con ta in  use fu l  data. 

2) The e i g h t  o f f i c e  b u i l d i n g s  i nc l ude  two b u i l d i n g s  w i t h  d e t a i l e d  data 

c o l l e c t i o n .  While data summaries f o r  one o f  t h e  b u i l d i n g s  are pub- 

l i c l y  ava i l ab l e ,  t h e  unprocessed data may not  be ava i lab le .  The 

o ther  f i v e  b u i l d i n g s  con ta i n  l ess  d e t a i l e d  data c o l l e c t i o n  and i n  

some cases, data c o l l e c t e d  on l y  over a  shor t  t ime  per iod.  

3) The s u f f i c i e n c y  o f  t h e  data on ho te l s  and mote ls  i s  t he  most uncer- 

t a i n  o f  t h e  t h r e e  b u i l d i n g  types. While s i x  o f  t he  ho te l s  are w e l l -  

documented and i nvol ved co l  1 e c t i  on o f  data i n  a d d i t i o n  t o  energy 

consumption, t he  data was c o l l e c t e d  over l i m i t e d  per iods i n  t h e  heat-  

i n g  and cool  i n g  seasons. The o ther  two b u i l d i n g s  are not  as we1 1  

documented. 

There i s ,  o f  course, a  great  d i f f e r e n c e  among t h e  c o n f i g u r a t i o n  and opera- 

t i o n s  o f  var ious ho te l ,  o f f i c e  and res tauran t  categor ies ,  and i t  i s  l i k e l y  t h a t  

t h e  'data are adequate f o r  analyses o f  some o f  these categor ies ,  bu t  no t  a1 1. 

CONCLUSIONS 

C o l l e c t i o n  o f  end-use metered data i s  both des i r ab le  and va luable  f o r  many 

areas o f  bu i  1  d ing  energy conservat ion research. Empi r i c a l  data are needed t o  

address many issues which t o  date have been addressed us ing on ly  s imu la t i on  

techniques. The adequacy o f  us ing s imu la t i on  techniques f o r  var ious purposes 

needs t o  be assessed through comparison w i t h  measured data. While these data 
C are  expensive t o  acquire,  i t i s  c o s t - e f f e c t i v e  t o  do so i n  the  long  run, and 

t h e  need i s  not  be ing served by t h e  p r i v a t e  market. 

The preceding conc lus ion i s  based on r e s u l t s  from t h e  i nven to r y  of e x i s t -  

i n g  data, which h i g h l i g h t s  two impor tant  fac ts .  F i r s t ,  a l though t h e  data a re  

wide ly  des i red  i n  t he  p r i v a t e  sector ,  they are no t  wide ly  ava i l ab l e .  Second, 

where s u i t a b l e  data are pub1 i c l y  a v a i l a b l e  and con ta in  t h e  des i red  suppor t ing  



i n f o rma t i on  (such as mic roc l imate  and b u i l d i n g  cons t ruc t i on  and ope ra t i on  I 
i n f o rma t i on  p rov ided  i n  the  form o f  usable documentation) t h e i r  c o l l e c t i o n  has 

general 1  y  been funded by government-sponsored research. 

Based on the  research conducted f o r  t h i s  repor t ,  PNL recommends t h r e e  1 
op t ions  f o r  f u r t h e r  c o l l e c t i o n  o f  end-use metered data. The op t i ons  a re  n o t  1 
mu tua l l y  exc lus ive ,  and i d e a l l y ,  a l l  t h ree  would be pursued. The t h i r d  o p t i o n  @. 1 
i s  g iven t he  lowes t  p r i o r i t y ,  however, s ince  i t  would probably  be t he  most 

c o s t l y  and serve fewer o f  t he  research areas de f ined  i n  t h i s  r e p o r t  than t he  
." 

f i r s t  two op t ions .  I 

Opt ion 1: Conduct d e t a i l e d  end-use meter ing  and data c o l l e c t i o n  f o r  

a  small sample o f  b u i l d i n g s  i n  ca tegor ies  o the r  than res tauran ts ,  

l a r g e  o f f i c e  b u i l d i n g s ,  and hote ls /mote ls .  The data c o l l e c t i o n  

should i nc l ude  energy by end-use and b u i l d i n g  thermal zone, micro-  

c l  imate data, b u i l  d ing  cons t ruc t i on  data, b u i l d i n g  opera t ions  data,  

and equipment e f f i c i e n c y  data. S p e c i f i c  measurement requirements 

a re  l i s t e d  i n  Sect ion 4.2. 

Opt ion 2: Review the  i d e n t i f i e d  end-use data f o r  b u i l d i n g s  i n  t he  

res tauran t ,  l a r g e  o f f i c e ,  and ho te l /mote l  categor ies.  The rev iew 

should i nc l ude  a d e t a i l e d  assessment o f  t h e  q u a l i t y  o f  these data 

se ts  and determine the  c o s t  o f  acqu i r i ng  and analyz ing the e x i s t i n g  

data. Acquired data should be reviewed, eva luated f u r t h e r ,  and be 

made a v a i l a b l e  through a common d i s t r i b u t i o n  system. 

Option 3: C o l l e c t  b u i l d i n g  end-use data f o r  a  l a r g e  sample o f  

bu i l d i ngs .  The b u i l d i n g  s e l e c t i o n  should be based on a s t a t i s t i c a l  

sampling designed t o  cha rac te r i ze  end-use energy consumption i n  a  

s i n g l e  category o f  commercial b u i l  dings. 

I n  add i t i on ,  PNL recommends t h a t  DOE e s t a b l i s h  a government-sponsored data base 

o f  end-use metered data. The data should be reviewed and processed so i t  i s  

p u b l i c l y  a v a i l a b l e  i n  an eas i ly -used and comparable format. 



3.0 INVENTORY OF DATA BASES 

The f o l l o w i n g  end-use d a t a  i n v e n t o r y  i s  based upon a  comprehensive search.  

Contac ts  were made w i t h  ove r  200 o r g a n i z a t i o n s ,  groups, and i n d i v i d u a l s  i den -  

t i f i e d  as b e i n g  l i k e l y  t o  know o f  m e t e r i n g  a c t i v i t i e s .  I n  a d d i t i o n ,  a  l i t e r a -  

t u r e  r e v i e w  th rough  computer ized l i b r a r y  c a t a l o g s  was conducted and a d v e r t i s e -  * 
ments and n o t i c e s  p laced  i n  t r a d e  and p r o f e s s i o n a l  magazines. Approximate1.y 

h a l f  o f  t h e  c o n t a c t s  were made th rough  a  survey fo rm d i s t r i b u t e d  by m a i l .  The 

r e s t  o f  t h e  responses were c o l l e c t e d  th rough  te lephone i n q u i r y .  Whi le  an 

e f f o r t  was made t o  c o n t a c t  t h e  " c o r r e c t "  i n d i v i d u a l  i n  a  p a r t i c u l a r  o rgan iza -  

t i o n ,  t h e r e  i s  a lways t h e  chance t h a t  t h e  i n d i v i d u a l  c o n t a c t e d  d i d  n o t  know o f  

a l l  ( o r  any) o f  t h e  m e t e r i n g  a c t i v i t i e s  o c c u r r i n g  w i t h i n  h i s / h e r  o r g a n i z a t i o n .  

3.1 SURVEY METHODOLOGY 

The survey was designed t o  i d e n t i f y  e x i s t i n g  da ta  s e t s  and ongo ing end-use 

m e t e r i  ng s t u d i e s .  The i n i  ti a1 assumption was t h a t ,  s i n c e  t h e r e  p robab ly  were 

n o t  many sources, t h e  b e s t  s t r a t e g y  wou ld  be t o  des ign a  s imp le  q u e s t i o n n a i r e  

and use f o l l o w - u p  c o n t a c t s  t o  c o l l e c t  a d d i t i o n a l  i n f o r m a t i o n  about  end-use 

m e t e r i n g  p r o j e c t s  i d e n t i f i e d  by t h e  i n i t i a l  survey.  

The q u e s t i o n n a i r e  was composed o f  t h r e e  s e c t i o n s .  The f i r s t  s e c t i o n  i den -  

t i f i e d  t h e  name and address o f  t h e  i n d i v i d u a l  comp le t i ng  t h e  survey.  The 

second s e c t i o n  so l  i c i  t e d  i n f o r m a t i o n  about  t h e  responden t ' s  i n t e r e s t  i n  metered 

end- l~se data  f o r  commercial b u i l d i n g s .  The t h i r d  s e c t i o n  asked f o r  i n f o r m a t i o n  

about  m e t e r i n g  p r o j e c t s  w i t h  which t h e  respondent  was f a m i l i a r .  The in fo rma-  

t i o n  c o l l e c t e d  i n c l u d e d :  l )  a  p r o j e c t  c o n t a c t ,  2 )  t h e  l o c a t i o n  and t y p e  o f  

b u i l d i n g (  s )  , 3) t h e  t y p e  o f  da ta  c o l l  ec ted,  4 )  t h e  m e t e r i n g  techn ique  used t o  

c o l l e c t  t h e  data ,  5 )  t h e  t i m e  r e s o l u t i o n  o f  t h e  metered data ,  and 6 )  whether 

. c t h e  data  a r e  i n  t h e  p u b l i c  domain. 

A copy o f  t h e  q u e s t i o n n a i r e  i s  p r o v i d e d  i n  Appendix A.  The survey was 

m a i l e d  w i t h  a  cover  l e t t e r  d e s c r i b i n g  t h e  purpose o f  t h e  survey and t h e  scope 
0 

o f  t h e  m e t e r i n g  program. I n  a d d i t i o n ,  a  stamped and addressed r e t u r n  envelope 

was inc luded .  The r e t u r n  r a t e  on t h e  survey was approx ima te l y  25%. 



The survey was i n i t i a t e d  by te lephone i n  many cases t o  ensure t h a t  t h e  

survey i n c l  uded t he  most promi s i  ng o rgan i za t i ons  and i n d i v i d u a l  s. The t e l  e- 

phone i n t e r v i e w s  were conducted by James H e i d e l l ,  Research Engineer, a t  PNL. 

Notes from a l l  conversat ions were logged. The telephone-administered i n t e r v i e w  

a l lowed a  more comprehensive d iscuss ion  o f  mete r ing  p r o j e c t s  and con tac t s  than 

cou ld  be achieved by ma i l .  

The i n d i v i d u a l  s  contacted f e l l  i n t o  f i v e  broad a f f i l  i a t i o n  ca tegor ies :  

government, n a t i o n a l  1  abora to ry  , t r a d e  and p ro fess i ona l  o rgan iza t ion ,  u t i  1  i t y  , 
and p r i v a t e  company. The names o f  t h e  o rgan i za t i ons  and persons con tac ted  a re  

p rov ided  as Appendix B. I n  a d d i t i o n  t o  t he  con tac ts  l i s t e d  i n  Appendix By  t h e  

one-page ques t i onna i r e  was ma i l ed  t o  each o f  t h e  50 s t a t e  energy o f f i c e s .  

SUFIMARY DESCRIPTION OF EXISTING DATA SETS 

I n  a d d i t i o n  t o  t h e  m a i l  and telephone con tac ts ,  several  o t h e r  p o t e n t i a l  

sources o f  i n f o r m a t i o n  were explored. A l i t e r a t u r e  rev iew was conducted i n t o  a  

number o f  computer ized i nd i ces .  D e t a i l e d  d iscuss ions  were h e l d  w i t h  research- 

e r s  a t  o t he r  DOE sponsored Nat iona l  Labo ra to r i es  and w i t h  t h e  Gas Research 

I n s t i t u t e ,  t h e  American Gas,Assoc ia t ion,  and t he  E l e c t r i c  Power Research I n s t i -  

t u t e .  The r e s u l t s  from these con tac t s  as w e l l  as from o the r  major  sources o f  

i n f o rma t i on  a re  b r i e f l y  descr ibed below. 

Prev ious i n v e n t o r i e s  o f  sources o f  metered data have n o t  been l i m i t e d  t o  

end-use da ta  f o r  commercial b u i l d i n g s ,  and t y p i c a l l y  have had a  broader focus 

and ob jec t i ves .  Three p rev ious  i n v e n t o r i e s  a re  discussed below and a re  l i s t e d  

i n  t he  b i b l i o g r a p h y  i n  Appendix D. These i n v e n t o r i e s  represen t  s i g n i f i c a n t  

e f f o r t s  t o  summarize sources o f  data use fu l  f o r  l o a d  f o r e c a s t i n g  and f o r  char-  

a c t e r i  z i  ng t o t a l  energy use i n  commercial b u i  1  dings. 

3.2.1 Ex i  s t i  ng Surveys 

One i nven to r y  completed by XENERGY, Incorporated,  i n  1981, A D e s c r i p t i o n  

o f  B u i l d i n g  Energy Use Data ~ a s e s , ( l )  was prepared under c o n t r a c t  t o  t h e  

Na t iona l  I n s t i t u t e  of B u i l d i n g  Sciences. Th i s  r e p o r t  was funded as p a r t  o f  a  

response t o  the  B u i l  d i n g  Energy performance Standards ( BEPS) 1  eg i  s l  a t i o n  t o  

he lp  determine t h e  e x t e n t  t o  which e x i s t i n g  b u i l d i n g s  meet t h e  des ign energy 



budget levels mandated by the regulations. The purpose of the report was t o  

inventory sources of metered energy consumption data. The inventory includes 

sources of total energy consumption, data bases contai ni ng buil ding energy 

audit information, and data bases containing energy consumpti on by fuel type 

and building characteristics information. The majority of the sources l i s ted  

'4 
in the inventory are s ta te  energy offices and federal agencies. The inventory 

also includes references t o  data collected by u t i l i t y  trade organizations and a 

limited number of architectural and engineering firms. 
i) 

Since the objective of the XEMERGY survey was n o t  to  identify sources of 

end-use energy consumption, end-use sources were not highlighted. However, the 

few end-use sources that were documented and investigated are included in 

Section 3 . 3 .  

Review of the X E N E R G Y  compilation suggested that there are numerous 

sources of end-use data on schools and hospitals collected by s tate  energy 

offices. These sources were l i s ted  in the preliminary inventory mailed with 

the questionnaire in PNL'  s survey. Subsequent investigation, however, revealed 

that  these "data" were developed through professional judgment and are based 

neither on metering nor computer simulation. A1 t h o u g h  all  the energy offices 

were n o t  contacted, i t  appears that the data were collected as one element of 

DOE's Institutional Buildings Grants Program. 

DOE's Institutional Bui 1 dings Grants Program provides funded professional 

engineers to audit schools and hospitals and perform simple operation and 

maintenance type ac t iv i t ies  to reduce energy consumption. The engineer used 

uti l  i ty  bil l  s and the audit t o  complete a form which includes an estimate of 

end-use energy consumption before and af te r  implementation of  the simple con- 

servation measures. Institutions audited could apply for additional funds t o  

complete energy conservation measures (ECMs) t o  further reduce energy consump- 
tion. The audit and fuel bil l  data were coll ected in a national computer 

network maintained by Oak Ridge National Laboratory. Reports documenting th is  

project are l is ted in the appendix.(2) Currently, there i s  no funding t o  

support the data base and potential users. The l a t e s t  data are currently three 
years 01 d .  



A second i nven to r y ,  An Annotated Compi la t ion o f  The Sources o f  I n f o rma t i on  

Re1 a ted  t o  Usage o f  E l e c t r i c i t y  i n  Non- Indus t r ia l  Appl i c a t i o n s ,  was completed 

by t he  Nat iona l  Bureau o f  Standards i n  1978. Th i s  r e p o r t  was compi led f o r  t h e  

Department o f  Housing and Urban Development and con ta i ns  hundreds o f  a b s t r a c t s  

o f  documents re1  a ted  t o  e l e c t r i c i t y  use and l o a d  research. The r e p o r t  i n c l udes  

data re fe rences  f o r  bo th  r e s i  d e n t i  a1 and commerci a1 b u i  1  dings. A l arge number ~r 

o f  p r o j e c t s  a re  documented i n  which t o t a l  energy use and demand were recorded 

on a  sub-hour ly bas is ,  b u t  t he re  were no cases i n  which a l l  end uses were 

metered concu r ren t l y  i n  a  commercial b u i l d i n g .  The r e p o r t  i d e n t i f i e s  p r o j e c t s  
4 

where se lec ted  end-uses were metered. The l a t t e r  group o f  p r o j e c t s  a re  inven- 

t o r i e d  i n  Sec t ion  3.3. 

The t h i r d  i n v e n t o r y  Load Data Pool F e a s i b i l i t y  was sponsored by t h e  

E l e c t r i c  Power Research I n s t i t u t e  ( EPRI) one o f  the  p r i n c i p a l  research 

o rgan i za t i ons  f o r  e l e c t r i c  u t i l i t i e s . ( 4 )  EPRI i s  p r e s e n t l y  sponsor ing a  

research e f f o r t  t o  i nven to r y  u t i l i t y  data t h a t  can be used f o r  l o a d  f o r e c a s t i n g  

research. Synergic Resources Co rpo ra t i on ' s  (SRC) o f f i c e  i n  S e a t t l e ,  WAY i s  

conducted t h i s  research p r o j e c t .  A meet ing w i t h  C ra i g  McDonald o f  Synergic 

Resources Corpora t ion  was h e l d  t o  determine which u t i l i t i e s  i n  t h e  U.S. had 

da ta  bases o f  end-use metered data.  The data commonly used i n  con junc t i on  w i t h  

l o a d  f o r e c a s t i n g  d i f f e r s  from t h e  data t h e i r  p r o j e c t  r e q u i r e s  s i nce  end-use 

energy consumption data a re  t y p i c a l l y  n o t  c o l l  ected, nor  a re  o t h e r  des i  r a b l  e  

data,  i n c l u d i n g  b u i l d i n g  operat ions,  occupancy, and m ic roc l ima te  data.  I n  

add i t i on ,  a  l a r g e  sample o f  b u i l d i n g s  w i t h i n  a  se r v i ce  area i s  u s u a l l y  r e q u i r e d  

by u t i l  i t i e s  i n  o rde r  t o  e x t r a p o l a t e  t o  t h e  whole r a t e  base. EPRI's ex tens i ve  

survey d i d  n o t  uncover any end-use metered data p r o j e c t s .  However, i t  i s  

poss ib l e  t h a t  u t i l i t i e s  t h a t  SRC contacted about t h e  l o a d  f o r e c a s t i n g  da ta  may 

n o t  have mentioned i n d i v i d u a l  p r o j e c t s  r e1  a t i  ng t o  ex tens ive  mon i to r ing ,  o r  

were n o t  aware of mete r ing  e f f o r t s  conducted by o the r  departments w i t h i n  t h e i r  

o rgan iza t ion .  

3.2.2 New Survevs 

A r c h i t e c t u r a l  Energy Corpora t ion  ( AEC) o f  Westminster Co. under c o n t r a c t  

t o  PNL, conducted a  small te lephone survey t o  i d e n t i f y  e x i s t i n g  sources o f  

metered data. The p r i n c i p a l  s  a t  AEC, Michael Hol t z  and Donald Frey,  have had 



extensive experience with end-use metering programs, primarily in passive and 

active solar buildings. Their survey included over 30 contacts and resulted in 

the discovery of (mainly) a number of passive solar monitoring effor ts .  While 

solar-related projects are n o t  in the domain of the buildings being studied a t  

PNL, the information i s  useful in coordinating the data collection with related 

a data bases. These projects are included in the table in Section 3.3. 

The objectives and the types of data desired for the PNL's end-use energy 

data base were discussed with individuals in other National Laboratories - 3 
i nvol ved in re1 ated research. These 1 aboratories incl ude the Sol ar Energy 

Research Insti tute (SERI ) , Lawrence Berkeley Laboratory ( L B L )  , Oak Ridge 

National Laboratory ( O R N L )  , Argonne National Laboratory ( A N L )  , Brookhaven 

National Laboratory ( B N L )  , Los A1 amos Scientific Laboratory ( L A S L )  , and Rock- 

we1 1 International /Energy Techno1 ogy Engineering Center ( E T E C )  . LASL and SERI 

have b o t h  been involved with solar related metering effor ts  for commercial 

buildings. Lawrence Berkeley Laboratory maintains a building energy-use data 

base called Building Energy Compilation and Analysis ( B E C A ) .  One element of 

the data base contains data specific to  commercial buil dings ( B E C A C )  . 
Argonne National Laboratory has collected HVAC energy-use data for a spe- 

ci a1 cl ass of commerci a1 bui 1 dings: bui 1 dings with col d-storage systems. A 

second effor t  involved collecting performance data on boilers in commercial 

buildings. Other energy end use data were n o t  collected concurrently in either 

project. Oak Ridge National Laboratory and Argonne are currently working on a 

program called Commercial and Small Apartment Conservation Service ( C A C S ) .  

Commerci a1 bui 1 di ngs analyzed in thi s program are typical ly 1 ess than 3000 

square feet  and use 1 ess than 48,000 kW of  e lectr ic i ty  per year. Over 390 
buildings have been studied t o  date. Data collected include u t i l i t y  bil l ing 

information and information from building audits; end-use data has n o t  been 

col 1 ected. Computer simul a t i  ons ( using the model D O E - 2 )  have been conducted 

for prototype buildings to assess the benefits of r e t ro f i t  measures. Although 
a i r  inf i l t ra t ion  studies are currently planned, there are no plans for end-use 

energy metering. 



The Bu i l d i ngs  Energy Compil a t i o n  Ana lys is  (BECA) data base con ta ins  da ta  

used t o  cha rac te r i ze  the  r e s u l t s  o f  energy savings from energy conserv ing r e t -  

r o f i  t measures and new b u i  1  d ing  design features.  Bui 1  d i n g  i n f o r m a t i o n  i n  t h i s  

data base inc ludes :  the  s i z e  o f  the  b u i l d i n g ;  desc r i p t i ons  o f  the  HVAC sys- 

tems, b u i l d i n g  s h e l l ,  and l i g h t i n g  systems; and a  1  i s t i n g  o f  energy conser- 

v a t i o n  fea tu res  and est imated energy savings from these fea tu res .  BECA a l s o  

inc ludes  est imates o f  end-use energy consumption based upon s imu la t ions .  

Actual energy use data a re  inc luded  i n  t he  data base, based upon u t i l  i t y  b i l l  - 
i n g  records i n  most cases. End-use metered data i s  a l so  sought. However, 

according t o  J e f f  H a r r i s  a t  LBL, t he re  a re  c u r r e n t l y  no emp i r i ca l  end-use data 

f o r  commercial b u i l d i n g s  i n  the  data base disaggregated below a  monthly bas is .  

The BECA data base i s  n o t  in tended t o  i n c l  ude data on " t y p i c a l  b u i l  dings." The 

da ta  base i s  focused i ns tead  upon data on e n e r g y - e f f i c i e n t  b u i l d i n g s  and 

b u i l d i n g s  i n  which energy conservat ion r e t r o f i t s  have been i n s t i t u t e d .  The Gas 

Research I n s t i t u t e  i s  c u r r e n t l y  conduct ing 1  i m i  t e d  energy mon i t o r i ng  t o  de te r -  

mine t he  market p o t e n t i a l  f o r  f u e l  c e l l  s. The p r o j e c t  inc ludes  meter ing  

1  i m i t e d  loads, u s u a l l y  HVAC, a t  80 meter ing  s i t e s .  

Another l a r g e  data base o f  end-use metered data i s  c u r r e n t l y  be ing  

developed by S i e r r a  Power Company i n  Reno, Nevada. The u t i l i t y  has s t a r t e d  an 

extens ive meter ing  program i n  o rder  t o  s a t i s f y  resource p lann ing  requirements.  

The purpose o f  t he  study i s  t o  develop end-use energy p r o f i l e s  o f  e l e c t r i c  

energy consumption f o r  i n p u t  i n t o  t h e i r  1  oad fo recas t ing  model s. The meter ing  

p l an  c a l l  s f o r  i n s t a l  l a t i o n  o f  mete r ing  equipment a t  430 l o c a t i o n s  i n  t h e  

pe r i od  o f  1984 through t he  f i r s t  qua r te r  o f  1986. The program i nvo l ves  meter-  

i ng o f  r e s i d e n t i a l  , commercial , and i n d u s t r i a l  f a c i l  i t i e s .  A subset o f  t h e  

b u i l d i n g s  w i l l  be incorpora ted  i n  a  program t o  t e s t  the  e f f ec t i veness  o f  con- 

se rva t i on  measures. A breakdown o f  t h e  b u i l d i n g s  t o  be metered a r e  shown below 

i n  Tab1 e  3.1. Bu i l d i ngs  metered i n  Phase I and I 1  i nvo l ved  data c o l l  e c t i o n  f o r  

t he  b u i l d i n g  as i s .  Phase I 1 1  r e f e r s  t o  b u i l d i n g s  where conserva t ion  measures 

w i l l  be tested.  

The s i t e s ,  se lec ted  through a  survey, a re  designed t o  represen t  t h e  

b u i l d i n g  stock. The b u i l d i n g  meter ing p lans are n o t  necessa r i l y  designed t o  

c o l l e c t  a l l  sources o f  energy use i n  t h e  b u i l d i n g s .  Bu i l d i ngs  i n  Phase I and 



TABLE 3.1. Breakdown of Metering Sites for Sierra Pacific Study 

Number of Buildings 
Bui 1 ding Type Phases I and I1 Phase I11 

Sing1 e-family residential 

Mu1 ti-family residential 

Commerci a1 

Offices 

Food stores 

Casinos 

Agri cul ture 

Retail stores 

Manufacturing 

11 will involve collection of e lectr ic  energy consumption only. I n  Phase I11 

the resi denti a1 program i nvol ves conversion of el ectr ic  space heati ng t o  gas. 

If an electr ic  t o  gas conversion i s  made, the gas used by the converted 

appliance will be measured. Other uses of gas in the structure will n o t  be 

metered. A l i s t  of end-uses metered are shown in Table 3.1. The data will be 

collected and stored on a fifteen minute basis using a variety of metering 

equipment. Meteorological data will be obtained from NOAA weather stations 

plus measurements of wind speed and external temperature a t  a limited number of 

metering s i tes .  The metering equipment used, including data loggers and power 

l ine carriers,  will depend on the circui ts  being metered. 

3.2.3 Literature Survey 

A l i t e ra ture  search for energy end-use data bases was conducted. The data 
bases for 1 i terature and news1 e t t e r s  i ncl uded: Directory of On1 i ne Information 

Resources, Directory of Computerized Data Fi 1 es, "Federal S ta t i s t ics  Users' 

- Conference", U .S. DOE Energy Database, "FEDEX" an Energy Information Admi ni s- 

tration database, U.S. Forecasts, Trade and Industry Index, National Technical 

Information Service (NTIS) , and Energy Research in Progress. The 1 i terature 
., search did n o t  provide many new leads. One problem i s  that projects referred 

t o  as "including end-use data" often can mean many different things. "End-use" 

i s  often used to describe energy use data separated by fuel type. Since the 



c o s t  o f  mete r ing  tends t o  be r e l a t i v e l y  h igh,  t h e  da ta  a re  u s u a l l y  based on 

e i t h e r  an engineering-based simul a t i o n  model , o r  some combinat ion o f  s t a t i  s- 

t i c a l  ex t rapo l  a t i o n s  and s imu la t i ons  t o  y i e l d  t y p i c a l  end-use consumption f o r  a  

c l  ass o f  bu i  1  dings. 

3.2.4 Journa l  No t i ces  

I n  o rder  t o  reach many o f  t h e  a r c h i t e c t u r a l  and eng ineer ing  f i r m s  and HVAC 

equipment manufacturers  who migh t  have conducted mete r ing  e f f o r t s ,  requests  t o  

pub1 i sh n o t i c e s  i n  several  t r a d e  j o u r n a l  s  were made. The n o t i c e s  exp la ined  t h e  

e f f o r t  t o  i nven to r y  sources o f  metered da ta  and requested t h a t  i n d i v i d u a l s  who 

have metered da ta  t h a t  they a re  w i l l i n g  t o  share, o r  those i n t e r e s t e d  i n  

o b t a i n i n g  such data t o  c o n t a c t  PNL. The f o l l o w i n g  magazines and news le t t e r s  

were contacted and requested t o  p u b l i s h  t h e  no t i ce :  A i r  Cond i t i on ing ,  Heat ing,  

and R e f r i g e r a t i o n  News, Progress ive A rch i t ec tu re ,  ASHRAE News, E l e c t r i c a l  

World, and SERA B r i e f s .  Pa id  advert isements were p laced i n  t h e  f o l l  owing 

j o u r n a l s  and papers: ASHRAE Journa l ,  Pub1 i c  U t i l i t i e s  F o r t n i g h t l y ,  B u i l d i n g  

Design and Const ruct ion,  and Energy Users News. Copies o f  t h e  adver t isements  

and n o t i c e s  a re  i nc l uded  i n  Appendix C. 

3.3 SURVEY RESULTS 

A summary o f  end-use metered data se t s  i d e n t i f i e d  from t h e  i n v e n t o r y  i s  

prov ided i n  Tables 3.2, 3.3, and 3.4. Th i s  survey i s  an ongoing e f f o r t  and 

w i l l  be updated p e r i o d i c a l l y  du r i ng  t h e  course o f  PNL's Commercial B u i l d i n g s  

Program. 

Few o f  t h e  da ta  se ts  i d e n t i f i e d  i n  t h e  t a b l e  and descr ibed below c o n t a i n  

a l l  t he  a t t r i b u t e s  des i r ed  f o r  a  comprehensive mete r ing  p r o j e c t .  Each da ta  s e t  

i s  unique i n  terms o f  t h e  metered end-uses, t h e  degree o f  aggregat ion,  and t h e  

amount o f  suppor t ing  documentation. The d i v e r s i t y  i n  t he  a t t r i b u t e s  o f  t h e  

data se ts  i s  as broad as t h e  reasons f o r  i n s t i t u t i n g  such s tud ies .  The pur-  
poses f o r  t he  s t ud ies  range from demonstrat ing elements o f  pass ive s o l a r  des ign 

t o  t e s t i n g  s t r a t e g i e s  f o r  reduc ing energy consumption assoc ia ted  w i t h  a  spe- 

c i f i c  p iece  o f  equipment o r  end-use. 



The f o l l o w i n g  terms a r e  o f t e n  used i n  c h a r a c t e r i z a t i o n s  o f  t h e  d a t a  on 

metered b u i l d i n g s :  end-use, b u i l d i n g  c h a r a c t e r i s t i c s  data,  b u i l d i n g  occupancy 

data ,  b u i l d i n g  o p e r a t i o n s  data ,  m i c r o c l i m a t e  data ,  and equipment performance 

data.  B r i e f  d e f i n i t i o n s  a r e  p r o v i d e d  be1 ow and more d e t a i l e d  exp l  a n a t i o n s  a r e  

g i v e n  i n  Sec t ion  4.2 o f  t h i s  r e p o r t .  

o B u i l d i n g  c h a r a c t e r i s t i c s  d a t a  i n c l u d e  d e t a i l s  about  t h e  b u i l d i n g ' s  

design,  c o n s t r u c t i o n ,  and HVAC systems. T h i s  t y p e  o f  data  i n c l u d e s  

i n f o r m a t i o n  g e n e r a l l y  c o l  1  e c t e d  d u r i n g  d e t a i l e d  b u i l d i n g  energy 

audi  t s .  

o B u i l  d i n g  occupancy da ta  i n c l  ude some t y p e  o f  r e c o r d s  r e g a r d i n g  t h e  

number o f  occupants and a c t i v i t y  1  eve1 s  i n  t h e  b u i l d i n g  by day and 

t ime-of-day d u r i n g  t h e  metered p e r i o d .  

o B u i l d i n g  o p e r a t i o n  data  i n c l u d e -  reco rds  about  t h e  day-to-day opera- 

t i o n  o f  t h e  b u i l  d ing.  T h i s  i n c l u d e s  i n f o r m a t i o n  about  o p e r a t i o n  

schedules f o r  t h e  HVAC equipment, b u i l d i n g  c l e a n i n g  schedules, and 

window and door openings. 

Q M i c r o c l i m a t e  da ta  i n c l u d e  i n f o r m a t i o n  on i n s i d e  and o u t s i d e  a i r  tem- 

pe ra tu res ,  humid i t y ,  w ind speed, wind d i r e c t i o n ,  and so l  a r  r a d i a t i o n .  

o Equipment performance data  i n c l u d e  measurements o f  t h e  i n p u t  and o u t -  

p u t  energy f rom HVAC equipment. 

I f  a  data  s e t  i s  re fe renced  as hav ing  one o f  these data  types,  i t  does n o t  

ensure t h a t  a l l  t h e  measured parameters f a l l i n g  w i t h i n  t h a t  data  t y p e  have been 

c o l l e c t e d .  A  d e t a i l e d  assessment o f  each p r o j e c t  may be conducted as phase I 1 1  

o f  t h e  metered data  i nventory  p r o j e c t .  

Tab le  3.2, D e s c r i p t i o n  o f  Me te r ing  P r o j e c t s ,  i s  a  l i s t  o f  m e t e r i n g  p r o j -  

e c t s  uncovered i n  PNL' s  survey. The 1  i s t  i n c l  udes t h e  p r o j e c t ' s  name, t h e  t y p e  - * 
o f  b u i l d i n g s  metered, and t h e  l o c a t i o n  o f  t h e  p r o j e c t .  Tables 3.3 and 3.4 p ro -  

v i d e  a d d i t i o n a l  i n f o r m a t i o n  on t h e  p r o j e c t s  1  i s t e d  i n  Tab le  3.2. Tab le  3.3 

* desc r ibes  p r o j e c t s  which i n v o l v e  end-use mete r ing ,  and Tab le  3.4 r e f e r s  t o  

t o t a l  energy-use m e t e r i n g  p r o j e c t s  i d e n t i f i e d  through PNL' s  survey. T o t a l  

energy consumption m e t e r i n g  t y p i c a l l y  has energy consumption separated by f u e l  

use. Tables 3.3 and 3.4 summarize f o u r  a t t r i b u t e s  o f  each p r o j e c t :  t h e  t y p e  



Table 3.2. D e s c r i p t i o n  o f  Meter ing P ro j ec t s  

Ref. 

1 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
16 
16 
24 
26 
4 3 
54 
55 
65 
67 
7 1 
73 
78 
79 
80 
81 
82 
84 
92 

104 
106 
107 
109 
110 
112 
113 
114 
115 
116 
117 
118 
163 
170 
171 
172 
176 
182 
186 
187 
192 
1 94 
198 
1 99 
203 

P ro jec t  Name 

Georgia Power Conpany 
Tlshman Research 
Ashrae Research P ro jec t  
Dal las/Fort  Worth A i r p o r t  
Model Post O f f i c e  
Cold Water Storage 
Northern States Power 
General Servi ce Secondary 
Arizona Pub l lc  Service Company 
Model Post O f f i c e  
Pakota Nature Center 
Energy End-Use on O f f l c e  Bldg. 
Mld-At lant ic  O f f l c e  
Assorted Meter l ng 
Standard O i l  Bldg., Chlcago 
ENERPLEX 
Houston L igh t  I ng 8 Power Co. 
Midwest Federal B u l l d i n g  
ASHRAE Report/Ohlo Sta te  
CEC/Hittman Assocl ates 
Day l 1 ght l ng/L l ght  I ng Demo. 
Nor r ls  Cotton B u l l d i n g  
Passlve Solar Deslgn Program 
U t i l .  Rate f o r  HVAC/DHW C i r c u i t  
CACS - Comm. 6 Sma l 1 Apar. Serv. 
Campus U t i l i t y  Costs 
Gas Cogeneration 
Standard O i l  Bu l l d l ng  
Sta te  Bu l l d l  ng Energy Mangmt. 
National Solar  Data Network 
Pepco Total  Energy Use 
Arizona Energy Data System 
I n s t i t u t i o n a l  Conservation Pro. 
State Bu i l d i ng Program 
Metro. Wash 1 ngton Councl l Gover. 
Sma l l Bu is. Energy Ef f i c. Prog. 
l n s t i t u t l o n a l  Conservat. Prog. 
Government Owned Bldgs. 
Energy Extens 1 on Servl ce 
Gran i te  S ta te  Energy Conservat. 
NPAPenn Sta te  Restaurant Proj. 
Sigma I V  Metering Pro jec t  
J.C. Penney O f f i c e  Bu l l d l ng  
Wichita Schools Energy Analysis 
Ut  l l l t y  Research Data 
Load Forecasti  ng Research 
Restaurant Energy Ana l y s i s  
Rel l gious B l  dg. Energy Use 
Church Prototype 
U t l l i t y  Load Forecast ing 
A 1 ber ta Education 
Grade School 8 Un 1 v. Meter I ng 
Cata log Showroom 
UTC Power System 
Cleveland U t l l l t y  Meterlng 

Bu i l d i ng  Type 

Large o f f i c e  
Large o f f i c e  
Large o f f  i c e  
Hotel, o f f l ce ,  A l  
Post O f f  l ce 
O f f l c e  bu i l d i ng  
Commercl a l 
83 commercial 

Post O f f i c e  
Nature Center 
O f f i c e  bu i l d i ng  
Large o f f l c e  
Commercial 
80 f l o o r  o f f l c e  
O f f i c e  
Commer c I a l 
Off  i c e  
Off i c e  
Assorted 
Off Ice  bu l ld lngs  
O f f i c e  bu l l d i ng  
Pass I ve so la r  
C o m r c i  a l  
Apt., comm. <3000 sq. it. 
Co l l ege 
Fast food 
80 f l o o r  o f f  i c e  
Pub l ic  Hospi ta l  
Mul t i - fami ly  
Commerclal 

l n s t l t u t l o n a l  
S ta te  government 
Not spec 1 f I ed 
<5000 sq. f t .  
School, hosp i ta l  
Govt. cwned 
Var l ous 
A l  I types 
Restaurants 
Small o f f i c e  
O f f l c e  
121 schools 
Commerci a I 
5000 commerci a l 
Restaurants 
122 r e l i g i o u s  Bldg. 
18 churches 
Commerclal 
350 schools 
Schools 
200 r e t a l  1 
50-100 commerci a l 
Large commerclal 

Location 

Atlanta, GA 
Newark, NJ 
Atlanta, GA 
DFW Ai rpor t ,  TX 
Reno, NV 
Kansas, MO 
MN, SD, W I  
Ma1 ne 
Phoenix, AZ 
Rockford, I L  
lndlana 
New Zealand 
East coast 
Various 
Chlcago, I L 
P r l  nceton, NJ 
Houston, TX 
Mlnneapolls, MN 
Ohio 
Sacramento Bay, CA 
New York 
New Hampshire 
Unlted States 
Boston area 
U.S. 
Utah 
U.S. 
Ch l cago 
Wash i n e o n  
Unl t ed  States 
Washington, D.C. area 
Statew lde 
U.S. 
U.S. 
Wash l ngton, D.C. 
New York S ta te  
Statewide 
Statewide 
Kentucky 
New Hampshl r e  
7 I n  PA, VA, NJ 
Richland, WA 
Utah 
Wichita, KS 
Southern CA 
C a l i f o r n i a  
Phi ladelphla 
U.S. 
U.S. 
R r l t l s h  Columbla 
A l  berta, Canada 
Mary land 
U.S. 
U.S. 
Cleveland 



0 . .  ' .  0 ' .  I . .  . I  I .  

, 
0 . .  I .  . I . I . I I .  

' ,  . . .  , . 
8 l 8 - . * ,  , *  

. * .  1 ' . . 8  

. * .  I . . 8 

.... I I .  . I . . I  . . I  . 1 .  



I I I I 

I I I I 

I , , 
I I I *  , 

I I I I 8 

I I , 0 I 

I I , I t 

I , I I I 

I . .  I . . .  1 . . I  . I 

I I I 

I I I I I 

I I I I I 

I . .  . I . . .  I . . I  , 
I I I I 1 

I I I I I 

I 1 I I I 

I . .  I . .  I . . I  0 I 

I I I I 

I , I I I 

I I I I I 

I I I I I 

I I t I I 

u k/ d 9 I , I I 

aJ i; $ 1  I I I I 

a 8 . I 1 8  I 

w I I I I 

c, ' I , I 
aJ k; .... i I I I , . I , I * I .  

1-21 a I I  

3 I , - " \  
I I , I 

I I I , E f i *  t 

I I I 1 . .  I 

a I I I I I 

L I .I 
I 8 I I 8 

I I I I I 
aJ L .% I 9 , 9 I 

I I I , I 

L 1 I I , 9 , 
I I I I 

I I 

I . I . I .  I 

I I  I I t 

I I f , I 

I I 8 I , 
I I I I I 

9 , 
I I 8 , I 

I 0 8 

I I 

I I , 5 

I I e I . . I .  I 

I I I I I 

I I I 0 

I 
C 

' I 

I : I a 
a 

v, 
I 

s; : 

I 

i l d m s -  a j t s ~ ~ s  j g @ g p  p g s g  j z s ~ $  : 8 



o f  da ta  c o l l  ected,  t h e  t i m e  r e s o l u t i o n  o f  t h e  da ta  c o l l e c t e d ,  t h e  method used 

t o  c o l l e c t  t h e  data ,  and whether t h e  d a t a  a r e  i n  t h e  p r i v a t e  domain. A b l a n k  

i n  t h e  t a b l e  i n d i c a t e s  t h a t  t h e  s p e c i f i c  a t t r i b u t e  has n o t  y e t  been i d e n t i f i e d .  

The t i m e  r e s o l u t i o n  o f  t h e  metered da ta  i s  c h a r a c t e r i z e d  as hav ing  sub- 

h o u r l y ,  h o u r l y ,  d a i l y ,  o r  month ly  r e s o l u t i o n .  The m e t e r i n g  techn iques a r e  

d i v i d e d  i n t o  f o u r  c a t e g o r i e s :  manual records,  s t r i p  c h a r t s ,  u t i l i t y  demand 

meters,  and microprocessors .  Each d a t a  s e t  i s  c h a r a c t e r i z e d  as b e i n g  i n  e i t h e r  

t h e  p u b l i c  domain, o r  as p r o p r i e t a r y .  The da ta  s e t  c o l l e c t e d  f o r  each p r o j e c t  

i s  c h a r a c t e r i z e d  by  t h e  l e v e l  o f  s u p p o r t i n g  documentation. The t ypes  o f  sup- 

p o r t i n g  data  are:  b u i l d i n g  c h a r a c t e r i s t i c s ,  b u i l d i n g  occupancy, b u i l d i n g  

o p e r a t i o n  schedules and procedures,  b u i l d i n g  m i c r o c l i m a t e ,  and equipment 

performance. 

Several o f  t h e  p r o j e c t s  l i s t e d  i n  Tab le  3.3 i n c l u d e  m e t e r i n g  o f  mu1 t i p l e  

b u i l d i n g s .  Me te r ing  o f  mu1 t i p l e  b u i l d i n g s  occur red  i n  p r o j e c t s  6, 53, 65, 67, 

73, and 117. P r o j e c t s  t h a t  have c o l l e c t e d ,  o r  a r e  c o l l e c t i n g ,  da ta  p o t e n t i a l l y  

u s e f u l  t o  t h e  m e t e r i n g  program a r e  b r i e f l y  c h a r a c t e r i z e d  i n  t h i s  s e c t i o n .  The 

f o l l o w i n g  p r o j e c t s  a r e  o rgan ized  by ( f i r s t )  1  i s t i n g  p r o j e c t s  i n v o l v i n g  mu1 t i p 1  e  

b u i l d i n g  types,  f o l l o w e d  by a  1  i s t i n g  o f  p r o j e c t s  i n v o l v i n g  i n d i v i d u a l  b u i l d -  

i n g s  o r  t ypes  o f  b u i l d i n g s .  The l a t t e r  group a r e  f u r t h e r  o rgan ized  by b u i l d i n g  

t y p e *  

3.3.1 Mu1 t i ~ l  e  B u i l  d i n a  P r o j e c t s  

Pass ive S o l a r  Commerci a1 Bu i  1  d ings  Program 

The Pass ive S o l a r  Commercial B u i l d i n g s  Program i s  sponsored by t h e  U.S. 

Department o f  Energy t o  e v a l u a t e  t h e  performance and conserva t ion  p o t e n t i a l  o f  

pass ive  s o l a r  des ign fea tu res .  C u r r e n t l y ,  11 o f  t h e  2 1  b u i l d i n g s  i n  t h e  pro-  

gram have been ins t rumented.  Sub-hourly end-use energy consumption data  a long  

- w i t h  equipment performance and m i c r o c l i m a t e  data,  a r e  ( w i l l )  be ing  c o l l e c t e d  

f o r  a  one-year p e r i o d  i n  each b u i l d i n g .  Data on b u i l d i n g  c h a r a c t e r i s t i c s ,  

b u i l  d i n g  opera t ion ,  and occupancy a r e  a1 so b e i n g  c o l l  ected.  Each b u i l  d i n g  
* owner i n  t h e  program has s e l e c t e d  h i s  o r  h e r  own DAS system, so t h e r e  i s  a  l a c k  

o f  u n i f o r m  measurements and f o r m a t t i n g  o f  data  among b u i l d i n g  types.  A s i n g l e  

DAS system was n o t  used s i n c e  hardware was n o t  s tandard ized  a t  t h e  t i m e  o f  t h e  



program's concept ion.  However, t h e  i ns t r umen ta t i on  and da ta  formats  o f  these 

b u i l d i n g s  have been reviewed by A r c h i t e c t u r a l  Energy Corporat ion and improve- 

ments have been suggested t o  he lp  ensure cons is tency i n  data c o l l e c t i o n  among 

bu i l d i ngs .  The program and t he  performance o f  some o f  t he  b u i l d i n g s  have been 

documented i n  a  number o f  r e p o r t s  prepared by Bur t ,  H i l l ,  Kosar, R i t t l eman,  

Inc.  One summary r e p o r t  desc r i b i ng  each o f  t he  b u i l d i n g s  i s  Passive So la r  

Commercial B u i l d i n g  Program, Case These da ta  a re  i n  t h e  p u b l i c  

domain and w i l l  be made a v a i l a b l e  through t h e  American I n s t i t u t e  o f  .A r ch i  tec -  

t u r e  (AIA) . 
S e a t t l e  C i  t v  L i q h t  

S e a t t l e  C i t y  L i g h t  i s  mete r ing  e l  even commercial b u i l d i n g s  w i t h i n  i t s  

se r v i ce  area. The b u i l d i n g  types inc lude :  two supermarkets, two r e t a i l  

s to res ,  two o f f i c e  b u i l d i n g s ,  one f u l l  s e r v i c e  r es tau ran t ,  one f a s t - f o o d  

res tauran t ,  and t h r e e  m u l t i f a m i l y  b u i l d i n g s .  Hour ly  end-use energy consumption 

data a re  recorded w i t h  a  microprocessor,  and i n  some cases a re  supplemented by 

s t r i p  c h a r t  recorders .  The number o f  channels moni tored i n  each b u i l d i n g  

ranges from 8 t o  24. The i ns t r umen ta t i on  assumes t h a t  power f a c t o r s  a re  con- 

s t an t ,  and t he  e f f e c t i v e  vo l t age  and c u r r e n t  a re  moni tored t o  compute t h e  

average hou r l y  consumption f o r  a1 1  e l  e c t r i c a l  channel s. Equipment e f f i c i e n c y ,  

occupancy, and m ic roc l ima te  da ta  a re  n o t  be ing  co l l ec ted .  The b u i l d i n g s  have 

been aud i ted  and p o t e n t i a l  conserva t ion  measures a re  be ing  s tud ied  through 

d e t a i l e d  DOE 2.1 s imu la t ions .  The assoc ia ted  weather data f o r  t he  s imu la t i ons  

a re  taken from t h e  NOAA s i t e  a t  S e a t t l e  I n t e r n a t i o n a l  A i r p o r t .  Th i s  p r o j e c t  i s  

documented i n  t he  r e p o r t  ti tl ed Commercial Hour ly  End-Use Load study .('I 

Bonnev i l l e  Power Adm in i s t r a t i on  

The Bonnev i l l e  Power Adm in i s t r a t i on  i s  s t a r t i n g  an ambi t ious commercial 

b u i l d i n g s  mete r ing  program i n  t h e  Northwest, t he  End Use Load and Conservat ion 

Assessment P ro j ec t .  Th i s  program c a l l s  f o r  t h e  end-use mete r ing  o f  250 commer- 

c i  a1 bu i  1  d ings d i s t r i b u t e d  among t he  va r i ous  ca tegor ies  o f  commercial b u i l d -  

ings.  The purpose of  t h e  s tudy i s  t o  suppor t  research i n  l oad - f o recas t i ng  and 

r e l a t e d  areas t o  i d e n t i f y  t he  p o t e n t i a l  f o r  conservat ion as a  resource t o  

balance energy demand growth. Two hundred o f  t h e  b u i l d i n g s  w i l l  be w i t h i n  K ing  

County, t he  S e a t t l e  area. The o t h e r  50 b u i l d i n g s  w i l l  be sca t t e red  throughout  



t he  BPA se rv i ce  area. Hour ly  end-use data w i l l  be c o l l e c t e d  a long  w i t h  b u i l d -  

i n g  c h a r a c t e r i s t i c s  data. Each b u i l d i n g  w i l l  be aud i t ed  and m ic roc l ima te  da ta  

w i l l  be c o l l e c t e d  a t  a  subset of t h e  250 s i t e s .  The mete r ing  o f  these b u i l d -  

i ngs  i s  scheduled f o r  1984 through 1985. Th is  p r o j e c t  i s  be ing managed by 

Robert  Stokes a t  PNL f o r  t h e  BPA o f f i c e s  o f  Conservat ion and Power Require- 

.. ments. Cu r ren t l y  the  commercial b u i l d i n g s  p a r t  o f  t h e  p r o j e c t  i s  i n  t he  p i l o t  

phase w i t h  an o f f i c e  b u i l d i n g  and grocery  s t o r e  metered s ince  Spr ing  1984. 

3.3.2 O f f i c e  Bu i l d i ngs  
-* 

Georgia Power Company Corporate Headquarters 

The Georgia Power b u i l d i n g  i s  a  l a r g e  o f f i c e  b u i l d i n g  l o c a t e d  i n  A t l an ta ,  

Georgia. Th i s  b u i l d i n g  i s  a t y p i c a l  s ince  i t  was s p e c i a l l y  designed t o  conserve 

energy through l o a d  management, spec ia l  energy conservat ion features,  and an 

a c t i v e  s o l a r  c o l l e c t i o n  system. Sub-hourly end-use data w i t h  suppor t ing  b u i l d -  

i n g  opera t ion  and mic roc l imate  data a re  be ing  c o l l e c t e d  f o r  t h i s  b u i l d i n g .  

To ta l  energy use f o r  t he  b u i l  d ing  i s  be ing moni tored as we1 1 as se lec ted  HVAC 

equipment. Metered data from t h i s  b u i l d i n g  a re  c u r r e n t l y  be ing p rov ided  t o  DOE 

f o r  t h e  p e r i o d  o f  October, 1982 through October, 1984. 

Park Plaza B u i l d i n a  

The Park Plaza B u i l d i n g  i s  a  1  arge o f f i c e  b u i l d i n g  l o c a t e d  i n  Newark, New 

Jersey. Th is  b u i l d i n g  was ins t rumented t o  eva lua te  c o n t r o l  and energy manage- 

ment methods f o r  o f f i c e  bu i l d i ngs ,  and i s  ex tens i ve l y  monitored, w i t h  over  

35O.metering po in ts .  End-use, m ic roc l imate ,  and equipment performance data 

were c o l l e c t e d  a t  ten-minute i n t e r v a l s .  I n  a d d i t i o n  t o  t h e  metered data,  da ta  

on t he  b u i l d i n g ' s  c h a r a c t e r i s t i c s  and b u i l d i n g  ope ra t i on  a re  be ing c o l l  ected. 

The data were c o l l e c t e d  over  t he  p e r i o d  o f  Ju l y ,  1982, through August, 1983, 

and t he  data a re  i n  the  p u b l i c  domain. The p r o j e c t  i s  sponsored by DOE and 

- documented i n  a  mu1 t i - v o l  ume r e p o r t  t i t l e d  Design and Operat ional  Energy 

Stud ies i n  a  High Rise O f f i c e  ~ u i l d i n g . ( ~ )  The mon i t o r i ng  was performed by 

Tishman Research f o r  B i l l  Gerken a t  DOE. 

IBM BUILDINGIASHRAE Research P r o j e c t  (RP321) 

ASHRAE r e c e n t l y  completed a  mete r ing  study o f  a  l a r g e  o f f i c e  b u i l d i n g  i n  

A t lan ta ,  Georgia. L i m i t e d  sub-hourly end-use data were c o l l e c t e d  a long w i t h  



data on building characteristics,  building operations, microclimate, and equip- 

ment performance. The building was instrumented t o  study dynamic responses of 

buildings and improved control strategies in energy management control systems. 

While the data are collected using an automated procedure, i t  appears that  not 

a l l  the 15-minute data have been saved b u t  rather have been summarized and 

saved in an aggregated format. Data are collected from 380 metering points 

with HVAC and 1 ighting monitored as individual end-uses. These data were col- 

lected between January, 1982 and January, 1983. The data are considered pro- 

prietary, however, there wi 11 be a pub1 icly avai 1 abl e report. 

IBM North Carolina 

A n  IBM fac i l i t y  in Charlotte, North Carolina i s  being monitored in a proj- 

ect  with similar objectives as the I B M ~ A S H R A E  research project. Simi 1 a r  data 

are being coll ected ( selected end uses, building operation, microcl imate, e tc )  

in a 1.5 million square-foot fac i l i ty  that  contains b o t h  an office building and 

a manufacturing complex. Data are collected from 1200 metering points. 

Dall as/Fort Worth Airport 

Two small office buildings in the Dallas/Fort Worth airport  are  currently 

being metered in conjunction with the metering of the airport  f a c i l i t i e s .  The 
two offices have 54,000 and 45,000 sq. f t . ,  and are served by the central HVAC 

plant that del ivers energy t o  the whole airport  complex. Sub-hourly data are 
collected for some end uses along with equipment performance parameters. These 
data are proprietary. An a r t i c l e  describing th is  project appeared in the 

A S H R A E  Journal. 

Kansas City Power and Light 

Kansas City Power and Light i s  currently coll ecti  ng heating and cool i  ng 

end-use data for an office building in Kansas City, Missouri. The 100,000 sq. 
f t .  building was instrumented to study the energy use associated with a cold 

water storage system designed to reduce peak a i r  conditioning loads. Data are 
collected from 24 sensors that  monitor H V A C  efficiencies and energy use every 

two minutes. Limited microclimate data, including temperature and relative 

humidity, are a1 so coll ected a t  two minute i  nterval s. Associated information 
on building operations i s  a1 so collected. This data set  i s  proprietary. 



New Zeal and O f f i c e  Bui 1  d ing  

Only l i m i t e d  documentation regard ing  t h i s  p r o j e c t  has c u r r e n t l y  been 

uncovered. The o f f i c e  b u i l d i n g  p r o j e c t  i s  repor ted  t o  have c o l l e c t e d  t y p i c a l  

energy use p r o f i l e s  f o r  t h i s  t ype  o f  b u i l d i n g .  End-use data a re  c o l l e c t e d  on a  

weekly bas i  s. 

Prudent i  a1 Enerpl ex B u i l  d i  ngs 

The Pruden t ia l  Enerplex Bu i l d i ngs  represen t  a t y p i c a l  design fea tu res .  The 

p r o j e c t  cons i s t s  o f  two b u i l d i n g s  designed t o  be examples o f  energy e f f i c i e n c y  

i n  b u i l d i n g s .  One b u i l d i n g  incorpora tes  numerous pass ive s o l a r  design 

techniques, and t he  o the r  b u i l d i n g  inc ludes  a  unique component i n  i t s  HVAC 

system: an i c e  s torage system and e a r t h  c o o l i n g  tubes. The b u i l d i n g  con ta ins  

d e t a i l e d  ins t rumenta t ion ,  w i t h  over 110 metered channels separat ing energy 

consumption by end use and c o l l e c t i n g  m i c roc l ima te  data.  I n  add i t i on ,  support-  

i n g  documentation on b u i l d i n g  occupancy and c h a r a c t e r i s t i c s  i s  be ing  c o l l e c t e d .  

The data a re  1  i k e l y  t o  be a v a i l a b l e  t o  P a c i f i c  Northwest Laboratory.  Th i s  

research has been ex tens i ve l y  documented. Sources i n c l u d e  a paper presented a t  

t h e  I n t e r n a t i o n a l  So la r  Energy Soc ie ty  i n  1981. (5) 

Midwest Federal B u i l  d ing  

The Midwest Federal Bui 1 d i ng  i s 1  ocated i n  M i  nneapol i s, M i  nnesota. End- 

use energy consumption was moni tored as p a r t  o f  a  demonstrat ion p r o j e c t  o f  

Nor thern States Power Company s t a r t i n g  i n  1970. Th is  b u i l d i n g  i s  a t y p i c a l  o f  

common b u i l  d ing  p r a c t i c e s  i n  Minneapol i s  s ince  i t  i s  a1 1  - e l e c t r i c .  End-use 

energy consumption was i n i t i a l l y  be ing  c o l l e c t e d  on a  weekly bas i s  from manual 

meter ing readings. Data was l a t e r  c o l l e c t e d  on a  monthly bas is .  Cur ren t l y ,  

data i s  n o t  be ing c o l l  ected. No a d d i t i o n a l  suppor t ing  da ta  were co l l ec ted .  

The data a re  n o t  r e a d i l y  a v a i l a b l e  s ince  t he  b u i l d i n g  has changed owners a  

number o f  t imes s ince  1970 and t he  p r o j e c t  manager, Frances Anderson, from 

Northern States Power, has r e t i  red. 

Ohio S ta te  U n i v e r s i t y  

A l a r g e  o f f i c e  b u i l d i n g  a t  Ohio S ta te  was ex tens i ve l y  ins t rumented p r i o r  

t o  1977. Hour ly  end-use and mic ro -c l imate  data were c o l l e c t e d  over  a  one-year 



p e r i o d  a1 ong w i t h  suppor t ing  b u i l  d i n g  c h a r a c t e r i s t i c s  and opera t ions  i nforma- 

t i o n .  These data a re  i n  t h e  p u b l i c  domain and a re  documented i n  a  r e p o r t  

ti tl ed ASHRAE Report, Energy Cal c u l  a t i o n s  For  Load P r o f i l  es and Energy Require- 

ments For  Heat ing and Coo l ing  o f  Bu i l d i ngs .  ( 10) 

Cal i f o r n i  a  Energy Commi s s i  on 

The C a l i f o r n i a  Energy Commission sponsored an end-use energy mete r ing  

p r o j e c t  o f  n i ne  b u i l d i n g s  i n  t he  Sacramento and San Franc isco  Bay Area d u r i n g  

1978. The p r o j e c t  was sponsored i n  con junc t i on  w i t h  v a l i d a t i n g  a  commercial 

sec to r  1  oad f o r e c a s t i n g  model . I n d i v i d u a l  b u i l d i n g s  were metered f o r  .a two- 

month per iod .  Two o f  t h e  n i ne  b u i l d i n g s  were l a r g e  o f f i c e  b u i l d i n g s .  One 

b u i l d i n g  i s  360,000 sq. ft. and 35 s t o r i e s ,  and the  second b u i l d i n g  i s  850,000 

sq. ft. and 37 s t o r i e s .  End-use energy consumption f o r  l i g h t i n g ,  hea t ing ,  

coo l ing ,  water heat ing,  and e l e v a t o r s  was c o l l e c t e d  on 15-minute i n t e r v a l s .  

The data a re  documented i n  a r e p o r t  t i t l e d  Development o f  a  Data Base and 

Forecas t ing  Model f o r  Commercial Sector  E l e c t r i c i t y  Usage and Demand, 

Volume I V .  (11)  

N o r r i  s  Cot ton Federal  Bui  1  d i  nq 

The N o r r i s  Cotton Federal B u i l d i n g  was s p e c i a l l y  designed f o r  t h e  General 

Serv ices Adm in i s t r a t i on  t o  t e s t  a  v a r i e t y  o f  energy conserva t ion  s t r a t e g i e s .  

The b u i l d i n g  i s  h i g h l y  " a t y p i c a l "  s ince  each f l o o r  was designed w i t h  a  unique 

combinat ion o f  HVAC systems, l i g h t i n g  systems, and envelope s p e c i f i c a t i o n s .  

Hour ly  end-use da ta  were c o l l e c t e d  from over  700 sensors which measured end-use 

energy consumption, equipment e f f i c i e n c i e s ,  and mic roc l imate .  Data were c o l -  

l e c t e d  from September, 1979 t o  September, 1980. The data a re  a v a i l a b l e  on 

magnetic tape from the  Nat iona l  Bureau o f  Standards. Th is  p r o j e c t  i s  docu- 

mented i n  t h e  r e p o r t  Ana lys is  o f  Data From t h e  Energy Mon i t o r i ng  and Cont ro l  

System A t  t h e  N o r r i  s  Cotton Federal B u i l  d i  nq. ( 12) 

ERDA D a y l i g h t i n g  Demonstration 

The New York S ta te  ERDA o f f i c e  has conducted l i m i t e d  end-use energy meter- 

i n g  i n  o f f i c e  b u i l d i n g s .  The purpose o f  the  p r o j e c t  was t o  t e s t  d a y l i g h t i n g  



and l i g h t i n g  c o n t r o l  s t r a teg ies .  Sub-hourly energy consumption da ta  were c o l -  

l e c t e d  f o r  the  l i g h t i n g  system and a  few o the r  end uses. The data have been 

c o l l e c t e d  us ing  a  microprocessor.  

Standard O i l  B u i l d i n g  - Chicago 

The Standard O i l  B u i l d i n g  i n  Chicago i s  an ASHRAE award winner f o r  energy 

conservat ion f o r  b u i l d i n g  r e t r o f i t s .  End-use energy consumption data have been 

c o l l e c t e d  f o r  many years  i n  t h i s  80 s t o r y  o f f i c e  b u i l d i n g .  

A i r  Cond i t i on ing  Loads - Southern Cal i f o r n i  a  

The Los Angeles Department o f  Water and Power has c o l l e c t e d  data on energy 

use o f  e l e c t r i c  a i r  cond i t i one rs  i n  l a r g e  o f f i c e  b u i l d i n g s  f o r  over  t e n  years .  

Cent ra l  systems o f  500 tons o r  g rea te r  a re  moni tored w i t h  15 minute demand 

meters. Th is  study i s  documented i n  A i r  Condi t ion ing,  Heat ing and V e n t i l  a t i n g  

i n  t he  October, 1967 issue. Recent ly Southern C a l i f o r n i a  Edison c o l l e c t e d  

s i m i l a r  data i n  a  program t o  t e s t  automat ic c y c l i n g  o f  a i r  c o n d i t i o n i n g  

equipment du r i ng  h i gh  u t i l i t y  l o a d  per iods.  I n  t h i s  study t o t a l  e l e c t r i c  

energy use and a i r  c o n d i t i o n i n g  loads  were metered f o r  40 b u i l d i n g s  w i t h  t o t a l  

l oads  rang ing  from 20-500 kW. These b u i l d i n g s  were se lec ted  from a  s t a t i s t i c a l  

sample o f  245 b u i l d i n g s  where 15 minute t o t a l  e l e c t r i c  consumption was 

recorded. The data were recorded on magnetic tape recorders .  Temperature da ta  

were c o l l e c t e d  on 1 5  minute i n t e r v a l s  from nearby weather s t a t i ons .  

M id -A t l an t i c  O f f i c e  B u i l d i n g  

P a r t i a l  end-use mete r ing  o f  a  l a r g e  h i g h - r i s e  o f f i c e  b u i l d i n g  was com- 

p l e t e d  i n  1981 by L a r r y  Spie lvogel  , P. E. E l e c t r i c i t y  use on 26 f l o o r s  o f  t he  

b u i l d i n g  was metered, w i t h  f o u r  meters per  f l o o r .  Two meters per  f l o o r  mea- 

sured HVAC energy use i n  t he  two i n t e r i o r  zones. The two zones d i v i ded  t he  

i n t e r i o r  f l o o r  space i n  h a l f .  Each o f  t h e  o the r  two meters measured e l e c t r i c -  

i t y  consumption f o r  under-the-window heat  pumps, 1  i g h t i n g ,  and a l  1  o the r  e l ec -  

t r i c i t y  used by t h e  tenants  f o r  one-ha l f  o f  each f l o o r ' s  area. Meters used t o  

measure purchased steam t o  heat  t he  b u i l d i n g  and a l l  o t he r  b u i l d i n g  e l e c t r i c i t y  

meters were read monthly.  A l l  a u x i l i a r y  HVAC equipment, water hea t i ng  equip- 

ment, and l i g h t i n g  were measured o r  est imated t o  determine average connected 

load.  While no mic ro -c l imate  measurements were taken, l o c a l  weather data a re  



a v a i l a b l e  from an a i r p o r t  s i x  m i l e s  away. Documentation o f  t h i s  p r o j e c t  

appears i n  t h e  ASHRAE Journa l ,  November, 1982. (13)  

Utah Campus U t i l i t y  Costs 

L i m i t e d  end-use mete r ing  a t  two s t a t e  u n i v e r s i t i e s  and one s t a t e  c o l l e g e  

was coaducted i n  Utah around 1972. The separa t ion  o f  end-uses was l i m i t e d  t o  

hea t i ng  energy, coo l  i n g  energy, domestic water consumption, e l e c t r i c i t y  f o r  

mechanical systems and 1 i g h t i n g ,  and t o t a l  e l e c t r i c a l  energy. B u i l d i n g  use, 

b u i l  d ing  systems, and 1 i m i  t e d  occupancy da ta  were a1 so c o l  1  ected.  The data 

were c o l l e c t e d  us i ng  f l o w  and e l e c t r i c  demand meters i n  con junc t i on  w i t h  

recorders .  The t ime  r e s o l u t i o n  o f  t h e  da ta  has n o t  been determined. The s tudy 

was conducted by Heath Engineer ing Company and descr ibed i n  an a r t i c l e  t j t l e d  

"Campus U t i l i t y  Costs" appear ing i n  t h e  November, 1973 i s sue  o f  Heat ing,  P i p i n g  

and A i r  Condi t ion ing.  

S i ~ m a  I V .  P a c i f i c  Northwest Laboratorv  

P a c i f i c  Northwest Laboratory  i s  c u r r e n t l y  mete r ing  a  one-story,  20,000- 

square-foot,  o f f i c e  b u i l d i n g  i n  Rich land,  Washington. The b u i l d i n g  i s  be ing  

metered as one element i n  t h e  Commercial B u i l d i n g s  Mete r ing  and Data Rase 

Development P ro j ec t .  Low-cost sensors and da ta -acqu i s i t i on  systems developed 

a t  PNL a re  be ing  t e s t e d  i n  t h e  b u i l d i n g .  Data c o l l e c t i o n ,  which began i n  Feb- 

r ua ry  1983, i nc l udes  end-use energy consumption by b u i l d i n g  zone, m i c roc l ima te  

data, and b u i l d i n g  c h a r a c t e r i s t i c s  and ope ra t i on  data.  The data a re  c o l l e c t e d  

by a  microprocessor and a re  recorded on an h o u r l y  bas i s  f o r  a l l  sensors based 

upon 1800 measurements per  hour.  The da ta  a re  i n  t h e  p u b l i c  domain and a re  

a v a i l a b l e  from Richard Mazzucchi o r  James H e i d e l l  from PNL's Economic Systems 

Ana lys is  Sect ion.  

3.3.3 Restaurants 

Nat iona l  Restaurant  Associat ionIPenn S ta te  

Seven res tau ran t s  a re  c u r r e n t l y  be ing  metered by Pennsylvania S ta te  Uni- 

v e r s i  t y  i n  con junc t i on  w i t h  the  Nat iona l  Restaurant Assoc ia t ion  and P a c i f i c  

Northwest Laboratory .  End-use energy consumption data and m ic roc l ima te  da ta  



a re  be ing  c o l l  ec ted  a t  f i  fteen-mi nu te  i n t e r v a l  s. B u i l  d i n g  c h a r a c t e r i s t i c s  da ta  

and meal counts a re  a l s o  be ing  c o l l e c t e d .  Data w i l l  be c o l l e c t e d  f o r  a  one- 

yea r  p e r i o d  f rom J u l y  1983 t o  J u l y  1984. The data a re  be ing  c o l l e c t e d  under a  

U.S. DOE c o n t r a c t  and the  data w i l l  be i n  the  pub1 i c  domain. The data w i l l  be 

a v a i l a b l e  from P a c i f i c  Northwest Laboratory.  Th is  p r o j e c t  i s  documented i n  t h e  

r e p o r t  P r o j e c t  on Restaurant Energy Performance. (14) 

J o l  l y  T i g e r  Restaurant 

The J o l l y  T i g e r  Restaurant i s  a  4500 sq. f t . res tau ran t  i n  Colonie, N.Y. 

The res tau ran t  was metered t o  study t he  p o t e n t i a l  f o r  energy conserva t ion  

through r e t r o f i t  measures. The r e s t a u r a n t  i s  a  f a m i l y - s t y l e  r es tau ran t  open 24 

hours a  day. The res tau ran t  was ex tens i ve l y  metered du r i ng  the  p e r i o d  o f  1977 

through 1978. End-use metered data a long w i t h  m ic roc l imate ,  equipment p e r f o r -  

mance, and peak demand were measured from 250 metered p o i n t s  every two minutes. 

The data were recorded on a h o u r l y  bas is .  I n  add i t i on ,  b u i l d i n g  c h a r a c t e r i s t i c s  

and b u i l d i n g  opera t ions  data were c o l l e c t e d .  The data from the  p r o j e c t  a re  i n  

t h e  p u b l i c  domain and t he  mete r ing  e f f o r t  i s  ex tens i ve l y  documented i n  a  r e p o r t  

t i t l e d  J o l  l y  T i ge r  RestaurantICol  onie,  New York Energy Conservat ion And Heat 

Reclamation ~ r o j e c t . ( l ~ )  The mete r ing  and da ta  ana l ys i s  were performed by t h e  

Atmospheric Sciences Research Center a t  t he  S ta te  U n i v e r s i t y  o f  New York, 

A1 bany and W. S. F l  eming and Associates. 

Gas Cosenerati onIMcDona1 d 

The McDonald's Corporat ion and t he  Gas Research I n s t i t u t e  j o i n t l y  p l a n  t o  

ins t rument  a  McDonald's r es tau ran t  t o  study a gas cogenerat ion f a c i l i t y .  

Hour ly end-use energy consumption data w i l l  be recorded f o r  t h e  components o f  

t he  HVAC system. To ta l  energy use by f u e l  t ype  w i l l  be recorded on a h o u r l y  

bas is .  The p r o j e c t  s t a r t e d  i n  1984 and data w i l l  be c o l l e c t e d  f o r  18 months. 

McDonald' s  Restaurants 

The McDonald's Corporat ion has conducted end-use mete r ing  s tud ies  f o r  some 

of i t s  f a c i l i t i e s .  Th is  data a re  p r o p r i e t a r y  and no d e t a i l s  about t h i s  study 

a re  avai  1  able.  



3.3.4 Ho te ls  and Motel s  

American Hotel  and Motel Assoc ia t ion  

End-use energy consumption i n  s i x  h o t e l s  and mote ls  was s t u d i e d  i n  a  p r o j -  

e c t  sponsored by t h e  U.S. DOE i n  con junc t i on  w i t h  t h e  American Hotel  and Motel 

Assoc ia t ion  and t h e  Lodging and Trave l  Research Foundation. End-use mete r ing  

took p lace i n  s i x  h o t e l s  l o c a t e d  i n  Vermont, Minnesota, Arizona, Georgia, and 

Texas i n  1980 and 1981. The b u i l d i n g s  se lec ted  a re  cons idered t y p i c a l  and do 

n o t  have spec ia l  e n e r g y - e f f i c i e n t  design fea tu res .  End-use and m ic roc l ima te  

data were c o l l e c t e d  on an h o u r l y  bas i s  a long  w i t h  i n f o rma t i on  about  b u i l d i n g  

c h a r a c t e r i s t i c s ,  occupancy, and equipment performance. There were s i g n i f i c a n t  

problems w i t h  sensors and t h e  data logger ,  and thus t h e r e  i s  a  l i m i t e d  amount 

o f  data. There a re  approx imate ly  one month 's  wor th  o f  data f o r  t h e  hea t i ng  and 

t h e  c o o l i n g  seasons i n  summer and w i n t e r  f o r  each b u i l d i n g .  The da ta  a re  i n  

t he  p u b l i c  domain. The study i s  documented i n  one summary r e p o r t ,  Summary 

Report  o f  Energy Usage/Consumption Ana lys is  f o r  S i x  ~ o t e l  s / ~ o t e l  s  ,( 16) and i n  a  

d e t a i l e d  document per  b u i l d i n g .  

D a l l  as /Fo r t  Worth A i  r o o r t  

L i m i t e d  end-use data i s  be ing  c o l l e c t e d  f o r  a  h o t e l  w i t h i n  t h e  complex. 

The c h a r a c t e r i s t i c s  o f  t h e  h o t e l  data  s e t  a re  t h e  same as f o r  t h e  o f f i c e  

f a c i l i t y ,  and more d e t a i l s  a re  inc luded  i n  t h e  o f f i c e  b u i l d i n g  s e c t i o n  o f  t h e  

r e p o r t .  

3.3.5 Misce l laneous P r o j e c t s  

Model Post  O f f i c e s  

The Pos ta l  Serv ice  i s  c u r r e n t l y  conduct ing a  Model Pos t  O f f i c e  program. 

The purpose i s  t o  s tudy t he  energy impacts o f  va r ious  conserva t ion  measures. 

F i v e  p o s t  o f f i c e s  around t h e  coun t ry  are, o r  w i l l  be, metered f o r  end-use 

energy consumption data bo th  be fo re  and a f t e r  t he  i n s t a l l a t i o n  o f  r e t r o f i t  

measures. End-use consumption f o r  HVAC, 1 i g h t i  ng, h o t  water, and mi sce l  1  aneous 

consumption w i l l  be recorded w i t h  s t r i p  c h a r t  recorders  on a  d a i l y  bas is .  

I n f o rma t i on  on occupancy and m ic roc l ima te  w i l l  n o t  be recorded. The program i s  

managed i n  t he  d i f f e r e n t  pos ta l  reg ions  and i s  coord ina ted  by Joe l  Liscomb i n  

t h e  U.S. Posta l  Serv ice  o f f i c e  i n  Washington, D.C. 



Commerci a1 B u i l  d i n g  Space Heat ing Loads 

Pennsylvania Power and L i g h t  Company, metered space h e a t i n g  energy use i n  

49 b u i l d i n g s  between October, 1966 and September, 1967. The b u i l d i n g s  were 

s e l e c t e d  f rom a sample o f  765 customers and i n c l u d e d  o f f i c e s ,  r e t a i l  s t o r e s ,  

churches, schools,  l odg ing ,  warehouses, banks, and r e s t a u r a n t s .  The s tudy  was 

* conducted on b u i l d i n g s  u s i n g  a separate  u t i l i t y  r a t e  and meter  f o r  hea t ing ,  . 
c o o l i n g ,  and water  hea t ing .  It was assumed t h a t  no a i r  c o n d i t i o n i n g  was used 

d u r i n g  t h e  months f o r  which da ta  a r e  r e p o r t e d :  water  h e a t i n g  energy use was 
b measured and s u b t r a c t e d  f rom t o t a l  energy use. 





4.0 DATA REQUIRED FOR RESEARCH OBJECTIVES 

The primary objectives of the metered end-use energy survey were to deter- 

mine 1) how much data already exists and where i t  i s  stored, and 2 )  whether 

there are sufficient amounts of data t o  support research on energy conservation 

in commercial buildings. The f i r s t  objective, identification of existing data, 

was met in Section 3. Accomplishment of the second objective requires develop- 

ing a framework for interpreting the results of the survey. That framework i s  

b developed in this  section. 

I t  i s  impractical to design a data collection program that can provide a l l  

data needed t o  support research on energy conservation in buildings. On the 

other hand, i t  i s  possible to collect data which has 1 imi ted value for a1 1 

potential users of empirical end-use data. Therefore, t o  ensure that useful 

data are collected, i t  i s  necessary to  define the intended uses of the data, 

and clearly identify what data are needed. Section 4.1 outlines the major uses 

envisioned for the metered data and Section 4.2 identifies the data needed t o  
serve those uses. 

Section 4.3 addresses ways t o  reduce the data collected to ensure that the 

data are usable. These measures, referred t o  as performance factors,  are used 

t o  analyze the data collected from single building and to make comparisons 

between bui 1 dings. 

4.1 SUMMARY OF DATA USERS 

The potential data needs of six areas of research were identified. These 
research areas are: u t i l i t y  planning, building design, building equipment, 

buil ding energy control systems, pub1 ic  pol icy, and building energy use simul a- 

tion techniques. While each research area has unique data needs, the data 
4 requirements typically fa1 1 into two categories. The f i r s t  category i s  defined 

as "operations-research-based data." The data collection ef for t  typically 

requires a few sets  of detailed data on a1 1 aspects of the building including . 
energy consumpti on, bui 1 ding construction, and bui 1 ding operation. The second 

type, "s ta t i s t ica l  ly-based research data," typically require 1 arge amounts of 



reduced data, such as one t ime  t e s t s  o f  equipment e f f i c i e n c y  and month ly  end- 

use energy consumption, t o  use i n  s t a t i s t i c a l  analyses. 

The d i v i s i o n  o f  da ta  requirements i n t o  two ca tegor ies  i s  somewhat a r b i -  

t r a r y ,  b u t  i s  use fu l  f o r  d e f i n i n g  da ta  needs. A meter ing  e f f o r t  i n e v i t a b l y  

i n c l  udes a q u a n t i t a t i v e  and qua1 i t a t i v e  t r a d e o f f  between d e t a i  1 ed da ta  c o l l  ec- 

t i o n  from a few b u i l d i n g s  o r  s e t t l i n g  f o r  l e s s  data f rom a l a r g e r  number o f  

bu i l d i ngs .  I n  o rde r  t o  focus on t h e  da ta  needs o f  t h e  s i x  areas o f  research,  

the  data requirements have been d i v i d e d  i n t o  operat ions- research type  da ta  and 

s t a t i s t i c a l l y - b a s e d  research data. 

4.1.1 Operations-Research-Based Data 

S i x  areas o f  research and t o p i c s  f o r  which a few se ts  o f  well-documented 

data would be va luab le  a re  h i g h l i g h t e d  i n  Table 4.1. Many o f  the  research 

t o p i c s  a re  o f  i n t e r e s t  t o  several  research areas. Th is  i s  i n e v i t a b l e  s ince  a1 1 

t he  areas have reduc t i on  o f  energy consumption as the  main o b j e c t i v e .  The data 

needs f o r  each o f  these research areas a re  b r i e f l y  o u t l i n e d  below. The 

d e s c r i p t i o n s  a re  in tended  t o  p rov ide  t he  nexus between research needs and iden-  

t i f i c a t i o n  o f  t h e  d e t a i l e d  measurements t h a t  need t o  be conducted. 

U t i l  i t y - r e 1  a ted  research p r i m a r i l y  re1  i e s  on " s t a t i s t i c a l  ly -based data," 

however, 1 i m i  t e d  emp i r i ca l  data se ts  may be o f  va lue i n  i d e n t i f y i n g  demand and 

energy use p r o f i l e s  f o r  b u i l d i n g  equipment such as l i g h t i n g  and HVAC systems. 

TABLE 4.1. Uses o f  D e t a i l e d  Data 

Area o f  Research Research Topics 

U t i  1  i t y  p l  anni  ng Equipment t e s t i n g ,  l o a d  management 

Bui 1  d i ng  design Ana lys is  o f  energy use by subsystems 

Equipment development F ie1 d performance o f  t e s t  designs 

Contro l  s t r a t e g i e s  I d e n t i f i c a t i o n  and t e s t i n g  o f  s t r a t e g i e s  

Pub l i c  p o l i c y  I d e n t i f i c a t i o n  o f  p o t e n t i a l  conserva t ion  
measures 

S imu la t ion  techniques Cal i bra ted  simul a t i o n ,  emp i r i ca l  techniques 



T h i s  i n f o r m a t i o n  c o u l d  be used i n  t h e  techno logy component o f  l o a d  f o r e c a s t i n g  

models. I n  t h i s  c o n t e x t ,  15-minute peak demand and energy consumpt ion d a t a  

aggregated on a t  l e a s t  a  d a i l y  b a s i s  a r e  p robab ly  s u f f i c i e n t .  

A d e t a i l e d  a n a l y s i s  summarizing how energy i s  used by t h e  b u i l d i n g  sub- 

systems and t h e  r e l a t i o n s h i p s  between t h e  subsystems would  be u s e f u l  f o r  i den -  

1, ti f y i n g  b u i l d i n g  des ign s t r a t e g i e s .  The i n f o r m a t i o n  c o u l d  a1 so be used t o  

p r o v i d e  an i n d i c a t i o n  o f  which des ign  f e a t u r e s  would be most  e f f e c t i v e  f o r  

r e d u c i n g  energy consumption. These research  t o p i c s  r e q u i r e  c o l l e c t i o n  o f  d a t a  
L 

by end use as we1 1  as d e t a i l e d  i n f o r m a t i o n  about  t h e  b u i l d i n g ' s  c o n s t r u c t i o n .  

I n f o r m a t i o n  on b u i l d i n g  o p e r a t i o n s  and occupancy a r e  d e s i r a b l e  i n  o r d e r  t o  

i d e n t i f y  how t h e  b u i l d i n g  i s  used, and t o  i d e n t i f y  how occupancy b e h a v i o r  

a f f e c t s  energy consumption. 

Equipment deve lopers  a r e  t y p i c a l  l y  i n t e r e s t e d  i n  d e t a i  1  ed d a t a  on t h e  

f i e l d  performance o f  s p e c i f i c  p i e c e s  o f  equipment r a t h e r  than consumpt ion by  

end use. These t ypes  o f  da ta  i n c l u d e  energy demand c h a r a c t e r i s t i c s ,  energy 

consumption, hours o f  o p e r a t i o n ,  and c y c l  i n g  c h a r a c t e r i  s t i c s .  S i  nce i t  i s  

d i f f i c u l t  t o  measure t h e  dynamic f i e 1  d  c h a r a c t e r i s t i c s  o f  m a t e r i a l  s, t h e  equip-  

ment o f  i n t e r e s t  a r e  t y p i c a l l y  HVAC and process equipment. Performance charac-  

t e r i s t i c s  o f  process and HVAC equipment a r e  o f t e n  d e s i r e d  t o  have been reco rded  

on a  h o u r l y  o r  sub-hour ly  b a s i s .  

Data needs o f  p u b l i c  p o l i c y  deve lopers  a r e  s i m i l a r  t o  these  o f  u t i l i t i e s  

and equipment des igners .  End-use metered da ta  can be used t o  i d e n t i f y  b u i l d i n g  

subsystems t o  t a r g e t  f o r  research  and development p r o j e c t s ,  and equipment- 

s p e c i f i c  da ta  can be used t o  i d e n t i f y  s p e c i f i c  research  areas.  

The market  f o r  energy management systems i s  growing,  and i t  i s  becoming 

i n c r e a s i n g l y  c o s t - e f f e c t i v e  t o  i n s t a l  1  these  systems i n  smal l  b u i l d i n g s  as we1 1  

as l a r g e  ones. D e t a i l e d  da ta  c o l l e c t i o n  e f f o r t s  t h a t  i n c l u d e  energy demand and 
' 4 

consumption as w e l l  as t h e  o n - o f f  s t a t u s ,  f l ow  r a t e s ,  and temperature  charac-  

t e r i s t i c s  o f  HVAC equipment can be used t o  i d e n t i f y  energy management s t r a t e -  

1, g i e s .  T h i s  da ta  t y p i c a l l y  needs t o  be c o l l e c t e d  f r e q u e n t l y ,  such as eve ry  
15-minutes. D a i l y ,  o r  more aggregated,  end-use d a t a  summaries have l i m i t e d  



value i n  develop ing c o n t r o l  s t r a teg ies .  It i s  des i r ab le  t o  s tudy c o n t r o l  

s t r a t e g i e s  concu r ren t l y  w i t h  meter ing i n  o rder  t o  t e s t  the  s t r a t e g i e s  

devel oped. 

T r a d i t i o n a l l y ,  researchers  work ing on s imu la t i on  techniques have been 

major users  o f  end-use metered data. These s imu la t i on  techniques a re  used i n  

a l l  o f  t he  forement ioned areas o f  research. L i m i t e d  se ts  o f  data  have two 

major uses: t o  e s t a b l i s h  conf idence i n  t h e  p r e d i c t i v e  a b i l i t y  o f  models, and 

assess the  a b i l i t y  o f  models t o  accu ra te l y  p r e d i c t  t h e  changes i n  energy 

consumption r e s u l t i n g  f rom t e s t s  o f  va r i ous  conservat ion measures. 

The t e r n  " e s t a b l i s h  conf idence" i s  used i ns tead  o f  " v e r i f y "  s i nce  i t  i s  

unc lear  how a  few data se ts  can be used t o  prove t h a t  i n d i v i d u a l  equat ions o f  

t h e  models, which a re  t y p i c a l l y  based on t h e  p r i n c i p l e s  o f  thermodynamics, a re  

c o r r e c t .  Simply s ta ted ,  t h e r e  a re  more v a r i a b l e s  than data po in t s ,  and i t  i s  

d i  f f  i c u l  t t o  d i s t i n g u i s h  between inaccurac ies  i n  t h e  equat ions,  and i naccura- 

c i e s  i n  t he  procedures and assumptions used t o  model the  b u i l d i n g .  However, 

t h e  a b i l i t y  o f  a  model t o  t r a c k  end use energy consumption over  t ime  can be 

assessed, and can be a  va luab le  exe rc i se  t o  e s t a b l i s h  user conf idence i n  a  

model . Data requirements f o r  t h i s  area o f  research t y p i c a l l y  i n c l u d e  c l  imato- 

l o g i c a l  data, d e t a i l s  on b u i l d i n g  cons t ruc t i on ,  b u i l d i n g  equipment s i zes  and 

e f f i c i e n c y  r a t i n g s ,  i n f o r m a t i o n  on b u i l  d i ng  ope ra t i on  and occupancy schedules, 

and end-use energy consumption aggregated t o  a t  l e a s t  a  d a i l y  bas is .  

A major use o f  s imu la t i on  techniques i s  i n  determin ing t h e  conserva t ion  

p o t e n t i a l  o f  d i f f e r e n t  design s t r a teg ies ,  r e t r o f i t  conservat ion measures, and 

t he  e f f e c t  o f  s e l e c t i o n  o f  b u i l d i n g  equipment on energy consumption. I n  these 

cases, t he  user  i s  i n t e r e s t e d  i n  t h e  accuracy o f  t h e  est imates o f  the  changes 

i n  energy consumption, r a t h e r  than t he  accuracy o f  t he  est imates o f  t o t a l  

energy consumed. Research a c t i v i t i e s  i n c l u d e  a d j u s t i n g  o r  c a l i b r a t i n g  t h e  

s imu la t i on  model u n t i l  t h e  model accu ra te l y  s imulates ac tua l  energy consump- 

t i o n .  There i s  no p rede f ined  agreement as t o  what c o n s t i t u t e s  accuracy, o r  

whether t he  comparison between est imated and ac tua l  energy use should  be f o r  

t he  whole b u i l d i n g ,  by end-use, o r  f o r  each major p iece  o f  equipment, and, 

f i n a l l y ,  t he  t ime r e s o l u t i o n  invo lved.  T y p i c a l l y ,  o n l y  a  few metered da ta  se t s  

a re  r equ i r ed  f o r  t h i s  research, s ince  t he  procedures are time-consuming. I n  



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

e i t h e r  changing t h e  o p e r a t i  on s t r a t e g i e s  o f  t h e  b u i  1  d ing,  o r  h a v i n g  

c o n s e r v a t i o n  measures i n s t i t u t e d .  The d a t a  requ i rements  f o r  t h i s  research  a r e  

s i m i l a r  t o  those  desc r ibed  f o r  model t e s t i n g .  

An area o f  research  t h a t  i s  g a i n i n g  a t t e n t i o n  i s  t h e  use o f  d e t a i l e d  
v metered da ta  t o  develop e m p i r i c a l  models t h a t  e s t i m a t e  energy consumpt ion based 

on a  s e t  o f  d r i v i n g  f u n c t i o n s ,  such as i n s o l a t i o n  o r  process l oads .  The 

proposed techn iques i n v o l v e  d e t e r m i n i n g  t h e  dynamic f l o w  o f  energy i n  a  b u i l d -  
b 

i n g  u s i n g  a  1  i m i t e d  s e t  o f  da ta ,  and a t t e m p t i n g  t o  e x t r a p o l  a t e  energy consump- 

t i o n  based on t h e  model developed. The a t t r a c t i o n  o f  t h i s  approach i s  t h a t  t h e  

e s t i m a t i o n  i s  based on thermodynamic p r i  n c i p l  es o f  conductance, capac i tance ,  

and i n t e r z o n e  c o u p l i n g  r a t h e r  than  on a  pu re  s t a t i s t i c a l  model. Thus t h e  

r e s u l t i n g  model can d i r e c t l y  e s t i m a t e  energy use f rom measurable p h y s i c a l  

q u a n t i t i e s .  

4.1.2 S t a t i s t i c a l l y - B a s e d  Data 

T h i s  s e c t i o n  rev iews  areas o f  research  t h a t  c h a r a c t e r i s t i c a l l y  r e l y  on 

l a r g e  amounts o f  summary da ta  r a t h e r  than  on h o u r l y  o r  sub-hour ly  d a t a  o r  i n  

d e t a i l e d  equipment o p e r a t i o n s  and m i c r o c l i m a t e  data .  The techn iques used t o  

summarize c o l l e c t e d  d a t a  a r e  i m p o r t a n t  s i n c e  t h e  d a t a  use r  i s  t y p i c a l l y  i n t e r -  

e s t e d  i n  a v a i l a b l e  summaries. The d e f i n i t i o n  o f  performance f a c t o r s  i s  impor -  

t a n t  i n  e s t a b l i s h i n g  da ta  r e d u c t i o n  procedures.  P o t e n t i a l  research  t o p i c s  f o r  

t h e  s i x  areas o f  b u i l d i n g s  research  a r e  shown i n  Tab le  4.2. 

TABLE 4.2. Uses o f  S t a t i s t i c a l  Data C o l l e c t i o n  E f f o r t s  

Area o f  Research Research Top ics  

U t i  1  i ty  p l a n n i n g  Load research  

Bui  1  d i n g  des ign  End-use consumpt ion p r o f i l e s  

Equipment development Market  assessment 

Con t ro l  s t r a t e g i e s  Market  assessment 

Pub1 i c  po l  i c y  B u i l d i n g  standards,  benchmark p o l i c i e s  

S i m u l a t i o n  techn iques S t a t i s t i c a l  techn iques,  normal i z e d  measures 



U t i l  i t i e s  have t r a d i t i o n a l l y  been t h e  major  c o l l  e c t o r s  o f  energy con- 

sumption data on commercial b u i l d i n g s .  The da ta  requirements t y p i c a l l y  

i n c l u d e  l a r g e  sample s i zes  so t h a t  t he  r e s u l t s  can be s t a t i s t i c a l l y  ex t r a -  

po la ted  t o  the  r a t e  base. Due t o  t he  c o s t  o f  c o l l e c t i n g  end-use energy con- 

sumption data,  these e f f o r t s  a re  almost a1 ways concent ra ted on c o l l  e c t i n g  t o t a l  

energy use over per iods  rang ing  from 15 minutes t o  a  month. P r i o r  s t ud ies  o f  t. 

l i m i t e d  end uses o f t e n  concent ra te  on water  hea t ing ,  space hea t ing ,  o r  space 

coo l ing ,  o r  l i g h t i n g .  The i n f o rma t i on  can be used i n  con junc t i on  w i t h  develop- 
d 

i n g  programs t o  promote conservat ion,  t o  reduce peak demand, o r  s e l l  new equip- 

ment and serv ices.  Sub-hourly data i s  f r equen t l y  used i n  con junc t i on  w i t h  l o a d  

f o recas t i ng  s tud ies .  Data t h a t  would be use fu l  t o  suppor t  u t i l i t y  research 

i n c l u d e  end-use summaries on a d a i l y  o r  monthly bas is ,  and i n f o r m a t i o n  on 

b u i l d i n g  c o n s t r u c t i o n  and opera t ions  which a re  t y p i c a l l y  c o l l e c t e d  i n  a  compre- 

hensi  ve aud i t .  

A s t a t i s t i c a l  base f o r  devel op ing end-use energy consumpti on p r o f  i 1 es 

based upon b u i l d i n g  c h a r a c t e r i s t i c s  and reg ion  o f  the  coun t ry  would be use fu l  

f o r  b u i l d i n g  designers.  These p r o f i l e s  c o u l d  be used t o  develop ene rgy -e f f i -  

c i e n t  design gu ide l i nes .  Cu r ren t l y ,  end-use consumption gu ide l i nes  r e l y  on 

computer simul a t i o n  and a v a r i e t y  o f  o t h e r  es t ima t i on  techniques. 

I n f o rma t i on  on t he  general energy use c h a r a c t e r i s t i c s  f o r  a  l a r g e  number 

o f  b u i l d i n g s  i s  use fu l  t o  equipment manufacturers and c o n t r o l  system des igners  

i n  understanding and i d e n t i f y i n g  p o t e n t i a l  markets. Th is  i s  impo r tan t  s i nce  

p r i v a t e  research and development (R&D)  assessments a re  made o n l y  a f t e r  a  

p r o f i t a b l e  market f o r  t h e  development can be assured. 

Large sample end-use data coul  d  be used t o  he1 p develop publ i c  po l  i c y .  

One example i s  e s t a b l i s h i n g  a benchmark f o r  energy consumption i n  c u r r e n t l y  

designed b u i l d i n g s .  The benchmark can a l s o  be used t o  p rov i de  t echn i ca l  

suppor t  i n  develop ing b u i l d i n g  energy performance gu ide l i nes  and standards,  

u t i l i t y  r a t e  s t r uc tu res ,  and implementat ion o f  energy conserva t ion  measures. 

Devel opment o f  b u i  1  d i ng  simul a t i o n  techniques re1 ates t o  t h e  t h r e e  pre-  

v i o u s l y  discussed areas o f  research. U t i l i t i e s ,  b u i l d i n g  designers,  and publ  i c  

pol icy-makers a re  i n t e r e s t e d  i n  develop ing s t a t i s t i c a l l y - b a s e d  models t h a t  



account for the measured variations in total energy use and predicted varia- 

tions in end-use energy consumption. In addition t o  using the data in 

s ta t i s t ica l  model s ,  the data can a1 so be reduced to develop normalized measures 

for assessing a bui 1 di ng' s energy performance. Normal i zed measures consi s t  of 

data sunimaries using units of measure that  a1 low comparisons with other build- 

ings. One simple example i s  average end-use energy consumption per square 

foot. 

4.2 DATA REQUIRED TO ADDRESS RESEARCH NEEDS 

This section summarizes the data required to  address the six areas of 

research reviewed in Section 4.1. This summary of the types of measurements, 

the importance of the data, and the costs of collecting the data, serves two 

purposes. The f i r s t  purpose i s  t o  provide a se t  of c r i t e r i a  that can be used 

to measure the usefulness of existing metered data. The second purpose i s  t o  

document the guidelines and rationale for the selection of measurements for 

federal metering effor ts .  

4.2.1 Research Data Reaui rements 

PNL conducted di scussi ons with potenti a1 and exi s t i  ng users of metered 

end-use data t o  determine the types of data needed t o  better understand build- 

ing energy performance. These discussions were conducted a t  a technical advi- 

sory group meeting held in Washington, D.C .  in June, 1983, and through phone 

conversations accompanying the inventory of existing end-use metered data. 

The desired data have been broadly grouped into eight categories: micro- 

climate, end-use energy consumption, shell construction, equipment character- 

i s t i  cs, occupancy, b u i  1 ding operating conditions, s i t e  descriptions, and 

assessment of  energy conservation measures. The relative importance of  these 

eight categories in supporting the six defined areas of research i s  charac- 
- 4  

terized in the matrix in Table 4.3. The ratings are based upon professional 

judgment and consider the availabili ty of existing data and the value of  

I? collecting the data given cost constraints. Each cell in the matrix i s  ranked 
on a scale of 1 - 3, where a "1" represents an essential data collection 

act ivi ty ,  "2"  represents a desirable data coll ection act ivi ty ,  and "3" repre- 

sents a non-useful activity.  



TABLE 4.3. Ranking o f  Research Areas 

CI imate 

Energy Use 

Shel l  Cons. 

Equ i pment 
Charac ter is t ics  

Occupancy 

B l  dg. Operation 
S i t e  

Cons. Measures 

U t i l i t y  
Planning 

2 

1 

2 

2 

2 

3 

2 

Bui ld lng  
Design 

2 

2 

2 

2 

2 

1 

1 

Bui ld lng  
Model lng 

1 

1 

1 

1 

1 

2 

3 

Equipment 
Developing 

2 

1 

2 

1 

2 

2 

2 

Energy 
Control 

3 

2 

2 

1 

2 

3 

2 

P u b l i c  
Pol i cy 

2 

2 

2 

2 

2 

2 

1 

1. Essent ia l .  2. Desirable .  3. Not Useful.  

I f  equal we igh ts  a r e  g i ven  t o  each o f  t h e  6 areas o f  research,  t hen  t h e  

o v e r a l l  p r i o r i t i e s  f o r  da ta  c o l l e c t i o n ,  f rom most t o  l e a s t  impor tan t ,  a r e  as 

f o l l o w s :  energy use, b u i l d i n g  o p e r a t i n g  c o n d i t i o n s ,  equipment c h a r a c t e r i s t i c s ,  

she1 1  c o n s t r u c t i o n ,  assessment o f  energy c o n s e r v a t i o n  measures, c l  imate ,  occu- 

pancy, and s i t e  d e s c r i p t i o n .  It i s  i m p o r t a n t  t o  recogn ize  t h a t  t h e  v a l u e  o f  

each da ta  t y p e  i s  enhanced as o t h e r  da ta  become a v a i l a b l e ,  and t h a t  t h e  v a l u e  

o f  a  complete d a t a  s e t  exceeds t h e  sum o f  t h e  i n d i v i d u a l  components. I n  add i -  

t i o n ,  it may n o t  be a p p r o p r i a t e  t o  ass ign  equal  weights,  s i n c e  a  program may 

emphasize d e t a i l e d  a n a l y s i s  o f  a  few b u i l d i n g s  versus a  l e s s  d e t a i l e d  approach 

f o r  a  l a r g e  sample o f  b u i l d i n g s .  

The t y p e  and f requency o f  f i e l d  measurements proposed f o r  s u p p o r t i n g  t h e  

s i x  research areas a r e  d e f i n e d  i n  Tab le  4.4. Tab le  4.4 i s  designed t o  serve as 

t h e  gu ide f o r  t h e  Commercial B u i l d i n g  m e t e r i n g  program i n  e v a l u a t i n g  t h e  ade- 

quacy o f  e x i s t i n g  metered end-use da ta  and i n  d e f i n i n g  measurements f o r  any 

f u t u r e  da ta  c o l l e c t i o n  a c t i v i t i e s .  Once t h e  p r i o r i t i e s  f o r  research  areas have 

been determined,  t h e  recommended f i e l d  da ta  measurements can be i d e n t i f i e d  by 

l o o k i n g  under t h e  a p p r o p r i a t e  column headings i n  Tab le  4.4. 

F i v e  approaches f o r  c o l l e c t i n g  each d a t a  t y p e  ( t h e  row headings i n  

Tab le  4.4) were cons idered.  These approaches a r e  l i s t e d  below a long  w i t h  t h e  



TABLE 4.4. Guide t o  t h e  Commercial B u i l d i n g  Me te r ing  Program 

P u b l i c  B u i l d i n g  B u i l d i n g  Equipment C o n t r o l  
Pol  I cy Designers Researchers Develop. S t ra tegy  U t  i l it i es Measurement 

t o t a l  hor iz .  i n s o l a t i o n  
d i f f u s e  hor iz .  i n s o l a t i o n  
dry bu l b temperature 
r e l a t i v e  humid i t y  
wind speed 
wind d i r e c t i o n  
ground temperature 
t o t a l  i n s o l a t i o n  
water temperature 

ENERGY USE 

hea t ing  C 
cool  i ng C 
v e n t i l a t i o n  C 
domestic h o t  water C 
misc fans, pumps C 
l i g h t i n g  C 
major appIiances/equipment C 
mi sc. C 

ENERGY DEMAND 

t o t a l  demand C 
by end-use C 

EQU l PMENT 

HEAT I NG/COOL I NG BY ZONE 

system type  
f u e l  t ype  
equipment e f f i c i e n c y  
ra ted  capaci t i es 
t o t a l  consumption 
peak consumption 
de l i very temperatures 
c o n t r o l  s t r a t e g i e s  
se tpo in t ,  deadband 
hours o f  opera t ion  

VENTILATION 

economizer R 
f l w r a t e s  0 
exhaust fans e f f i c i e n c y  0 

PROCESS 

computers 
e l eva to rs  

MICROCLIMATE 
f low R 
temperature ( i n  A o u t )  R 

LIGHTING 

l i g h t i n g  e f f i c i e n c y  0 



TABLE 4.4. ( con td )  

Pub l i c  
Pol i c v  

Bu i l d i ng  
Des i gners 

Bui l d i ng  
Researchers 

Equ i pment 
Deve l OD. 

Contro l  
Strategy U t i l i t i e s  Measurement 

BU I LD I NG SHELL 

component UA 
windcm area/ locat ion 
window transmittance 
w i ndow absorbance 
capacitance 
i n f i l t r a t i o n  r a t e  
bu i l d i  ng heat loss coef. 
door/w i ndw operat ion 
window covers 
ex te r i o r  re f lec tance 
dimensions o f  wal is, 

i n t e r i o r  spaces, s h e l l  

l NDOOR ENV l RONMENT (BY ZONE 

dry bu l b temperature 
re1 a t  i ve humi d i t y  
a i r  qua l i t y  0 
l i g h t i n g  q u a l i t y  0 
a i r  movement 0 
i n t e r i o r  vegetation A 
i n t e r i o r  fountains A 
f i replaces,  woodstoves, A 

kerosene heaters 

OCCUPANCY 

number of peop l e 
bldg. operation hrs/wk 
c leani  ng hours 
work schedu l es 
a c t i v i t i e s  
smoki ng r u  1 es 
iocat  ion of occupancy 
maintenance protocol  

SITE ENVIRONMENT 

topography A 
wind shading A 
so lar  shading R 
vegetation type/s l ze A 
re f lec tance A 
ground a 1 bedo A 

E - data avai iab le  from e x i s t i n g  source. 
A - data obtained from observation or  bu i l d i ng  audit. 
0 - data obtained from a one-ti me test. 
R - data obtained from recur rent  t e s t s  or  measurements. 
C - data obtained from continuous measurements (hourly or sub-hourly 1. 



key l e t t e r s  used in Table 4.4. A blank in the table indicates that  collection 

of the data type i s  considered t o  be either unnecessary, or a low priority for 
the particular research area. The determination of the type of measurements 

required was based u p o n  recommendations o f  the technical advisory committee and 
discussions with professionals working in the appropriate research areas. 

4 

4.3 PERFORMANCE FACTORS 

Continuous metering and hourly data col 1 ection yiel ds an overwhelming 
A quantity of data. Since th is  data i s  time consuming t o  process, many of the 

users of metered data desire data summaries. Therefore, t o  ensure widespread 

use of the data, i t  i s  necessary t o  develop appropriate summary s t a t i s t i c s  on 

the building's energy re1 ated performance. The selection of  s t a t i s t i c s  for 

summarizing the data must be carefully made, since the summaries must n o t  only 

convey the information most frequently desired, b u t  a1 so retain the s ignif i -  
cance of the hourly end-use resolution. These s t a t i s t i c s ,  or measures, are 
cal led "performance factors". A performance factor re1 ates energy consumption 
t o  a building's characteristic( s )  cl imatol ogical condition( s )  , or other nor- 
malizing factors. The performance factors do n o t  represent the total package 
of analyses that can and  should be done on each building. They represent a 
minimum amount of reduction and normalization of the data that should be con- 
current with the data collection process. The following discussion of  perform- 
ance factors was developed in cooperation with the Architectural Energy Cor- 
poration under contract t o  PNL.  

The performance factors have been divided i  nto five categories: energy 
consumption and peak demand (4.3.1), energy performance ratios (4.3.2), equip- 
ment and component efficiencies (4.3.3), building shell parameters (4.3.4),  and 
indoor thermal comfort measures ( 4 . 3 . 5 ) .  The f i r s t  two categories are primar- 
i l y  derived from the continuous measurements. Equipment efficiencies are most + 

likely t o  be based upon one-time t e s t s ,  although they can also be based upon 

continuous measurements. The fourth category, building shell parameters, i s  
C based upon either data collected from the building audit, or one-time tes t s .  

The f i f th  category, indoor comfort, i s  derived from continuous measurement b u t  



i s  n o t  l i n k e d  t o  a b u i l d i n g  c h a r a c t e r i s t i c .  Each o f  these f i v e  ca tego r i es  i s  

b r i e f l y  reviewed i n  t h e  f o l l o w i n g  paragraphs. 

4.3.1 Energy Consumption and Peak Demand 

The most bas i c  energy performance f a c t o r  i s  t he  t o t a l  b u i l d i n g  energy con- 

sumption, which can be separated by end use i n t o  heat ing,  coo l ing ,  v e n t i l a t i n g ,  * 
1 i g h t i  ng , water heat ing,  and o the r  energy use. End-use energy consumpti on 

needs t o  be aggregated and normal ized over  t ime  per iods  l a r g e r  than one hour. 

Three recommended t ime  per iods  are:  d a i l y  ( f o r  se lec ted  days o f  t h e  year ) ,  4. 

monthly,  and y e a r l y .  The days se l  ec ted  should i n c l  ude a t y p i c a l  meteor01 o g i c a l  

weekday and weekend day i n  each season o f  t h e  year .  Typ ica l  meteoro log ica l  

days can be based on NOAA data.  I n  a d d i t i o n  t o  summaries by end use, summaries 

by f ue l  types a re  a l s o  des i r ed  by some researchers.  

Peak e l e c t r i c  demand i s  an impor tan t  element o f  commercial b u i l d i n g  energy 

cos ts .  It i s  use fu l  t o  know the  peak demand f o r  t h e  t o t a l  b u i l d i n g  and each 

end use f o r  each hour o f  t he  day. Th i s  i n d i c a t e s  t he  b u i l d i n g ' s  abso lu te  hour 

peak demand, as w e l l  as i t s  maximum demand a t  t h e  t ime o f  t h e  e l e c t r i c  u t i l i -  

t y ' s  peak, and t he  end-use breakdown i n d i c a t e s  which energy-using f u n c t i o n s  

d r i v e  t h e  peak loads.  Suggested performance f a c t o r s  a re  l i s t e d  i n  Table  4.5. 

4.3.2 Energy Performance Rat ios  

A s imple and widely-used method f o r  comparing b u i l d i n g  energy performance 

i s  t h e  c a l c u l a t i o n  o f  energy performance r a t i o s .  These r a t i o s  t ake  t h e  b u i l d -  

i n g  energy consumption, by end use o r  t o t a l ,  and normal ize accord ing  t o  number 

o f  occupants, f l o o r  area, c l ima te ,  e t c .  Th i s  technique e l i m i n a t e s  sources o f  

b i a s  and con fus ion  t h a t  a re  i n h e r e n t  i n  comparing t he  energy performance o f  

b u i l d i n g s  on t he  bas i s  o f  a s imple energy quan t i t y .  The c h a l l  enge o f  course, 

i s  t o  e s t a b l i s h  a s imple b u t  c o n s i s t e n t  bas i s  o f  comparison. For  most commer- 

c i a l  b u i l d i n g s ,  where 1 i g h t i n g  and i n t e r n a l  loads dominate t he  energy pro-  

cesses, t he  most c o n s i s t e n t  bas i s  i s  p robab ly  Btu/person - year .  For  m u l t i -  

fami l y  r e s i  d e n t i  a1 b u i  1 d ings where occupancy i s  1 ess dense, t h e  ~ t u / f t ~  - yea r  

bas i s  i s  probably  more appropr ia te .  Norma l i z ing  by c l i m a t e  ( ~ t u / f t ~  - DD 

(degree/day) o r  Btu/person -DD) i s  r e l e v a n t  o n l y  f o r  hea t i ng  energy use, and i s  



TABLE 4.5. Energy Consumption and Peak Demand Performance Factors 

Total Building Energ onsumption (Btulyr) , (~ tu l rno) ,  
(~ tu /hr - typica l  day) YaF 

End- s  Energy Consumption ( Btulyr) , (Btu/mo), (Btulhr-typical 
day ) Y a7 

Average hourly end-use energy consumption ( ~ t u l h r )  ( a )  

Average day-of-week end use and energy consumption ( B t ~ / d a y ) ( ~ )  
Heating 
Cool i  ng 
Ventilation 
Lighting 
Water Heating 
Other 

Peak Electric Demand by Time-of-Day ( W )  

End-Use Electric Demand by Time-of-Day ( W )  

Hourly End-Use ProfilesITypical DayISeason 

( a )  Also by fuel type. 

n o t  recommended for larger buildings that  are dominated by internal loads. 

Suggested normalized performance ratios are l i s ted  in Table 4.6. 

4.3.3 Equipment and Component Efficiencies 

Because of the importance of HVAC,  l ighting, and other equipment t o  com- 

mercial building energy use, equipment/component efficiencies are significant 

performance factors. HVAC equipment efficiency or coefficient of performance 

( C O P )  can often be a function of the temperature difference between the indoor 

and outside ambient environment. Such functions can usually be calculated or 

measured on a one-time basis and then integrated over the long-term by a simu- 

- <  
1 ation program or data acquisition system. 

Day1 ighting and other solar uti l ization efficiencies should be included in 

a building performance evaluation program, even i f  the program does n o t  focus . 
on buildings specifically designed t o  use solar energy. One reason i s  that  

establ i shi ng a conventional bui 1 ding data-base wi 11 make the resul t s  of sol ar 



TABLE 4.6. Energy Ra t io  Performance F a c t o r s  

Total  Energy Consumption-Normal i zed (Btulperson-yr  o r  ~ t u / f t ~ - ~ r )  

End-Use Energy Consumption-Normalized 

Heating (Btulperson-yr  o r  ~ t u l f t ~ - ~ r  o r  B t u / f t 2 - ~ ~ )  

Cool i ng ( Btulperson-yr  o r  ~ t u l f t ~ - ~ r )  

Venti 1 a t i o n  (Btulperson-yr  o r  ~ t u / f t ~ - ~ r )  

L igh t ing  ( w/f t2  o r  Btulperson-yr o r  ~ t u / f t ~ - ~ r )  

Water Heating (Btulperson-yr  o r  Btu / f t2 -yr  o r  Btulgal  ) 

Other (Btulperson-yr  o r  ~ t u / f t ~ - ~ r )  

o r  energy-conserving b u i l d i n g  moni tor ing more meaningful.  For example, i f  day- 

1 i g h t i n g  and v e n t i l a t i v e  c o o l i n g  save 20,000 Btu / f t2 -yr  i n  a s o l a r  b u i l d i n g ,  a 

d a t a  set of t h i s  type  would a1 low e s t i m a t i o n  o f  t h e  sav ings  t h a t  could  be 

accomplished i n  a more convent ional  b u i l d i n g .  Equipment r e l a t e d  performance 

f a c t o r s  a r e  1 i s t e d  i n  Table  4.7. 

4.3.4 Buil d i n s  She1 1 Parameters 

The thermal parameters  o f  t h e  b u i l d i n g  envelope a r e  themselves  impor tan t  

performance f a c t o r s .  These parameters  can g e n e r a l l y  be determined us ing one- 

t ime o r  shor t - term t e s t s .  B a s i c a l l y ,  t h e s e  parameters  i n d i c a t e  t h e  thermal 

response of t h e  b u i l d i n g  t o  outdoor  a i r  t empera tu re ,  indoor  a i r  t empera tu re ,  

and outdoor-to-indoor a i r  exchanges,  and s o l a r  o r  i n t e r n a l  h e a t  g a i n s .  Build- 

i ng she1 1 parameters  a r e  1 i s t e d  i n  Tab1 e 4.8. 

4.3.5 Indoor Thermal Comfort Measures 

Energy use and b u i l d i n g  c h a r a c t e r i s t i c s  a r e  n o t  the only  c r i t e r i a  f o r  

a s s e s s i n g  b u i l d i n g  thermal performance. The HVAC system must d e l i v e r  an 

a c c e p t a b l e  indoor  environment r e g a r d l e s s  of i t s  energy use. The s i m p l e s t  t h e r -  

mal comfort  measure i s  dry-bulb t empera tu re ,  expressed i n  terms o f  average 

d a i l y  maxima and minima. More s o p h i s t i c a t e d  comfor t  measures w i l l  account  f o r  
humidi t y ,  r a d i a n t  e f f e c t s ,  and a i r  movement. Indoor comfort  measures a r e  

l i s t e d  i n  Table 4.9. 



TABLE 4.7. Equipment and Component Performance Fac to rs  

Heat ing Ef f ic iencyICOP 

Cool ing Ef f ic iencyICOP 

Vent i  1 a t i  onIEconomi ze r  COP 

L i g h t i n g  E f f i c i e n c y  (LumensIW) 

Other Eff ic iency/COP 

TABLE 4.8. Bui 1 d i ng  She1 1 Performance Factors  

UA-Overal 1 ( B tu IF -y r )  

Bal ance P o i n t  Temperature (F) 

Heat ing 

Cool i ng 

Thermal Capacitance ( B tu IF )  

I n f i l t r a t i o n  Rate ( A i r  Changelhr) 

Vent i  1 a t i o n  Rate (cfm) 

Occupied 

Unoccupied 

TABLE 4.9. Indoor  Comfort Performance Fac to rs  

Dry-Bulb Temperatures (OF-Average D a i l y  Extremes) 

Wet-Bul b Temperatures (OF-Average D a i l y  Extremes) 

4.3.6 Summary o f  Performance Fac to rs  

It i s  recommended t h a t  any metered data c o l l e c t i o n  o r  a n a l y s i s  e f f o r t s  

cons ider  us ing  the  preceding f a c t o r s  as measures o f  b u i l d i n g  performance. It 

i s  be l ieved  t h a t  t h e  performance f a c t o r s  p rov i de  a format  f o r  ana lyz ing  b u i l d -  

i n g  energy consumption data t h a t  i s  use fu l  t o  a wide range o f  research needs. 
- 4  

I t  a lso  prov ides a bas i s  f o r  qu ick  comparisons o f  data from d i f f e r e n t  mete r ing  

p ro j ec t s .  





5.0 DOCUMENTATION OF METERED DATA INVENTORY 

Documentation o f  t h e  data  c o l l e c t e d  i n  t h e  i n v e n t o r y  e x i s t s  i n  t h r e e  

sources. The i n f o r m a t i o n  c o l l e c t e d  through t h e  survey, phone con tac ts ,  and 

meet ings a r e  a l l  recorded on t h e  form i n c l u d e d  i n  Appendix A. These forms a r e  

p a r t  o f  t h e  p r o j e c t  records ma in ta ined  a t  PNL. The second a r c h i v e d  source o f  
7 

i n f o r m a t i o n  i s  a  microcomputer data  base t h a t  c o n t a i n s  most o f  t h e  i n f o r m a t i o n  

on t h e  survey forms. T h i s  r e p o r t  i s  t h e  t h i r d  source o f  documentation. 

* b  

5.1 DESCRIPTION OF DATA BASE 

Sec t ion  3  i n c l u d e s  a  d e s c r i p t i o n  o f  t h e  approaches employed t o  i n v e n t o r y  

e x i s t i n g  sources o f  metered data. Metered data  i d e n t i f i e d  a t  these mu1 t i p 1  e  

sources were summarized i n  a  s tandard ized  fo rmat  and en te red  i n t o  a  microcom- 

p u t e r  data  base. A l l  comprehensive end-use metered data  from t y p i c a l  commer- 

c i a l  b u i l d i n g s  a re  i n c l u d e d  i n  t h e  da ta  base. Data c o n s i s t i n g  o f  o n l y  t o t a l  

energy consumpti on o r  se l  ec ted  end-use metered data  i n  commerci a1 b u i  1  d ings  a r e  

n o t  i n c l u d e d  i n  t h e  da ta  base - i f  t h e  p r o j e c t  i s  a1 ready i n c l u d e d  i n  another  

pub1 i shed inven to ry .  These p r o j e c t s  were n o t  i n c l u d e d  because they a re  o u t s i d e  

t h e  p r o j e c t  scope (who1 e - b u i l  d i n g  end-use m e t e r i n g  o f  t y p i c a l  comniercial b u i l  d- 

i n g s )  and i n c l u s i o n  would be an unnecessary d u p l i c a t i o n  o f  e f f o r t .  

One disadvantage o f  t h e  data  base i s  t h a t  f o r c i n g  t h e  data  c o l l e c t e d  i n t o  

t h e  s tandard ized format  d i d  n o t  a l l o w  a l l  t h e  d e t a i l s  o f  a  p r o j e c t  t o  be 

recorded. Occas iona l ly ,  i t  was d i  f f i c u l  t t o  c h a r a c t e r i z e  a  p r o j e c t  g i ven  t h e  

"s tandard ized"  d e s c r i p t o r s .  

Summaries o f  t h e  i n f o r m a t i o n  con ta ined  i n  t h e  data  base a r e  i n c l u d e d  i n  

Tables 3.1, 3.2, and 3.3 and i n  Appendix B. The f o l l o w i n g  documentation i s  

p rov ided  t o  a s s i s t  researchers  i n  u s i n g  t h e  data  base. I n  a d d i t i o n ,  PNL 
4 i n t e n d s  t o  con t inue  t o  update and p o s s i b l y  expand t h e  data  base t o  i n c l u d e  

b u i l d i n g  d e s c r i p t o r s  and performance f a c t o r s  p e r t a i n i n g  t o  metered data  sets .  

T h i s  data  base i s  ma in ta ined  i n  t h e  p u b l i c  domain. 

The data  base was developed on an IBM personal  computer u s i n g  t h e  M I C R O R I M  

data  base sof tware.  M I C R O R I M  i s  a  r e l a t i o n a l  data  base management system t h a t  

i s  compat ib le  w i t h  R I M ,  a  mainframe package; thus  t h e  data  can be e a s i l y  



adopted t o  use on a  mainframe computer. The d e f i n i t i o n s  and s t r u c t u r e  o f  t h e  

data base, a long w i t h  t h e  data, a re  s t o red  on a  5  114 i n c h  d i s k e t t e  us ing  t h e  

PC DOS format.  The M I C R O R I M  sof tware i s  necessary t o  access and add data t o  

t he  data base. The f o l l o w i n g  d e s c r i p t i o n  o f  t he  s t r u c t u r e  o f  the  da ta  base i s  

p rov ided  t o  a s s i s t  da ta  base users  who a re  a l ready  f a m i l i a r  w i t h  t h e  R I M  o r  

M I C R O R I M  sof tware.  

The data base c o n s i s t s  o f  coded answers t o  t h e  quest ions on t h e  survey 

shown i n  Appendix A and i n f o rma t i on  on each o f  t he  con tac ts  made. There a re  

f o u r  p a r t s  t o  t h e  da ta  base. Each p a r t  i s  r e f e r r e d  t o  as a  " r e l a t i o n , "  a  group 

o f  r e l a t e d  data. Each datum i s  r e f e r r e d  t o  as an a t t r i b u t e .  Thus, a  r e l a t i o n  

i s  composed o f  a t t r i b u t e s .  The f o u r  re1  a t i o n s  are:  MAIL, CONTACTS, METER, and 

SURVEY. The f o u r  r e l a t i o n s  a re  l i n k e d  by a  common i d e n t i f i c a t i o n  number, which 

i s  t he  a t t r i b u t e  " I D " .  Each c o n t a c t  i s  assigned a  unique I D  and a1 1  documenta- 

t i o n  assoc ia ted w i t h  each con tac t  share t h e  same I D .  The f o u r  r e l a t i o n s  a re  

b r i e f l y  descr ibed be1 ow. 

The r e l a t i o n  MAIL con ta i ns  t h e  name, t i t l e ,  company name, address and 

phone number o f  each person contacted i n  t h e  data survey. The r e l a t i o n  CON- 

TACTS con ta ins  i n f o r m a t i o n  on whether t h e  c o n t a c t  was made by survey, by m a i l ,  

by our  consu l t an t  A r c h i t e c t u r a l  Energy Corpora t ion  (AEC), through j o u r n a l  

advert isements,  o r  i n  a  meet ing.  I f  t h e  c o n t a c t  was made by survey, then t h e r e  

i s  a  n o t a t i o n  on whether t he  survey was re turned.  The r e l a t i o n  SURVEY con ta i ns  

i n f o rma t i on  used t o  descr ibe  each mete r ing  p r o j e c t .  Th i s  i n f o r m a t i o n  i nc l udes  

t he  name o f  t h e  p r o j e c t ,  t he  con tac t  person, t he  l o c a t i o n  o f  t h e  p r o j e c t ,  and 

t h e  types o f  b u i l d i n g s  metered. The r e l a t i o n  METER descr ibes each mete r ing  

p r o j e c t  by t he  t ime  r e s o l u t i o n  o f  t he  c o l l e c t e d  data, t he  technique used t o  

c o l l e c t  t he  data, t h e  da ta  a v a i l a b i l i t y ,  and t h e  types o f  da ta  c o l l e c t e d .  

5.2 DATA BASE STRUCTURE 

The s t r u c t u r e  and t h e  i n f o rma t i on  con ta ined  w i t h i n  t h e  da ta  base a re  shown 

i n  Table 5.1. There a re  t h ree  column headings i n  Table 5.1. The f i r s t  heading 

" r e l a t i o n "  shows t h e  r e l a t i o n s  t o  which t h e  a t t r i b u t e  i s  assigned. The second 

column i s  t he  a t t r i b u t e  name, a  v a r i a b l e  name i n  t he  data base. The t h i r d  

column i s  a  d e s c r i p t i o n  o f  what the  v a r i a b l e  represents .  



TABLE 5.1. Data Base Var iab les  

Re1 a t i o n  A t t r i b u t e  

Meter,  Mail ID 
Survey, Contact  

Mai 1 Class  

Mail , Contact  

Mail 

Mail , Contact  
Survey 

Mai 1 

Mai 1 

Mai 1 

Mai 1 

Mail,  Contact  

Contact  

Name 

T i t l e ,  T i t l e  1 

Comp. Name 

Address 

Ci ty  

S t a t e  

Zip 

Phone 

Con. needed 

Contact  Q .  Mailed 

Contact  Q .  Received 

Survey Company 

Survey, Meter Prog. Name 

Survey Prog. Con. 

Survey Con. Phone 
' 4  

Survey Bl dg.  Typ. 

Survey Location 
s 

Survey S t a r .  Per.  

Survey End. Per.  

A t t r i b u t e  Descr ip t ion  

Number ass igned  t o  each c o n t a c t  o r  meter ing 
p r o j e c t  

Type of c o n t a c t  ( u t i l  i t y ,  eng ineer ing  firm, 
e t c  .) 

Name of  c o n t a c t  

P rofess iona l  t i t l e  o f  c o n t a c t  

Name of  Company 

S t r e e t  address  of c o n t a c t  

C i  t y  

S t a t e  

Zip Code 

Phone number 

Status-whether i t  i s  necessary  t o  c o n t a c t  
t h e  ind iv idua l  

I n d i c a t e s  how c o n t a c t  was made 

I n d i c a t e s  whether q u e s t i o n n a i r e  was 
re tu rned  

Company which d id  meter ing 

Name of meter ing p r o j e c t  

Contact  person f o r  meter ing p r o j e c t  

Phone number of c o n t a c t  

B u i  1 d ing type  metered 

Location of b u i  1 d ings  metered 

Date when meter ing s t a r t e d  

Date when meter ing ended 



TABLE 5.1. ( c o n t d )  

Re1 a t i  on A t t r i b u t e  A t t r i b u t e  D e s c r i p t i o n  

Pleter Data Type D e s c r i p t i o n  o f  metered d a t a  c o l  1  e c t e d  

Meter  Data A v a i l  . Whether t h e  d a t a  i s  i n  t h e  p r i v a t e  o r  
pub1 i c  domai n  

Meter  P I .  Tech. How t h e  d a t a  was c o l l e c t e d  

Meter  Time. Res. The t i m e  r e s o l u t i o n  o f  t h e  me te r  da ta  

I n  o r d e r  t o  s i m p l i f y  t h e  e n t r y  o f  d a t a  a  s e t  o f  da ta  e n t r y  forms were 

developed. These forms can be c a l l e d  t o  t h e  computer screen u s i n g  t h e  "ENTER" 

command i n  RBASE. There a r e  f o u r  forms, one f o r  each r e l a t i o n .  The form names 

and t h e i r  correspondence t o  t h e  r e l a t i o n s  a r e  l i s t e d  i n  Tab le  5.2. Use o f  t h e  

forms f o r  e n t e r i n g  t h e  da ta  i s  recommended, s i n c e  code l e t t e r s  and numbers a r e  

used f o r  t h e  f o l l o w i n g  a t t r i b u t e s :  "CLASS", " Q .  MAILED", "DATA TYP", "DATA, 

AVA" ,  "M. TECH", and "TIME. RES". The codes a r e  e x p l a i n e d  on t h e  d a t a  e n t r y  

form. An example o f  t h e  d a t a  e n t e r e d  f o r  a  m e t e r i n g  p r o j e c t  i s  p r o v i d e d  i n  

Tab les  5.3 and 5.4. The example p r o v i d e d  i s  f o r  t h e  m e t e r i n g  o f  an o f f i c e  

b u i l d i n g  by  P a c i f i c  Nor thwest  Labora to ry .  Tab les  5.3 and 5.4 shows t h e  d a t a  

e n t r y  forms f o r  t h e  r e l a t i o n s  SURVEY and METER, r e s p e c t i v e l y .  These forms were 

completed f o r  each p r o j e c t  i n  t h e  d a t a  base. 

TABLE 5.2. Data E n t r y  Forms 

Form Name Re1 a t i o n  

Con tac t  Con tac ts  

M a i l i s t  r l a i  1  

Q u e s t  1 Survey 

Q u e s t  2 Meter  



TABLE 5.3 .  S u r v e y  D a t a  E n t r y  F o r m  

T H I S  FORM I S  THE F I R S T  PART OF THE DATA ENTRY 
FROM THE QUESTIONNAIRE 

I D  NUMBER: 118 
COMPANY NAME~PACIFIC NORTHWEST LABORATORY (NOT NECESSARY IF THERE IS AN ID) 

NAME OF PROJECT: SIGMA I V  METERING PROJECT 
CONTACT PERSON: JAMES H E I D E L L  
CONTACT PERSON PHONE NUMBER: ( 5 0 9 )  3 7 6 - 4 7 3 8  
B U I L D I N G  TYPE:SMALL O F F I C E  
LOCATION:RICHLAND, MA 
DATE METERING STARTED (MM/DD/Y R)  : 0 4 / 0 1 / 8 3  
DATE METERING ENDED (MFI/DD/Y R )  : 

NOTE: THE I D  NUMBER I S  IMPORTANT TO TRACK DATA 
CHECK M A I L I N G  L I S T  TO SEE WHETHER AN I D  
HAS BEEN ASSIGNED 

TABLE 5.4. M e t e r  D a t a  E n t r y  F o r m  

T H I S  FORM I S  USED TO CHARACTERIZE METERED DATA 

PROJECT I D :  118 PROJECT NAME : SIGMA I V  METERING STUDY 

TYPE OF DATA:29 CODE CODE 

TOTAL CONSUMPTION 1 END-USE CONSUM. 2 1  

TOTAL & END-USE & 
BLDG CHAR 2 BLDG CHAR 2 2 
BLGG OPER 3 BLDG. OPER 2 3  
MICRO C L I M  4 MICRO C L I M A T E  2 4  
E Q U I P  PERFORM 5 E Q U I P .  PERFORM 2 5  
A L L  ABOVE 6 A L L  ABOVE 26 

CHAR, PERFORM 7 CHAR, PERFORPI 2 7  
C L I M ,  PERFORM 8 C L I M ,  PERFORPI 2 8  
CHAR, C L I M  9 CHAR, C L I M  2 9  
CHAR, OPER 10 CHAR, OPER 3 0 
OPER, PERFORM 11 OPER, PERFORM 3 1  

CHAR, CL IM,  PERFOR 1 2  CHAR, C L I M ,  PER 32 
CHAR, OPER, PERFOR 13 CHAR, OPER, PER 3 3  

DATA A V A I L A B I L 1 T Y : l  CODE 

P U B L I C  DOMAIN 1 
PROPRIETARY 2 

METERING TECHNIOUE:4 CODE 

MANUAL RECORDS 1 
S T R I P  CHART RECORDER 2 
U T I L I T Y  DEMAND FIETER 3 
MICROPROCESSOR 4 

RESOLUTION OF DATA:2 CODE 

SUB-HOURLY 1 
HOURLY 2 
D A I L Y  3 
MONTHLY 4 





6.0 SUMMARY OF END-USE METERING PROJECTS MEETING PROGRAM CRITERIA 

Table 2.1 l i s t s  39 data sets  which a t  a  minimum con ta in  use fu l  end-use 

metered data. Th is  sec t i on  b r i e f l y  summarizes t h e  subset o f  those meter ing 

p r o j e c t s  where meter ing took p lace f o r  a  one year  per iod.  A one year  pe r i od  i s  

necessary i n  order  t o  examine an impor tant  component o f  b u i l d i n g  energy 

ana lys is :  t h e  impact o f  c l ima te  on b u i l d i n g  energy use. Th is  c o n s t r a i n t  e l im-  

i n a t e d  an a d d i t i o n a l  f i f t e e n  b u i l d i n g s  from t h e  l i s t .  The summaries p rov ide  a  

b r i e f  bu i  l d i  ng d e s c r i p t i o n  as we1 1 as end-use energy consumption data. 

6.1 PROJECT ON RESTAURANT ENERGY PERFORMANCE 

The P r o j e c t  On Restaurant Energy Performance (PREP) invo lved  mete r i  ng o f  

seven res tauran ts  i n  t he  Northeast Un i ted  States by P a c i f i c  Northwest Labora- 

t o r y  i n  con junc t ion  w i t h  t h e  Nat iona l  Restaurant Assoc ia t ion and Pennsylvania 

S ta te  Un i ve r s i t y ,  The seven res tauran t  types metered as we l l  as a  b r i e f  

d e s c r i p t i o n  o f  t h e  res tauran t  c h a r a c t e r i s t i c s  are shown below i n  Table 6.1. 

TABLE 6.1. Restaurants Metered 

Restaurant Type 

f a s t  food 1  i m i  t ed  menu 

f a s t  food expanded menu 

c a f e t e r i  a  

p i zza  

co f f ee  shop 

d inner  house l i m i t e d  menu 

d inner  house expanded menu 

Square F t  

3,090 

2,750 

10,152 

2,275 

4,210 

% K i tchen 

50 

6 0  

Space Heat Fuel 

e l e c t  r i  c a l  

gas 
e l  e c t  r i  c a l  

e l e c t r i c a l  

heat-pump 

e l e c t  r i  c a l  

' q  The seven f a c i l i t i e s  were metered between t he  pe r i od  o f  Ju ly ,  1983 and 

June, 1984. End-use energy consumption as we l l  as micro c l ima te  data was c o l -  

1  ected and a rch i  ved on a  15 minute aggregat ion per iod.  Deta i  1 ed documentation 
C 

i n c l u d i n g  a  d e s c r i p t i o n  o f  t h e  meter ing equipment, t he  f a c i l i t i e s  metered, and 



t h e  d a t a  c o l l e c t e d  a r e  a v a i l a b l e  and t h e  re fe rences  a r e  i n c l u d e d  i n  t h e  b i b 1  i o -  

graphy. I n  t h i s  s e c t i o n ,  t h e  f a c i l i t i e s  a r e  b r i e f l y  desc r ibed  and summaries o f  

t h e  da ta  a r e  prov ided.  The seven r e s t a u r a n t s  were s e l e c t e d  t o  r e p r e s e n t  a  

range o f  f a c i l i t i e s .  The r e s t a u r a n t  t y p e s  are: f a s t  food l i m i t e d  menu, f u l l  

s e r v i c e  r e s t a u r a n t ,  c o f f e e  shop, c a f e t e r i a ,  p i z z a  house, f a s t  food extended 

menu, and a  f u l l  s e r v i c e  l i m i t e d  menu f a c i l i t y .  

The da ta  a r e  a v a i l a b l e  i n  a  number o f  formats.  The f i e l d  d a t a  a r e  a v a i l -  

a b l e  i n  an ASCII fo rmat  which has channel by channel da ta  a t  f i f t e e n  m i n u t e  

i n t e r v a l s .  I n  a d d i t i o n ,  ASCII f i l e s  which have t h e  d a i l y  t o t a l s  f o r  each 

channel a r e  a1 so a v a i l a b l e .  The documentat ion o f  t h e  p r o j e c t  i n c l u d e s  s e v e r a l  

summary r e p o r t s  o f  t h e  data. 

6.1.1 Fast  Food 

The f a s t  f ood  l i m i t e d  menu f a c i l i t y  l o c a t e d  i n  P h i l a d e l p h i a  i s  a  one s t o r y  

3100 square f o o t  b u i l d i n g  b u i l t  on a  s lab .  The w a l l  l a y e r s  c o n s i s t  o f  b r i c k ,  

plywood, 3  1 /2  i n c h  b a t t  i n s u l a t i o n ,  and GYP board. The r e s t a u r a n t  i s  open 

362 days a  y e a r  f rom 7:00 a.m. t o  1 1 : O O  p.m. Sunday - Thursday and 7:00 a.m. t o  

m i d n i g h t  on F r i d a y s  and Saturdays.  There i s  a  l i m i t e d  b r e a k f a s t  menu and f o r  

t h e  r e s t  o f  t h e  day t h e  menu c o n s i s t s  p r i m a r i l y  o f  hamburgers, s p e c i a l t y  sand- 

wiches, f r e n c h  f r i e s ,  s o f t  d r i n k s ,  and m i l k  shakes. 

The r e s t a u r a n t  uses n a t u r a l  gas f o r  b r o i l i n g  and f r y i n g  foods. Food 

b r o i l i n g  i s  done w i t h  a  c h a i n  b r o i l e r  which opera tes  c o n t i n u o u s l y  d u r i n g  

r e s t a u r a n t  o p e r a t i o n .  N a t u r a l  gas i s  a l s o  used f o r  h o t  wa te r  hea t ing .  Hot  

wa te r  i s  p r i m a r i l y  used f o r  c l e a n i n g  t h e  r e s t a u r a n t  s i n c e  t h e r e  i s  no d i s h  

washing. The r e s t a u r a n t  HVAC equipment i n c l u d e s  f i v e  r o o f t o p  h e a t i  ng /coo l  i ng 

u n i t s  and b r o i l e r  and f r y e r  hood fans.  The end-use energy summary f o r  t h i s  

b u i l d i n g  i s  shown i n  Tab le  6.2. 

6.1.2 F u l l  S e r v i c e  Restaurant  

The f u l l  s e r v i c e  r e s t a u r a n t  i s  l o c a t e d  i n  S p r i n g f i e l d ,  V i r g i n i a .  The 

9500 square f o o t  f a c i l i t y  i n c l u d e s  t h r e e  d i n i n g  rooms and a  l a r g e  bar. The 

r e s t a u r a n t  i s  open 363 days a  y e a r  w i t h  a  weekday schedule o f  11 :30 a.m. t o  

2:30 p.m. f o r  l u n c h  and 5:30 p.m. t o  10:OO p.m. f o r  d inne r .  On weekends t h e  

schedule i s  5:30 p.m. t o  1 1 : O O  p.m. The b u i l d i n g  equipment i n c l u d e s  f o u r  



TABLE 6.2. F a s t  Food ( l i m i t e d  menu - 3100 sq f t )  

MONTH FOOD SANITA- REFRIG- L I G H T I N G  HVAC TOTAL KBTU/ CUSTOMER HOT WATER 
PREP T I O N  E RAT I ON SFT COUNT GALLONS 

J U L  
AUG 
SEP 
OCT 

OI 
NOV . 

W 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
J UN 
AVG 

TOTAL 



r e f r i g e r a t o r s ,  one w a l k - i n  f r e e z e r ,  one i c e  machine, gas h o t  wa te r  and d i s h  

washing equipment, and p r i m a r i l y  gas food  p r e p a r a t i o n  equipment except  f o r  an 

e l e c t r i c  beef  oven, steamer, and c o f f e e  maker. The HVAC equipment c o n s i s t s  o f  

f i v e  gas h e a t i n g  u n i t s  and f i v e  e l e c t r i c  a i r  c o n d i t i o n e r s .  The mon th l y  end-use 

energy p r o f i l e s  f o r  t h i s  r e s t a u r a n t  a r e  shown below i n  Tab le  6.3. 

6.1.3 Cof fee Shop 

The c o f f e e  shop i s  l o c a t e d  i n  Lancaster ,  Pennsylvania.  The one s t o r y  

4210 square f o o t  f a c i l i t y  i s  open 363 days a  y e a r  w i t h  an extended summer hour  

schedule. The w i n t e r  schedule i s  7:00 a.m. t o  1 1 : O O  p.m. on Sundays th rough  

Thursdays and 7:00 a.m. t o  m i d n i g h t  on F r i d a y s  and Saturdays.  I n  t h e  summer 

t h e  f a c i l i t y  c l o s e s  one hour l a t e r ,  The HVAC equipment i n c l u d e s  two e l e c t r i c  

heat  pumps w i t h  back-up r e s i s t a n c e  hea t ing .  I n  a d d i t i o n ,  t h e r e  a r e  two exhaust  

fans :  one f o r  t h e  g r i l l  and one f o r  t h e  f r y e r .  

The r e s t a u r a n t  o f f e r s  a  f i x e d  menu i n c l u d i n g  b r e a k f a s t  i t ems  such as eggs, 

hashbrowns, and j u i c e s  and a  l u n c h / d i n n e r  menu c o n s i s t i n g  o f  sandwiches, soups, 

salads,  and a  few d i n n e r  p l a t t e r s .  Most o f  t h e  food d e l i v e r e d  t o  t h e  res tau -  

r a n t  i s  pre-packaged and f rozen.  The s p e c i a l t y  f o r  t h e  r e s t a u r a n t  i s  i c e  

cream. L i t t l e  energy i s  used f o r  f ood  p r e p a r a t i o n .  Monthly end-use energy 

consumption f o r  t h i s  f a c i l i t y  i s  shown below i n  Tab le  6.4. 

6.1.4 C a f e t e r i a  

The c a f e t e r i a  r e s t a u r a n t  i s  a  10,150 square f o o t  b u i l d i n g  l o c a t e d  i n  

Wi l l iamsburg ,  V i r g i n i a .  The c a f e t e r i a  i s  open f o r  b r e a k f a s t  f rom 7:00 a.m. t o  

10:OO a.m. March 15 th rough  November 4. Lunch and d i n n e r  hours f o r  t h a t  t i m e  

p e r i o d  a re  11:30 a.m. t o  9:00 p.m. Dur ing  t h e  r e s t  o f  t h e  y e a r  o n l y  l u n c h  and 

d i n n e r  a r e  served and t h e  r e s t a u r a n t  i s  open f rom 11:30 a.m. t o  8:00 p.m. The 

menu i n c l u d e s  d e s s e r t s  f rom an o n - s i t e  bakery,  salads,  en t rees,  s i d e  d ishes,  

breads, and non-a lcoho l  i c  beverages. T h i s  f a c i  1  i t y  uses a  l a r g e  amount o f  

energy f o r  food p r e p a r a t i o n  due t o  t h e  bakery  and t h e  need t o  keep t h e  food a t  

p roper  temperatures  i n  t h e  s e r v i n g  l i n e .  

The c a f e t e r i a  uses o n l y  e l e c t r i c i t y .  The energy consuming equipment f o r  

food p r e p a r a t i o n  i n c l u d e s  t h e  f o l l o w i n g :  two g r i l l s ,  t h r e e  f r y e r s ,  two bake 



MONTH 

TABLE 6.3. Dinner House ( f u l l  menu - 9500 sq f t )  

FOOD 
PREP 

JULY 
AUG 
SEPT 
OCT 
NOV 
D EC 
JAN 
FEB 
MAR 
APR 
MAY 
J UN 
AVG 

SANITA- 
TION 

- - - - - - - - - - 
58304 
65905 
76092 

102445 
118655 
13771 1 
141077 
12301 9 
136949 
1 19398 

93550 
81 145 
78391 

REFRIG- LIGHTING 
ERAT I O N  

33498 49201 
34886 48889 
31330 47781 
28687 50088 
26695 47983 
27160 48816 
27945 50031 
25960 46786 
27499 51738 
28653 48604 
30254 49527 
30828 48010 
23560 36716 

H VAC TOTAL 

- - - - - - - - - - 
41 3766 
43281 4 
39551 5 
394976 
400846 
510715 
536760 
44081 9 
475703 
38881 3 
401 731 
424721 
34781 2 

KBTU/ CUSTOMER 
SFT COUNT 

44 27146 
46 28281 
42 26275 
42 29128 
42 29645 
54 29729 
57 27002 
46 11488 
50 29815 
41 26415 
42 28615 
45 28781 
37 21488 

TOTAL 1695544 1254250 353395 587454 1326536 521 71 79 551 322320 



TABLE 6.4. Coffee Shop (4210 s q  f t )  

MONTH FOOD SANITA-  REFRIG- L I G H T I N G  HVAC TOTAL KBTU/  CUSTOMER HOT WATER 
PREP T I O N  E R A T I O N  SFT COUNT GALLONS 

J U L  
AUG 
SEP 
OCT 
NOV 
DEC 
J A N  
FEB 
MAR 
APR 
MAY 
JUN 
AVG 

TOTAL 



ovens, f o u r  ranges, and a  steam b o i l e r .  The steam b o i l e r  i s  a l s o  used f o r  

s a n i t a t i o n  a long w i t h  two h o t  water  heaters ,  a  d rye r ,  a  washer, and a  d i s h -  

washer. R e f r i g e r a t i o n  equipment i n c l u d e s  t h e  f o l l o w i n g :  two i c e  machines, a  

w a l k - i n  f r e e z e r ,  t h r e e  w a l k - i n  coo le rs ,  and t h r e e  reach - in  r e f r i g e r a t o r s .  HVAC 

energy i s  s u p p l i e d  by t h r e e  r o o f - t o p  u n i t s  w i t h  back-up duc t  heaters .  The 
b month ly  end-use energy p r o f i l e s  f o r  t h i s  b u i l d i n g  a r e  shown below i n  Tab le  6.5. 

6.1.5 P i z z a  House 

h The one s t o r y  2210 square f o o t  r e s t a u r a n t  i s  l o c a t e d  i n  Bensalem townsh ip  

n o r t h  o f  P h i l a d e l p h i a .  The r e s t a u r a n t  i s  open 363 days a  yea r  f rom 12:OO p.m. 

t o  11:OO p.m. on Sundays, 11:OO a.m. t o  11:OO p.m. Mondays th rough  Thursdays, 

and 11:OO a.m. t o  1:00 a.m. on F r i d a y s  and Saturdays.  Dur ing  w i n t e r  hours 

(Labor  day th rough  May) t h e  r e s t a u r a n t  c loses  a t  12:00 a.m. on F r i d a y s  and 

Saturdays.  The menu c o n s i s t s  p r i m a r i l y  o f  p i z z a  w i t h  a  l i m i t e d  s e l e c t i o n  o f  

p a s t a  d ishes,  sandwiches, and a  sa lad  bar.  The dough i s  made f rom s c r a t c h  and 

t h e  p i z z a  oven i s  t h e  p r imary  energy consumer. The oven, which consumes 

approx ima te l y  28% o f  t h e  e n t i  r e  energy consumpti on, i s  opera ted c o n t i n u o u s l y  

f rom opening t o  c l o s i n g .  

The o n l y  f u e l  source i s  e l e c t r i c i t y .  The r e s t a u r a n t  has a  s i n g l e  HVAC 

u n i t  f o r  h e a t i n g  and coo l i ng .  Food p r e p a r a t i o n  equipment i n c l u d e s  t h e  p i z z a  

oven and a food warmer. S a n i t a t i o n  equipment i n c l u d e s  a  water  heater ,  a  h o t  

water  hea te r  booster ,  and a  dishwasher. Energy use o f  t h i s  f a c i l i t y  i s  shown 

below i n  Tab le  6.6. 

6.1.6 Fast  Food Extended Menu 

T h i s  3100 square f o o t  f a c i l i t y  i s  l o c a t e d  i n  W i l l i n g b o r o ,  New Jersey.  

T h i s  r e s t a u r a n t  serves l u n c h  and d i n n e r  363 days a  year .  The bus iness hours 

a r e  10:OO a.m. t o  m i d n i g h t  Sundays th rough  Thursdays and 10:OO a.m. t o  

1:00 a.m. on F r i d a y s  and Saturdays. Dur ing  w i n t e r  hours (Labor Day th rough  

May) t h e  r e s t a u r a n t  c loses  one hour e a r l  i e r .  The menu i n c l u d e s  hamburger 

i tems, r o a s t  beef  sandwiches, f r i e d  ch icken,  f rench f r i e s ,  s o f t  d r i n k s ,  m i  1  k  

shakes, and a  l i m i t e d  s e l e c t i o n  o f  desser ts .  Roast bee f  and ch i cken  a r e  d e l i v -  

ered d a i l y  and t h e  balance o f  t h e  food i s  f r o z e n  and cooked a t  t h e  r e s t a u r a n t .  



TABLE 6.5 .  C a f e t e r i a  ( 1 0 , 1 5 0  sq f t )  

MONTH FOOD SANITA-  R E F R I G -  L I G H T I N G  HVAC TOTAL KBTU/  CUSTOMER 
PREP T I O N  ERAT I O N  S F T  COUNT 

J U L  
AUG 
SEP 
OCT 
NOV 
D EC 
J A N  
FEB 
MAR 
APR 
MAY 
J U N  
AVG 

T O T A L  



TABLE 6.6. P i zza  House (2210 sq f t )  

MONTH FOOD SANITA- REFRIG- LIGHTING HVAC TOTAL KBTU/ CUSTOMER 
PREP TION ERATION SFT COUNT 

................................................................................. 
JUL 34876 17837 10278 12160 42885 118036 52 18639 
AUG 33755 17023 10149 12019 40737 113683 50 18596 
SEP 31379 16110 91 91 11602 32445 100727 44 19353 
OCT 31 741 16438 8462 11877 19907 88425 39 17650 
NOV 27614 15648 5175 11064 8388 67889 30 15878 
DEC 29067 17510 5035 12327 30532 94471 42 14099 
JAN 27866 21622 9382 12892 47989 119751 53 12805 
FEB 26996 14971 9501 12038 19693 83199 37 12890 
MAR 30618 18529 8952 12935 32301 103335 45 15257 
APR 2931 1 25667 9546 12933 12007 89464 39 14549 
MAY 30312 17418 10451 13709 20403 92293 41 14610 
JUN 28177 14620 10320 12986 35105 101208 44 12519 
AVG 30143 17783 8870 12379 28533 97707 43 15570 

TOTAL 361712 21 3393 106442 148542 342392 11 72481 51 5 186845 



The r e s t a u r a n t  uses bo th  gas and e l e c t r i c i t y .  HVAC energy i s  s u p p l i e d  by 

two r o o f - t o p  u n i t s .  One o f  t h e  u n i t s  serves t h e  d i n i n g  area w h i l e  t h e  o t h e r  

serves t h e  k i t c h e n .  The h e a t i n g  i s  w i t h  gas and t h e  c o o l i n g  i s  w i t h  e l e c t r i c -  

i t y .  A d d i t i o n a l  HVAC equipment i n c l u d e s  f o u r  fans :  t h r e e  exhaust  fans  and one 

make-up a i r  fan.  S a n i t a t i o n  equipment c o n s i s t s  o f  a  gas h o t  wa te r  h e a t e r  and 

t h e r e  i s  no dishwasher.  Food p r e p a r a t i o n  equipment i n c l u d e s  gas f r y e r s ,  g r i  11, 

and ovens. E l e c t r i c  f ood  p r e p a r a t i o n  equipment i n c l u d e s  a  s low cook oven, 

c o f f e e  maker, shake machine, and and i c e  cream machine. Month ly  end-use energy 

consumption i s  shown i n  Tab le  6.7. 

6.1.7 F u l l  S e r v i c e  L i m i t e d  Menu 

T h i s  6770 square f o o t  f a c i  1  i t y  i s  l o c a t e d  i n  A lexandr ia ,  VA and i n c l u d e s  

seve ra l  smal l  d i n i n g  rooms and a  bar .  The b u i l d i n g  i s  c o n s t r u c t e d  on a  s i x  

i n c h  conc re te  s l a b  and t h e  w a l l s  are  c o n s t r u c t e d  o f  4" b r i c k ,  8" c o n c r e t e  

b lock ,  and cement p l a s t e r .  The r e s t a u r a n t  serves l unch  and d i n n e r  and serves 

l u n c h  f rom 11:30 a.m.-2:00 p.m. on weekdays. D inner  hours a r e  5:00 p.m. t o  

10:OO p.m. Monday - Thursday, 5:00 p.m. t o  1 1 : O O  p.m. on F r i d a y s  and Saturdays,  

and noon t o  m i d n i g h t  on Sundays. The lunch  menu i n c l u d e s  sandwiches and 

ent rees.  En t rees  f o r  d i n n e r  and lunch  a r e  t y p i c a l l y  red  meats a l t h o u g h  f i s h  

and ch i cken  a r e  a l s o  a v a i l a b l e .  

The r e s t a u r a n t  uses o n l y  e l e c t r i c i t y  and k i t c h e n  equipment i s  l e f t  on f o r  

t h e  e n t i  r e  day. Food p r e p a r a t i o n  equipment i n c l u d e s  a  conven t ion  oven, t h r e e  

b r o i l e r s ,  and f o u r  ovens. The r e s t a u r a n t  has t h r e e  h o t  w a t e r  hea te rs ,  a  

boos te r  h e a t e r  f o r  t h e  dishwasher, and a  dishwasher. HVAC equipment i n c l u d e s  

t h r e e  r o o f - t o p  h e a t i n g  and c o o l i n g  u n i t s ,  two make-up a i  r fans,  and s i x  exhaust  

fans. The month ly  end-use energy p r o f i l e  i s  shown Tab le  6.8. 

6.2 JOLLY TIGER RESTAURANT 

The J o l l y  T i g e r  r e s t a u r a n t  i s  a  24 hour f a m i l y - s t y l e  r e s t a u r a n t  l o c a t e d  i n  

Co lon ie ,  New York. The b u i l d i n g  was metered by t h e  Atmospher ic Sciences 

Research Center, S t a t e  U n i v e r s i t y  O f  New York and W.S. F leming & Assoc ia tes ,  

I nc .  The p r o j e c t  was designed t o  t e s t  energy r e c l a m a t i o n  systems f o r  r e s t a u -  

r a n t s .  The r e c l a m a t i o n  system c o n s i s t e d  of heat  s to rage  t a n k s  w i t h  waste hea t  

recovery  f rom t h e  a i r  c o n d i t i o n i n g ,  r e f r i g e r a t i o n ,  and k i t c h e n  exhaust  systems. 



TABLE 6.7. Fas t  Food (1 i m i t e d  menu - 2750 sq f t )  

MONTH FOOD SANITA- REFRIG- L I G H T I N G  HVAC TOTAL KBTU/ CUSTOMER 
PREP T I O N  ERATION SFT COUNT 

JUL 
AUG 
SEP 
OCT 
NO V 
DEC 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
AVG 

TOTAL 



TABLE 6.8. Dinner House ( l i m i t e d  menu - 6770 sq f t )  

MONTH FOOD SANITA- 
PREP T I O N  

............................ 
J U L  54474 40547 
AUG 51346 37772 
SEP 51664 35751 
OCT 53350 37173 
NOV 57445 48017 
DEC 59426 55576 
JAN 59395 58134 
FEB 58261 58983 
MAR 60883 60204 
APR 58767 57969 
MAY 57580 46469 
J UN 51367 36930 
AVG 56163 47794 

TOTAL 673958 573525 

REFRIG- L I G H T I N G  HVAC TOTAL KBTU/ CUSTOMER HOT WATER 
ERAT I O N  SFT COUNT GALLONS 



The recovered energy was used f o r  w i n t e r  o p e r a t i o n  o f  t h e  heat  pumps and pre-  

h e a t i n g  o f  v e n t i l a t i o n  a i r  and i n  t h e  s a n i t a t i o n  systems. 

The r e s t a u r a n t  i s  4500 square f e e t  and i n c l u d e s  a  c o f f e e  shop and d i n i n g  

rooms. I n  a d d i t i o n ,  an a d d i t i o n a l  950 square f o o t  b u i l d i n g  con ta ined  t h e  d a t a  

a c q u i s i t i o n  system, t h e  heat  s to rage  tanks ,  and a  v i s i t o r  cen te r .  The b u i l d i n g  

used 1  i q u i d  n a t u r a l  gas f o r  cooking,  space hea t i ng ,  and ho t  water  hea t i ng .  The 

end-use energy consumption i s  shown below i n  Tab le  6.9. The b u i l d i n g  c o n t a i n e d  

t h r e e  h y b i r d  heat  pumps, shown i n  t h e  column " A C " ,  which a r e  a i r - a i r  and a i r -  

water .  I n  a d d i t i o n ,  t h e r e  were two a  wa te r  heat  pumps, shown i n  t h e  column 

l a b e l e d  " t iP" .  These heat  pumps were coup led w i t h  t h e  exhaust  heat  r e c o v e r y  

system. 

Tab le  6.10 i l l u s t r a t e s  t h e  magni tude o f  t h e  heat  recovery  system f o r  t h i s  

f a c i l i t y .  Met recovered energy was app rox ima te l y  8% o f  t h e  purchased energy  

f o r  t h e  b u i l d i n g  on an annual bas i s .  

6.3 PARK PLAZA BUILDING 

The Park P laza B u i l d i n g  was metered by Tishman Research f o r  t h e  U.S. 

Department o f  Energy f rom August 1981 th rough  J u l y ,  1983. C o n s t r u c t i o n  o f  t h e  

920,000 square f o o t  b u i l d i n g  was completed i n  1979. The complex c o n s i s t s  o f  a  

twen ty  s i x  f l o o r  tower  w i t h  app rox ima te l y  28,000 square f e e t  pe r  f l o o r ,  a  

38,000 square f o o t  t h r e e  s t o r y  b u i l d i n g ,  and 82,000 square f e e t  o f  underground 

c o n d i t i o n e d  space which i n c l u d e s  a  l a r g e  computer i n s t a l l a t i o n .  The b u i l d i n g  

i s  owned and occupied by Pub1 i c  S e r v i c e  E l e c t r i c  & Gas Company on New Je rsey .  

Documentat ion o f  t h i s  p r o j e c t  i s  p r o v i d e d  i n  f i v e  volumes which a r e  l i s t e d  a t  

t h e  end o f  t h i s  r e p o r t  under re fe rences .  

Due t o  t h e  comp lex i t y  o f  t h i s  b u i l d i n g ,  a  b r i e f  b u i l d i n g  d e s c r i p t i o n  o n l y  

p rov ides  an ou t1  i n e  o f  t h e  b u i l d i n g .  Windows occupy app rox ima te l y  50% o f  t h e  

b n i  1  d i n g '  s  she1 1  . The HVAC system i n c l  udes two 1250 t o n  c e n t r i f u g a l  c h i  11 e r s  

and two 210 t o n  screw-type c h i l l e r s .  The h e a t i n g  equipment i n c l u d e s  two e l e c -  

t r i c  ho t  water  b o i l e r s .  A d d i t i o n a l  components o f  t h e  HVAC system i n c l u d e s  heat  

pumps and heat  recove ry  systems. The b u i  1  d i  ng occupancy i s  app rox ima te l y  3400 

people.  Data was c o l l e c t e d  f rom over  350 m e t e r i n g  p o i n t s  and t h e  m e t e r i n g  was 

i n t e g r a t e d  w i t h  an automated b u i  1  d i n g  c o n t r o l  system. Sensors i n c l u d e d  t h e  
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TABLE 6.10. Heat Recovery f o r  t h e  J o l l y  T i g e r  Res tau ran t  

SYSTEM GROSS ENERGY (KBTU) NET ENERGY (KRTU) ..................................................................... 
r e f r i g e r a t i o n  121,731 
exhaust  a i  r recove ry  305,989 
dishwasher heat  exchanger 43,334 
AC u n i t s  12,467 

t o t a l  483,521 298,895 

f o l  l o w i n g :  wa te r  f l o w  meters,  p ressu re  sensors,  a i  r f l o w  mon i to rs ,  a i  r and 

water  t empera tu re  sensors,  dewpoint  sensors,  w a t t h o u r  meters,  ammeters, s t a t u s  

i n d i c a t o r s ,  and m e t e o r o l o g i c a l  sensors. A summary o f  t h e  month ly  end-use 

energy consumption i s  shown i n  Tab le  6.11. The da ta  a re  shown f o r  t h e  p e r i o d  

o f  August, 1982 th rough  J u l y ,  1983. The rec la imed  energy f rom t h e  domest ic  h o t  

water  system and t h e  h e a t i n g  system i s  shown i n  Tab le  6.12. 

6.4 SIGMA I V  

The Sigma I V  b u i l d i n g  i s  a 20,000 square f o o t  o f f i c e  b u i l d i n g  l o c a t e d  i n  

R ich land,  MA. T h i s  b u i l d i n g  has been metered s i n c e  October,  1983 by P a c i f i c  

Northwest  Labo ra to ry  under c o n t r a c t  t o  t h e  Department o f  Energy. The b u i  1 d i  ng 

was b u i l t  i n  1979 and i s  c o n s t r u c t e d  on a 6 i n c h  c o n c r e t e  s lab.  The w a l l s  a r e  

made o f  w a l l  b lock ,  s i x  i n c h  i n s u l a t i o n ,  and GYP board. There i s  an equal  

amount o f  g l a z i n g  on a l l  f o u r  s ides  o f  t h e  b u i l d i n g .  The r o o f  i s  made up o f  

r o o f  deck and 3 inches o f  b a t t  i n s u l a t i o n  and 2 i nches  o f  r i g i d  i n s u l a t i o n .  

The HVAC system i s  made up o f  t e n  a i r - t o - a i r  e l e c t r i c  heat  pumps. The hea t  

pumps range f rom 3 112 tons  t o  7 112 tons .  

The average peak occupancy i s  app rox ima te l y  115 people. The p r i n c i p a l  

p e r i o d  o f  occupancy i s  f rom 7:00 a.m. t o  6:00 p.m. on weekdays. There i s  

l i m i t e d  occupancy a f t e r  6:00 p.m. and on weekends. The l a r g e  amount o f  e l e c -  

t r i c i t y  consumption i s  i n  p a r t  due t o  t h e  computer equipment. On average t h e r e  

i s  app rox ima te l y  one coniputer t e r m i n a l  o r  m i c r o  computer f o r  each occupant  

a long  w i t h  p e r i p h e r a l s  such as modems and p r i n t e r s .  I n  a d d i t i o n ,  t h e r e  i s  one 

mini -computer .  There i s  no n i g h t t i m e  tempera tu re  setback o r  o f f - h o u r  shutdown 

o f  HVAC equipment. The end-use energy p r o f i l e  i s  shown below i n  Tab le  6.13. 



MONTH 

JAN 
FEB 
MARCH 
APRIL 
MAY 
JUNE 

p, JULY 
AUG 
SEPT 
OCT 
NOV 
DEC 
TOTAL 

TABLE 6.11. Park P laza  Research B u i l d i n g  - i n  MBtu 

HEAT SPACE COOL HVAC AUX DHW LIGHT MISC VER TRANS TOTAL KBTUIFT~ 



TABLE 6.12. Recla imed Energy f rom Park P laza  B u i l d i n g  ( i n  MRtu) 

PIONTH HEAT SYSTEM DHW SYSTEM TOTAL 

JAN 
FES 
MAR 
APR 
MAY 
JUN 
JlJL 
AUG 
SEP 
OCT 
NOV 
DEC 

6.5 HOTELS AND MOTELS 

S i x  h o t e l s  and mo te l s  were metered i n  1980 - 1981 by t h e  Department o f  

Energy and t h e  American Ho te l  and Motel  A s s o c i a t i o n .  Due t o  i n s t r u m e n t a t i o n  

and a  l i m i t e d  m e t e r i n g  p lan ,  da ta  a r e  a v a i l a b l e  f o r  a  l i m i t e d  number o f  end- 

uses and f o r  o n l y  p a r t  o f  t h e  h e a t i n g  and c o o l i n g  season. I n  a d d i t i o n ,  end-use 

energy consumption was o f t e n  c o l l e c t e d  f o r  o n l y  p a r t s  o f  t h e  f a c i l i t i e s .  The 

p r o j e c t  i s  documented i n  a  seven volume s e r i e s  which i n c l u d e s  a  summary 

document and one volume f o r  each o f  t h e  f a c i l i t i e s  metered. A l t hough  these  

data  se ts  are  no t  complete, s h o r t  d e s c r i p t i o n s  o f  t h e  f a c i l i t i e s  and da ta  sum- 

mar ies  are  p r o v i d e d  i n  t h i s  s e c t i o n .  

6.5.1 D e s c r i p t i o n  O f  F a c i l i t i e s  

Radisson A t l a n t a  Ho te l  

The Radisson h o t e l  i s  l o c a t e d  i n  A t l a n t a ,  Georgia.  The f a c i l i t y  i n c l u d e s  

163,000 sq f t  o f  guest  rooms and c o r r i d o r s  a l o n g  w i t h  45,000 sq f t  o f  pub1 i c  

space which i n c l u d e s  a  d i n i n g  room, k i t c h e n ,  and meet ing  rooms. The b u i l d i n g  

i s  c o n s t r u c t e d  o f  cement b l o c k  w a l l s  and r e i n f o r c e d  conc re te  c e i l i n g s .  The 

guest  rooms a re  c o n d i t i o n e d  w i t h  t h r o u g h - t h e - w a l l  e l e c t r i c  r e s i s t a n c e  h e a t i n g  

and a i r  c o n d i t i o n i n g  u n i t s .  The p u b l i c  areas are  served by 26 r o o f - t o p  gas 

h e a t i n g  and a i r  c o n d i t i o n i n g  systems. N a t u r a l  gas i s  used f o r  h o t  wa te r  hea t -  

i ng ,  cook ing  equipment, and l aund ry  d rye rs .  



TABLE 6.13. Sigma I V  End-Use Energy Consumption i n  kwh 

MONTH HEAT COOL VENTI- OUTLETS MISC LITES M I N I  TOTAL 
LATION COMPUTER 

............................................................................... 
JAN 
FEB 
MAR 
APR 
MAY 
J U N 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

TOTAL 145882 202582 344331 738177 47970 1708118 

( a )  NA = Not A v a i l a b l e  



La Q u i n t a  Royale 

Th is  h i g h  r i s e  h o t e l  i s  l o c a t e d  i n  Corpus Chr i  s t i  , Texas. The h o t e l  con- 

t a i n s  200 guest rooms, a  r e s t a u r a n t  and k i t c h e n ,  a  separa te  c o f f e e  shop and 

k i t c h e n ,  a  laundry ,  meet ing lbanquet  rooms, and a  swimming poo l .  The h o t e l  was 

opened i n  1972. The guest  rooms a r e  heated and coo led  w i t h  th rough- the -wa l l  

e l e c t r i c  heat  pumps. P a r t s  o f  t h e  p u b l i c  areas a r e  heated and coo led  by s e l f -  

con ta ined  h e a t i n g  and c o o l i n g  u n i t s  u s i n g  n a t u r a l  gas f o r  hea t ing .  Other  

p u b l i c  areas use e l e c t r i c  r o o f  t o p  e l e c t r i c  h e a t i n g  and c o o l i n g  u n i t s .  

Kah le r  Motel  

The Kah le r  Motel  i s  l o c a t e d  i n  Rochester, Minnesota. The motel  i n c l u d e s  

126 guest rooms, a  r e s t a u r a n t ,  a  k i t c h e n ,  meet ing  rooms, a  smal l  l aundry ,  and 

an i n d o o r  swimming poo l .  The HVAC system i n c l u d e s  a  c e n t r a l  two-p ipe n a t u r a l  

gas h e a t i n g  system. C o o l i n g  i s  v i a  a  c e n t r a l  p l a n t  c h i l l e r  system w i t h  guest  

room f a n  c o i l  u n i t s .  Domestic h o t  wa te r  i s  p r o v i d e d  by gas f i r e d  water  

heaters .  Na tu ra l  gas i s  a l s o  used f o r  k i t c h e n  c o o l i n g ,  pool  hea t ing ,  and t h e  

d r y e r s  i n  t h e  l aundry  room. 

La Qu in ta -A i  r p o r t  Eas t  

Th is  motel  i s  l o c a t e d  i n  San Anton io ,  Texas and c o n s i s t s  o f  200 guest  

rooms, a  r e s t a u r a n t  and k i t c h e n ,  two meet ing  rooms, a  lounge, l aundry ,  and an 

outdoor  unheated swi mmi  ng pool  . The o r i  g i  na l  f a c i  1  i t y  , c o n t a i  n i  ng 128 guest  

rooms, i s  heated and coo led  by a  4-pipe system and two 60 t o n  c h i l l e r s .  The 

newer 72 guest rooms are  c o n d i t i o n e d  w i t h  th rough- the -wa l l  e l e c t r i c  u n i t s .  

Domestic h o t  water  i s  p rov ided  by gas f u e l e d  b o i l e r s .  Na tu ra l  gas i s  a l s o  used 

by t h e  l aundry  d rye rs .  

Radisson S c o t t s d a l e  

' Y- 
Th is  f a c i l i t y  i s  bo th  a  r e s o r t  and racquet  c l u b  l o c a t e d  i n  Sco t t sda le ,  

Ar izona.  The h o t e l  i n c l u d e s  209 guest  rooms, 1  aundry f a c i  1 i t y ,  smal l  meet ing  

rooms, and r e s t a u r a n t .  The HVAC system c o n s i s t s  of a  f o u r  150 t o n  r e c i p r o c a t -  

* i n g  c h i l l e r s  which serves f a n  c o i l  u n i t s  i n  each of t h e  guest rooms and p u b l i c  

areas. The c h i l l e r s  a re  manual ly  t u r n e d  o f f  d u r i n g  t h e  w i n t e r .  Each o f  t h e  



f a n  c o i  1  u n i t s  a l s o  c o n t a i n s  e l e c t r i c  r e s i s t a n c e  hea t ing .  Domest ic  h o t  wa te r  

i s  p rov ided  by a  c e n t r a l  e l e c t r i c  b o i l e r  w i t h  a  boos te r  u n i t  f o r  t h e  k i t c h e n  

and a  separa te  h e a t e r  f o r  t h e  laundry .  

Woodstock I n n  

The Woodstock I n n  i s  a  r u r a l  r e s o r t  l o c a t e d  i n  Woodstock, Vermont. The 

f o u r  s t o r y  r e s o r t  i s  b u i l t  w i t h  wood frame c o n s t r u c t i o n  w i t h  a  b r i c k  e x t e r i -  

o r .  The r e s o r t ,  b u i l t  i n  1969, has 121 guest  rooms, d i n i n g  room, k i t c h e n ,  and 

a  lobby.  The HVAC system c o n s i s t s  o f  a  f o u r  p i p e  h e a t i n g / c o o l i n g  system. 

C o o l i n g  i s  p r o v i d e d  by e l e c t r i c  c h i 1  l e r s  and space and h o t  wa te r  h e a t i n g  by a  

c e n t r a l  #4 f u e l  o i l  b o i l e r .  The f a c i l i t y  a l s o  has a  s o l a r  system and h e a t  

pumps u s i n g  exhaust  a i r  f rom t h e  b u i l d i n g  t o  preheat  t h e  domest ic  h o t  water .  

#2 Fuel  o i l  i s  used f o r  some o f  t h e  k i t c h e n  app l iances and summer domest ic  h o t  

wa te r  hea t ing .  Propane i s  used f o r  cooking.  

6.5.2 Enerqv Consurn~ t ion  P r o f i l e s  

A combinat ion  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  m e t e r i n g  p lans  a long  w i t h  t h e  

problems w i t h  d a t a  c o l l e c t i o n  makes i t  d i f f i c u l t  t o  p r o v i d e  end-use energy 

consumption p r o f i l e s  wh ich  a re  s i m i l a r  t o  t h e  o t h e r  ones p r o v i d e d  i n  t h i s  sec-  

t i o n  o f  t h e  r e p o r t .  An a t tempt  has been made t o  reduce t h e  da ta  t o  a  fo rma t  

which i s  u n i f o r m  f o r  a l l  t h e  f a c i l i t i e s  and a l s o  p r o v i d e d  end-use consumpt ion 

data .  Ex tens i ve  r e p o r t i n g  on t h e  data  c o l l e c t e d  i s  p r o v i d e d  i n  t h e  documenta- 

t i o n  o f  t h i s  p r o j e c t .  S ince  no t  a l l  t h e  p r o j e c t s  metered t h e  e n t i r e  h o t e l /  

motel  f a c i l i t y ,  o r  even a l l  t h e  guest  rooms i n  t h e  f a c i l i t y ,  t h e  energy con- 

sumpt ion has been no rma l i zed  by t h e  number o f  rooms. H e a t i n g  energy was 

c o l l e c t e d  d u r i n g  t h e  w i n t e r  months and c o o l i n g  energy d u r i n g  t h e  summer months 

w h i l e  domest ic  h o t  w a t e r  as w e l l  as l i g h t i n g  and w a l l  o u t l e t s  was c o l l e c t e d  i n  

bo th  t h e  summer and w i n t e r .  The l a t t e r  two c a t e g o r i e s  have been r e p o r t e d  as 

energy use p e r  room based on a  we ighted average o f  t h e  number o f  o b s e r v a t i o n s  

i n  t h e  summer and i n  t h e  w i n t e r .  

Tab le  6.14 shows end-use energy consumption f o r  t h e  guest  rooms where t h e  

energy consumption i s  no rma l i zed  by t h e  number o f  a v a i l a b l e  rooms. The number 

o f  a v a i l a b l e  rooms i s  based on t h e  number o f  rooms metered and t h e  number o f  

days t h a t  t hey  were metered. Tab le  6.15 shows k i t c h e n  energy consumpt ion wh ich  



TABLE 6.14. Average Energy Consum t i o n  Per A v a i l a b l e  Room/Per Day 
(energy use i n  ~ t u )  ( a?' 

L i g h t i n g  + 
Fac i  1 i t y  Hea t ing  C o o l i n g  DHW Wall O u t l e t s  

Radi sson , 33,347 64,984 22,163 3,290 
A t1  an ta  (126) (126) (126) (126) 

La Q u i n t a ,  9,673 26,329 -- 12,969 
Corpus C h r i s t i  ( 3 2 )  (32)  (32)  (32)  

Kah le r  Motel  318,477 15,437 18,975 7,449 
(35)  (35)  (126) (30 

Radi sson, 
Ar izona 

La Q u i n t a ,  49,923 30,607 31,339 8,326 
Sa,n Anton io  (3 )  (128) (128) ( 3 )  

Woodstock I n n  458,415 28,939 14,501 5,157 
(121 (121) (121) (1) 

( a )  D a i l y  energy consumption f o r  t h e  guest  rooms i s  t h e  
product  o f  energy consumption/room and t h e  number o f  
rooms i n  t h e  f a c i l i t y .  The number i n  parentheses i s  
t he  number o f  rooms metered i n  t h e  f a c i l i t y .  A v a i l a b l e  
rooms a re  d e f i n e d  as guest  rooms metered regard1 ess o f  
whether they  a r e  occupied. 

has been normal ized by t h e  number o f  meals served. The number o f  meals served 

as w e l l  as t h e  number o f  days metered a r e  shown t o  a l l o w  c a l c u l a t i o n  o f  average 

d a i  l y  energy consumption. Tab le  6.16 shows energy consumption f o r  l a u n d r y  

s e r v i c e s  i n  t h e  h o t e l  s l m o t e l s  where those  f a c i  1 i t i e s  e x i s t  and were metered. 

Tab le  6.17 shows t o t a l  energy consumption f o r  t hose  f a c i l i t i e s .  U n f o r t u n a t e l y ,  

t o t a l  energy consumption by f u e l  type,  i s  no t  a v a i l a b l e  f o r  a l l  t h e  h o t e l s .  I n  

a d d i t i o n ,  annual energy consumption f o r  t h r e e  o f  t h e  f a c i l i t i e s  was no t  

c o l  1 ected.  





TABLE 6.16. Laundry Energy Use I n  B tu  Per A v a i l a b l e  RoomIPer Day 

L i g h t s 1  
O u t l e t s 1  # Avai 1. 

Fac i  1  i t y  Drye rs  Apl . Hot Water T o t a l  # Rooms Rooms 

Radisson, A t l a n t a  14,188 4,220 7,987 26,395 390 81 90 

La Q u i n t a  (C.C.) - - - - - - - - - - -- 
Kahl  e r  Motel  -- -- - - -- - - - - 
Radisson, A r i z .  6,094 - - 5,933 12,027 209 15,257 

La Qu in ta ,  S.A. 10,186 - - 5,398 15,584 200 11,800 

6.6 SEATTLE CITY LIGHT 

S e a t t l e  City L i g h t  has s t u d i e d  end-use energy consumpti on i n  commerci a1 

b u i l d i n g s  i n  S e a t t l e .  A  l i s t  o f  t h e  f a c i l i t i e s  metered, by b u i l d i n g  t ype ,  

a lone w i t h  t h e  b u i l d i n g  s i z e  and annual energy consumption a r e  shown below i n  

Tab le  6.15. 

S e a t t l e  C i t y  L i g h t  i s  s t i l l  c o l l e c t i n g  and p rocess ing  t h e  da ta  f o r  t hese  

f a c i l i t i e s  and end-use da ta  f o r  p u b l i c  r e l e a s e  w i l l  no t  be ready f o r  ano the r  

year .  However, a  sample o f  t h e  data  c o l l e c t e d  i s  shown below i n  F i g u r e  6.1 

which g r a p h i c a l  l y  i 11 u s t r a t e s  average h o u r l y  end-use energy consumption by 

m o n t h ' f o r  t h e  15,000 sq f t  o f f i c e  b u i l d i n g .  I n  a d d i t i o n ,  a numeric l i s t i n g  o f  

average h o u r l y  end-use energy consumption f o r  t h e  month o f  December i s  

prov ided.  

End-use data  f o r  a  l i m i t e d  p a r t  o f  t h e  y e a r  on two o f  t h e  b u i l d i n g s  l i s t e d  

i n  Tab le  6.18 have a l r e a d y  been pub l i shed  as p a r t  o f  a  f i e l d  t e s t  r e p o r t  o f  

S e a t t l e  City L i g h t ' s  da ta  a c q u i s i t i o n  system and procedures. The f i e l d  t e s t  

r e p o r t  covers t h e  s i x  s t o r y  o f f i c e  b u i l d i n g  show i n  F i g u r e  6.1 and t h e  

23,000 sq f t r e t a i l  s to re .  Data f o r  o n l y  44 days a r e  a v a i l a b l e  f o r  t h e  r e t a i l  

' v  51,712 kwh, c o o l i n g  - 13,770 kWh, v e n t i l a t i o n  - 7,445 kwh, h e a t i n g  - 7,170 kwh, 

and o t h e r  - 5,861 kwh. T o t a l  energy consumption f o r  t h i s  w i n t e r  p e r i o d  was 

85,958 dkWh. 
b 





TABLE 6.18. S e a t t l e  C i t y  L i g h t  Metered F a c i l i t i e s  

Bui  1  d i n g  C l  ass 

r e t a i  1  
r e t a i  1  
grocery  
grocery  
o f f i c e  
o f f i c e  
r e s t a u r a n t  
r e s t a u r a n t  
m u l t i f a m i l y  
m u l t i f a m i l y  
m u l t i f a m i l y  

F l o o r  Area 

22,000 
35,781 
14,768 
23,040 
82,306 
15,000 

1,128 
3,250 
9,059 
9,059 
8,730 

S t o r i e s  

1 
1 
1 
1 
6 
3 
1 
1 
13 u n i t s  
13 u n i t s  
12 u n i t s  

1983 E l e c t  r i  c  
( i n  KBtu) 

2,517,565 
2,952,036 
5,241,548 
4,923,730 
6,164,901 
1,059,941 

849,427 
1,152,911 

392,355 
405,222 
357,054 

OFFICE BUILDING -- MONTHLY AVERAGES 
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FIGURE 6.1. S e a t t l e  C i t y  L i g h t  - Conservat ion P lann ing  





APPENDIX  A 

SURVEY 





COMMERCIAL BUILDING DATA INQUIRY FORM 

The purpose of this brief questionnaire is t o  develop an inventory of end-use energy metering efforts 
for commercial buildings. Responses f rom this survey wi l l  be used t o  identify sources of metered data 
to  include in the hourly end-use data base maintained by Battelle. The data base is maintained in  the 
public domain. 

..r Name: Phone: 

Affiliation: Title: 

Are you interested in commercial building energy use data7 No Yes 

If so, please briefly describe interest: 

IFYOU KNOW OF ANY DATA COLLECTION EFFORTS, COMPLETETHE FOLLOWING QUESTIONS 

Name of project/organization: 

Contact person and address: 

Phone number: 

Type of commercial buildings: 

Location and number of buildings: 

Period of data collection: 

TYPE OF DATA COLLECTED METERING TECHNIQUE 

Total consumption only 
Consumption by end-use 
Building characteristics 
Building occupancy 
Building operation 
Building microclimate 
Equipment performance 

DATA AVAILABILITY 

Manual records 
Strip chart recorders 
Utility demand meters 
Microprocessor 

TIME RESOLUTION OF DATA 

Public domain 
Proprietary 

Sub-hourly 
Hourly 
Daily 

Titles and sources of  documents describing data base: 

IF YOU KNOW OF ANY OTHER DATA BASES, PLEASE TURN THE PAGE 

Return to: James Heidell, Battelle, Pacific Northwest Laboratory, P.O. Box 999, 
Richland, WA 99352, (509) 376-01 34 



IFYOU KNOW OF ANY DATA COLLECTION EFFORTS, COMPLETETHE FOLLOWING QUESTIONS 

Name of  project/organization: 

Contact person and address: 

Phone number: 

Type of commercial buildings: 

Location and number o f  buildings: 

Period of  data collection: c 

TYPE OF DATA COLLECTED METERING TECHNIQUE 

Total consumption only 
Consumption by end-use 
Building characteristics 
Building occupancy 
Building operation 
Building microclimate 
Equipment performance 

DATA AVAlLABl LlTY 

Public domain 
Proprietary 

- -- 

Manual records 
Strip chart recorders 
Utility demand meters 
Microprocessor 

TlME RESOLUTION OF DATA 

Sub-hourly 
Hourly 
Daily 

Titles and sources of  documents describing data base: 

IFYOU KNOW OF ANY DATA COLLECTION EFFORTS, COMPLETETHE FOLLOWING QUESTIONS 

Name of project/organization: 

Contact person and address: 

Phone number: 

Type of commercial buildings: 

Location and number of buildings: 

Period of data collection: 

TYPE OF DATA COLLECTED 

Total consumption only 
Consumption by end-use 
Building characteristics 
Building occupancy 
Building operation 
Building microclimate 
Equipment performance 

DATA AVAl LAB1 LlTY 

Public domain 
Proprietary 

METERING TECHNIQUE 

Manual records 
Strip chart recorders 
Utility demand meters 
Microprocessor 

TlME RESOLUTION OF DATA 

Sub-hourly 
Hourly 
Daily 

Titles and sources of documents describing data base: 



dk 
3,1 Battelle 

Pacific Northwest Laboratories 
P.O. Box 999 
Richland, Washington U.S.A. 99352 
Telephone (509) 376-4738 
Telex 15-2874 

October 20, 1983 

Dear Mr. Generic: 

This letter is written to request information on end-use energy consum~tion for 
commercial buildings. This information is beinq collected to create a publicly 
available hourlv end-use data base to support research and conservation efforts 
relating to commercial buildings. I would appreciate your completing the brief 
questionnaire attached, and returning it in the enclosed post paid envelope. 

The hour1.y end-use data base for commercial buildings is being assembled by 
Battelle, Pacific Northwest Laboratory for the U.S. Department of Energy. Our 
immediate goal is to inventory presently available sources of commercial 
building energy consumption data, preferably by hour and end-use. However, end- 
use energy consumption aqgreqated over other time periods is also of interest. 
You can assist in these efforts by identifying data sources which you have 
knowledge of, and/or describing your interest in the data that this project can 
provide. In addition, if you know of other orqanizations or people who have 
collected end-use data, or would like access to such data, please identify them 
on the attached survey. 

Enclosed you will find a list of metered commercial buildings which we have a 
knowledge of, as well as the questionnaire. Please take a few moments to 
review this material and complete the surve,y form. If you have any questions 
about the survey, the data base, or would like information about accessing the 
data base, please feel free to contact Jim Heidell at 509-376-4738. 

Sincerely, 

Richard P. Mazzucchi 
Senior Research Engineer 
Commercial Buildings Energy Use and 
Design Program 

JAH : wma 

Enclosure 





PRELIMINARY INVENTORY OF END-USE METERED DATA BASES 

The r e s u l t s  f rom a p r e l i m i n a r y  survey o f  end-use ener9.v data c o l l e c t i o n  
e f f o r t s  are shown i n  Table  1. Whi le t he re  i s  a s i g n i f i c a n t  amount o f  
i n f o rma t i on  r e l a t e d  t o  aud i t s  and t o t a l  energy use f o r  commercial b u i l d i n g s ,  
few o f  t h e  e x i s t i n g  energy use data bases con ta i n  h o u r l y  end-use metered 
data. Twenty seven da ta  bases con ta i n i ng  end-use da ta  have been i d e n t i f i e d .  
Eleven o f  those data bases con ta i n  i n f o rma t i on  on commercial b u i l d i n g s  o the r  
than schools, h o s p i t a l s  and p u b l i c  bu i l d i ngs .  S i x  o f  t he  da ta  bases are 
i d e n t i f i e d  as con ta i n i ng  h o u r l y  data. B r i e f  desc r i p t i ons  of some of t h e  
p r o j e c t s  con ta i n i ng  h o u r l y  end-use data are p rov ided  on t he  back o f  t h i s  page. 

Table 1 Commercial B u i l d i n g s  Data Bases 

SOURCE 

Amer. Ho te l  & Motel  Assoc. 
Arkansas S ta te  Energy O f f i c e  
C a l i f o r n i a  Energy Comm. 
C a l i f o r n i a  Energy Comm. 
D i s t r i c t  o f  Columbia Energy U n i t  
E l e c t r i c  Power Research I n s t .  
Enercon, L td .  
Georgia O f f i c e  o f  Energy 
Idaho O f f i c e  o f  Energy 
Iowa Energy P o l i c y  Counci l  
Kansas Energy O f f i c e  
KT Dept. o f  Na tu ra l  Resources 
M I  Fue l  & Energy Management Comm 
Nebraska Energy O f f i c e  
Nevada Department o f  Energy 
N.H. Governor's Counci l  Energy 
New Mexico Dept. o f  Energy 
N.Y. S ta te  Energy O f f i c e  
Oregon Department o f  Energy 
PA Governor's Energy Counci l  
U.S. Pos ta l  Serv ice 
W.V. Governor's O f f i c e  Economic 

& Community Development 
Na t iona l  So la r  Data Network 
Na t iona l  Restaurant Assoc. 
Passive Solar  Commercial B ldg  
PURPA f i l i n g s  
P a c i f i c  Northwest Labora to ry  

KEY : B u i l d i n g  Type 
S - school 
H - h o s p i t a l  
P - p u b l i c  
C - comnercial 
0 - o f f i c e  

BUILDING 
TYPE 

DATA COMMENTS 
TYPE - 

Hote l s  H,E,A 
150 p u b l i c  agencies M;E- 3,500 meters 
300 C E 
500 C 
S,H 
2800 b u i l d i n g s  
S,H 
1,400 S,H,O 
1144 S, 66 H 
2000 S,H 
3000 H ,S 
1500 S,H 
S,H 
2000 S,H,P 
18 s t a t e  b ldgs  
400 S,H 
3565 S,H,P 
S,H,P 
4.000 S,H,P 
700 S,H 
7 pos t  o f f i c e s  

E,F,A 
E, F ,A 
E,F,A 
E,F,A 
E,F,A by survey 
E,F,A no t  automated 
E,F,A 
E,F,A automated 
E,F,A 
E,F,A 
E,F,A 
E,F,A 
F ,A 
E,F,A hour-of-use 
E.F,A 

2650 S,H,P E,F,A 
C H,E,A 
7 r es tau ran t s  H,E,A 
21 C H,E,A 
C H 
0 H,E,A 

Data Type 
H - h o u r l v  
M - monthiy 
E - end-use 
F - by f u e l  t ype  
G - energy use, no t  s p e c i f i e d  
A - b u i l d i n g  s p e c i f i c a t i o n s / a u d i t  



PURPA Data Base ---- 

The Public Utility Regulatory Policy Act (PURPA) data base contains total 
hourly electric energy consumption for some commercial buildings. The data 
includes office buildings with and without electric heating, and multifamily 
buildings. The data base does not contain end-use information and data are 
typically aggregated and reported as typical hourly and peak hourly consumption 
for a building sector. In most cases, there is incomplete documentation of 
building characteristics. 

Passive Solar Buildings Data Bases 

The Passive Solar Commercial Buildings Program is collecting hourly end-use 
data from passive solar buildings. An unfortunate aspect of the Passive Solar 
Commercial Buildings data base is that the buildings were not instrumented with 
similar metering equipment. Another solar related data base is the National 
Solar Data Network. (Battelle is concentratinq on "typical" commercial 
buildings, and not specially designed passive solar buildings.) 

American Hotel and Motel Data Base - 

The American Hotel and Motel metering data base is incomplete. The data 
base contains approximately two weeks of hourly end-use data for the summer and 
winter seasons for each building. 

National Restaurant Association Data Base 

The National Restaurant Association project, part of Battelle Pacific 
Northwest Laboratory's Commercial Buildings Program, recently began collecting 
fifteen minute end-use and micro-climate data for seven restaurants in 
Pennsylvania. The duration of data collection will be one year. 

BECA Data Base 

The Building Energy Conservation Analysis (BECA) data base is maintained by 
Lawrence Berkeley Laboratory. The data base is not focused upon empirical 
hourly end-use data and concentrates on more agqregated data. 

In addition to these projects, there are a number of metering projects of 
single buildings. One of these projects is the Norris Cotton Federal Office 
Building in Manchester, New Hampshire. The data base resulting from this 
metering project includes hourly end-use records. The building is atypical 
since it was designed to demonstrate the energy use resulting from a range of 
mechanical and lighting systems and envelope configurations. A second project 
is the metering of Georgia Power's office building. The office building is 
another example of passive solar design. 
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APPENDIX B 

ORGANIZATIONS AND PEOPLE CONTACTED 

Th is  appendix c o n t a i n s  t h e  1  i s t  o f  o r g a n i z a t i o n s  c o n t a c t e d  d u r i n g  t h e  

i n v e n t o r y  o f  e x i s t i n g  end-use energy m e t e r i n g  p r o j e c t s .  The names o f  i n d i  v idu -  

a l s  c o n t a c t e d  have been o m i t t e d  t o  a v o i d  d i s r u p t i o n s  t o  t h e i r  work due t o  f u r -  

t h e r  con tac ts .  Readers d e s i r i n g  more i n f o r m a t i o n  on t h e  c o n t a c t s  shou ld  w r i t e  

t o  P a c i f i c  Northwest  Labora tory .  

The l i s t  o f  o r g a n i z a t i o n s  c o n t a c t e d  have been d i v i d e d  i n t o  seven catego- 

r i e s :  ~ a t i o n i l  Labora to ry  o r  u n i v e r s i t y ,  s t a t e  o r  l o c a l  government agency, 

f e d e r a l  government agency, A&E o r  o t h e r  c o n s u l t a n t ,  equipment manufac turer ,  

u t i l i t y ,  and t r a d e  o r  p r o f e s s i o n a l  o r g a n i z a t i o n .  The o r g a n i z a t i o n s  c o n t a c t e d  

a r e  l i s t e d  i n  a l p h a b e t i c a l  o r d e r  and d i v i d e d  i n t o  seven t a b l e s  s o r t e d  by t y p e  

of  o r g a n i z a t i o n .  The " ID"  l i s t e d  i n  t h e  f o l l o w i n g  t a b l e s  corresponds t o  t h e  

" I D "  ass igned t o  each m e t e r i n g  p r o j e c t  ca ta loged.  



LIST OF CONTACTS FOR COMMERCIAL BUILDINGS METERED END-USE DATA INVENTORY 

ID TYPE 
------ ---- 

8 6  R 
4 6  R 
6 1  R 
58 R 
26 R 

1 3 9  R 
55 R 

151 R 
9 1  R 
6 2  R 
13 R 
5 7  R 
21 R 
85 R 
79 R 

118 R 
1 1 7  R 

8 7  R 
8 9  R 

158 R 
1 5 9  R 
1 4 3  R 
1 6 2  R 
1 5 4  R 
150 R 
1 5 3  R 

9 5  R 
1 4 6  R 
163 R 

1 4  R 

COMPANY NAME 

ARGONNE NATIONAL LABORATORY ENERGY & ENVIRONMENTAL SYSTEMS DIVISION 
ATMOSPHERIC SCIENCES RESEARCH CENTER STATE UNIVERSITY OF NEW YORK 
BATTELLE COLUMBUS LABORATORIES 
BATTELLE COLUMBUS LABORATORIES 
CENTER FOR ENERGY & ENVIRON. STUDIES, ENGINEERING QUADRANGLE H 1 0 4  
CENTER FOR ENERGY POLICY AND RESEARCH 
DEPARTMENT OF MECHANICAL ENGINEERING, OHIO STATE UNIVERSITY 
LAWRENCE BERKELEY LABORATORY 
LAWRENCE BERKELEY LABORATORY (LBL) 
LOS ALMOS SCIENTIFIC LABORATORY 
M I A M I  UNIVERSITY 
NEW MEXICO ENERGY RESEARCH AND DEVELOPMENT INSTITUTE 
OAK RIDGE NATIONAL LABORATORY 
OAK RIDGE NATIONAL LABORATORY 
ORNL - OAK RIDGE NATIONAL LABORATORY 
PACIFIC NORTHWEST LABORATORY 
PACIFIC NORTHWEST LABORATORY 
ROCKWELL INTERN ATION AL/ETEC 
SOLAR ENERGY RESEARCH INSTITUTE 
SOLAR ENERGY RESEARCH INSTITUTE 
SOLAR ENERGY RESEARCH INSTITUTE 
SUNYAB 
UNIVERSITY OF MANITOBA 
UNIVERSITY OF MANITOBA 
UNIVERSITY OF MANITOBA 
UNIVERSITY OF MICHIGAN 
UNIVERSITY OF TEXAS AT AUSTIN DEPARTMENT OF MECHANICAL ENGINEERING 
UNIVERSITY OF WASHINGTON 
UTAH ENGINEERING EXPER STATION 
VICTORIA UNIVERSITY 

TYPE OF CONTACT: R = NATIONAL LABORATORY OR UNIVERSITY 
G = STATE OR LOCAL GOVERNMENT AGENCY 
F = FEDERAL GOVERNMENT AGENCY 
C = A&E OR OTHER CONSULTANT 
E = EQUIPMENT MANUFACTUER 
U = UTILITY 
T = TRADE/PROFESSIONAL ASSOCIATION 



L I S T  OF  CONTACTS FOR COMMERCIAL BUILDINGS METERED END-USE DATA INVENTORY 

I D  TYPE 
------ ---- 

33 G 
41 G 
2 7  G 
28 G 
2 9  G 
66 G 

173 G 
109 G 
30 G 

107 G 
110 G 
108 G 
113 G 
161 G 
34 G 
3 2  G 

115 G 
35 G 

116 G 
36 G 

1 1 2  G 
38 G 

111 G 
7 7  G 
83 G 

106 G 
37 G 
39 G 
40 G 
1 2  G 
84 G 

COMPANY NAME 
................................................................. 
ALABAMA DEPARTMENT OF ENERGY 
ALASKA POWER ADMINISTRATION 
ARIZONA O F F I C E  O F  ENERGY 
ARIZONA O F F I C E  OF  ENERGY O F F I C E  O F  ECONOMIC PLANNING &DEVELOPMENT 
CALIFORNIA ENERGY COMMISSION 
CALIFORNIA ENERGY COMMISSION 
CALIFORNIA ENERGY COMMISSION CONSERVATION D I V I S I O N  
COLORAD O F F I C E  O F  ENERGY CONSERVATION 
COLORADO O F F I C E  O F  ENERGY CONSERVATION 
COLORADO O F F I C E  O F  ENERGY CONSERVATION 
D.C. ENERGY O F F I C E  
DEPARTMENT O F  NATURAL RESOURCES, TECHNOLOGY TRANSFER D I V I S I O N  
DOQ D I V I S I O N  O F  STATE ENERGY 
ENERGY D I V I S I O N ,  D.P.E.D.  ( D E P .  O F  PLANNING & ECONOMIC DEVELOPMENT 
I L L I N O I S  DEPARTMENT O F  ENERGY AND NATURAL RESOURCES 
IOWA POLICY COUNCIL 
KENETUCKY ENERGY CABINET 
MAINE O F F I C E  O F  ENERGY RESOURCES 
N.H. GOVERNOR'S ENERGY O F F I C E  
NEW YORK STATE ENERGY O F F I C E  
NEW YORK STATE ENERGY O F F I C E  
O F F I C E  OF  ENERGY RESOURCES STATE O F  GEORGIA 
O F F I C E  OF P O L I C Y  & MANAGEMENT, ENERGY D I V I S I O N ,  STATE OF  CONNECTICUT 
OHIO D I V I S I O N  OF ENERGY 
OKLAHOMA CORPORATION COMMIS- ION 
STATE O F  ARIZONA 
STATE O F  COLORADO, O F F I C E  OF  ENERGY CONSERVATION 
STATE O F  LOUISIANA DEPARTMENT O F  NATURAL RESOURCES 
STATE O F  MICHIGAN, DEPARTMENT O F  COMMERCE, ENERGY ADMINISTRATION 
U.S. POSTAL S E R V I C E  
WASHINGTON STATE ENERGY O F F I C E  

TYPE O F  CONTACT: R = NATIONAL LABORATORY OR UNIVERSITY 
G = STATE OR LOCAL GOVERNMENT AGENCY 
F = FEDERAL GOVERNMENT AGENCY 
C = A&E OR OTHER CONSULTANT 
E = EQUIPMENT MANUFACTUER 
U = U T I L I T Y  
T = TRADE/PROFESSIONAL ASSOCIATION 



L I S T  O F  CONTACTS F O R  COMMERCIAL BUILDINGS METERED END-USE DATA I N V E N T O R Y  

I D  T Y P E  COMPANY NAME 

B O N N E V I L L E  POWER ADMIN.  
B O N N E V I L L E  POWER A D M I N I S T R A T I O N  ( B P A )  
D I V . O F  POWER R E S O U R C E  P L A N N I N G T E N N E S S E E  V A L L E Y  A U T H O R I T Y  
G S A  - G E N E R A L  S E R V I C E S  A D M I N I  S T R A T I O N  
N A T I O N A L  BUREAU O F  S T A N D A R D S  
N A T I O N A L  BUREAU OF S T A N D A R D S  
T E N N E S S E E  V A L L E Y  A U T H O R I T Y  
U . S .  WE C H I C A G O  O P E R A T I O N S  O F  
U . S .  P O S T A L  S E R V I C E  
U . S .  P O S T A L  S E R V I C E ,  R . E .  & B U I L D I N G S  D E P A R T M E N T  
U N I T E D  S T A T E S  A I R  F O R C E  

T Y P E  O F  C O N T A C T :  R = N A T I O N A L  LABORATORY OR U N I V E R S I T Y  
G = S T A T E  O R  L O C A L  GOVERNMENT AGENCY 



LIST OF CONTACTS FOR COMMERCIAL BUILDINGS METERED END-USE DATA INVENTORY 

ID TYPE COMPANY NAME 
................................................................. 
BONNEVILLE POWER ADMIN.  
BONNEVILLE POWER ADMINISTRATION (BPA) 
DIV.OF POWER RESOURCE PLANNINGTENNESSEE VALLEY AUTHORITY 
GSA - GENERAL SERVICES ADMINISTRATION 
NATIONAL BUREAU OF STANDARDS 
NATIONAL BUREAU OF STANDARDS 
TENNESSEE VALLEY AUTHORITY 
U.S. DOE CHICAGO OPERATIONS OF 
U.S. POSTAL SERVICE 
U.S. POSTAL SERVICE, R.E. & BUILDINGS DEPARTMENT 
UNITED STATES A I R  FORCE 

TYPE OF CONTACT: R = NATIONAL LABORATORY OR UNIVERSITY 
G = STATE OR LOCAL GOVERNMENT AGENCY 
F = FEDERAL GOVERNMENT AGENCY 
C = A&E OR OTHER CONSULTANT 
E = EQUIPMENT MANUFACTUER 
U = UTILITY 
T = TRADE/PROFESSIONAL ASSOCIATION 



L I S T  OF CONTACTS FOR COMMERCIAL BUILDINGS METERED END-USE DATA INVENTORY 

I D  TYPE 
- - - - - - - - - - 

65 C 
1 6 9  C 
181 C 
1 6 4  C 

7 3  C 
8 2  C 

1 4 4  C 
90 C 
1 9  C 

1 7 0  C 
1 7 6  C 

1 C 
2 0  C 
69 C 
63 C 
9 3  C 

166 C 
165 C 

6 4  C 
1 0 4  C 
1 7 9  C 
180 C 
16 C 

1 8 2  C 
2 C 

96 C 
4 8  C 
6 7  C 

1 4 1  C 
18 C 

1 6 7  C 
175 C 

9 2  C 
4 5  C 
5 2  C 

1 7 4  C 
1 5 5  C 

COMPANY NAME 

ADM ASSOCIATES 
ANODYNE ENERGY CORP. 
APPLIED ECONOMETRICS 
ATT INFORMATION SYSTEMS 
BURT-HILL, KOSAR & RITTELMAN 
COSENTINNI ASSOCIATES 
DUBIN-BLOOME AND ASSOCIATES 
ECOTOPE, INC 
GENERAL ELECTRIC COMPANY 
GEORGE W. WOOD ASSOCIATES 
GORDEN & ASSOCIATES APPLIED ENERGY MANAGEMENT TECHNIQUES 
HERRY ENERGY CONSULTANTS, INC. 
HITTMAN ASSOCIATES 
MATHEMATICAL SCIENCES NORTHWEST 
MICHAUD, ERICKSON, HALLBERD, & COOLEY 
M I N  KANTROWITZ ASSOCIATES 
NORTHWEST ENERGY MANAGEMENT 
POWER CONTROL 
PRINCETON ENERGY GROUP 
QLA ENERGY MANAGEMENT 
RESEARCH ENGINEERING ASSOCIATES INC. 
RESOURCE DEVELOPMENT ASSOCIATES 
SPIELVOGEL 
SPIELVOGEL 
SYSKA & HENNESSY 
SYSKA AND HENNESSEY 
THE DERRINGER GROUP 
THE EHRENKRANTZ GROUP 
THE MEMPHREMAGOG GROUP 
TISHMAN RESEARCH CORP 
TOTAL ENERGY SYSTEMS 
UNITED TELYDNE 
VITRO LABORATORIES DIVISION, AUTOMATION INDUSTRIES, INC. 
W.S. FLEMING & ASSOCIATES 
WESTAT 
WESTIN HOTELS, CENTURY PLAZA 
XENERGY 

TYPE OF CONTACT: R = NATIONAL LABORATORY OR UNIVERSITY 
G = STATE OR LOCAL GOVERNMENT AGENCY 
F = FEDERAL GOVERNMENT AGENCY 
C = A&E OR OTHER CONSULTANT 
E = EQUIPMENT MANUFACTUER 
U = UTILITY 
T = TRADE/PROFESSIONAL ASSOCIATION 



LIST OF CONTACTS FOR COMMERCIAL BUILDINGS METERED END-USE DATA INVENTORY 

I D  TYPE COMPANY NAME 
................................................................. 
BARBARA-COLMAN SAFECON CORP 
CALMONT TECHNOLOGIES, INC. 
CARRIER 
EXCELL DDC 
HEATH ENGINEERING 
JOHNSON CONTROLS 
OWENS CORNING 
SCALLOP THERMAL MANAGEMENT 
THE TRANE CO 

' 4  
TYPE OF CONTACT: R = NATIONAL LABORATORY OR UNIVERSITY 

G = STATE OR LOCAL GOVERNMENT AGENCY 
F = FEDERAL GOVERNMENT AGENCY 
C = A&E OR OTHER CONSULTANT 
E = EQUIPMENT MANUFACTUER 
U = UTILITY 
T = TRADE/PROFESSIONAL ASSOCIATION 



L I S T  O F  CONTACTS FOR COMMERCIAL B U I L D I N G S  METERED END-USE DATA INVENTORY 

I D  TYPE 
------ ---- 

99 u 
11 u 
78 U 

136 U 
10 u 

131 U 
133 U 
50 U 

119 U 
1 2 1  u 
1 2 4  U 
31 U 
43 U 

1 2 3  U 

COMPANY NAME 

ARIZONA P U B L I C  S E R V I C E  CO. 
ARIZONA P U B L I C  S E R V I C E  COMPANY 
BOSTON EDISON 
BOSTON EDISON COMPANY 
CENTRAL MAINE POWER COMPANY 
CENTRAO MAINE POWER CO. 
COMMONWEALTH EDISON 
COMMONWEALTH EDISON COMPANY 
E L  P A S 0  E L E C T R I C  
FLORIDA POWER AND LIGHT 
GEORGIA POWER COMPANY 
HAWAII P U B L I C  U T I L I T I E S  COMM. 
HOUSTON L I G H T I N G  & POWER CO. 
HOUSTON L I G H T I N G  AND POWER 
KANSAS C I T Y  POWER & L I G H T  
KANSAS C I T Y  POWER & L I G H T  CO. 
LOAD RESEARCH & MANGEMENT SECTAMERICAN ELECTRIC POWER S E R V I C E  CORP. 
MADISON GAS & E L E C T R I C  COMPANY 
NEPOOL - NEW ENGLAND POWER POOL 
NEW ENGLAND POWER POOL 
NEW ORLEANS P U B L I C  S E R V I C E  
NEW YORK POWER POOL 
NEW YORK POWER POOL 
NORTHERN STATES POWER CO 
NORTHERN STATES POWER CO 
OKLAHOMA GAS & ELECTRIC 
P A C I F I C  GAS & ELECTRIC 
P A C I F I C  GAS AND E L E C T R I C  
POTAMIC E L E C T R I C  POWER COMPANY 
POTOMAC E L E C T R I C  POWER CO. 
P U B L I C  S E R V I C E  COMPANY O F  COLORADO 
P U B L I C  S E R V I C E  COMPANY OF COLORADO 
P U B L I C  S E R V I C E  COMPANY O F  COLORADO 
SAN DIEGO GAS AND L E C T R I C  CO 
SOUTHERN CALIFORNIA EDISON 
SOUTHERN COMPANY S E R V I C E S ,  I N C  
UNION E L E C T R I C  
WASHINGTON GAS S P R I N G F I E L D  OPERATIONS CENTER 
WISCONSIN ELECTRIC POWER CO 
WISCONSIN ELECTRIC POWER CO. 

TYPE OF  CONTACT: R = NATIONAL LABORATORY OR UNIVERSITY 
G = STATE OR LOCAL GOVERNMENT AGENCY 
F = FEDERAL GOVERNMENT AGENCY 
C = A&E OR OTHER CONSULTANT 
E = EQUIPMENT MANUFACTUER 
U = U T I L I T Y  
T = TRADE/PROFESSIONAL ASSOCIATION 



LIST OF CONTACTS FOR COMMERCIAL BUILDINGS METERED END-USE DATA INVENTORY 

I D  TYPE 
------ ---- 

6 8  T 
101 T 

4 7  T 
53 T 
9 4  T 

138 T 
1 4 0  T 
76 T 
88 T 
4 9  T 

1 6 8  T 
81 T 
7 0  T 

1 0 2  T 
56 T 

1 4 9  T 
1 7  T 

COMPANY NAME 
................................................................. 
AMERICAN CONSULTING ENGINEERS COUNCIL ( ACEC ) 
AMERICAN CONSULTING ENGINEERS COUNCIL (ACEC) 
AMERICAN HOTEL & MOTEL ASSOC. 
AMERICAN HOTEL & MOTEL ASSOC. 
AMERICAN INSTITUTE OF ARCHITECTS 
ASSOCIATION OF ENERGY ENGINEERS 
AUTOMATED PROCEDURES FOR ENGINEERING CONSULTANTS 
BOMA - BUILDING OWNERS & MANAGERS ASSOCIATION 
ELECTRIC POWER RESEARCH INSTITUTE (EPRI )  
ENERGY MANAGEMENT & CONTROLS SOCIETY C/O DRISCOLL & ASSOCIATES 
GAS RESEARCH INSTITUTE FORECASTING AND STRATEGIC PLANNING GROUP 
GAS RESEARCH INSTITUTE - GRI 
ILLUMINATING ENGINEERING SOCIETY 
INSTITUTE OF GAS TECHNOLOGY 
NATIONAL INSTITUTE OF BUILDINGSCIENCES (NIBS)  
NATIONAL INSTITUTE OF BUILDING SCIENCES 
NCSBCS 

TYPE OF CONTACT: R = NATIONAL LABORATORY OR UNIVERSITY 
G = STATE OR LOCAL GOVERNMENT AGENCY 
F = FEDERAL GOVERNMENT AGENCY 
C = A&E OR OTHER CONSULTANT 
E = EQUIPMENT MANUFACTUER 
U = UTILITY 
T = TRADE/PROFESSIONAL ASSOCIATION 





APPENDIX  C 

ANNOUNCEMENTS AND ADVERTISEMENTS 





under high-voltage lines in rural 
areas, particularly in eastern and 
southwestern Ontario where the util- 
ity proposes to build major new lines. 

And for the first time this past 
summer, Hydro took its demonstra- 
tions across international boundaries 
as New York State Power Authority 
enlisted the aid of O'Grady and an- 
other Hydro community relations 
officer, Bob blesman, who combined 

REGULATORY PO~TIONS 
i.$.- 

Immediate openings in the Reno- 
Tahoe recreational area. 

Manager of Audit Division 

Responsible for managing and co- 
ordinating the audit staff and pro- 
gram of the Public Service Com- 
mission and testifying before the 
Commission. Accounting degree, 
CPA and four years of experience 
with large accounting firm, regula- 
tory body or utility required. Cor- 
porate tax experience desirable. 
Salary to $42.228. 

Auditor 

Responsible for conduc.ting audits 
of utilities for the Public Service 
Commission. Degree in accounting 
required. Two years of experience 
with accounting firm, regulatory 
body or utility required. Corporate 
tax experience desirable. Salary to 
$33,536. 

Manager of Rates and Tariff 
Division 

Responsible for managing and co- 
ordinating the rate and tariff staff 
of the Public Service Commission 
and rate design matters before the 
PSC. Degree in area related to 
public utility regulation and four 
years of utility regulatory experi- 
ence. Two years of r7te design 
background desirable. Salary to 
$35.1 00. 

No FICA. Excellent benefits. 

Send resume to: 

Stephen E. Parr. Director 
Regulatory Operations 
Public Service Commission 
505 East King Street 
Carson City, NV  89710 

INDUSTRIAL PROGRESS 

spent six weeks traveling the south- 
eastern part of the state discussing safe 
working practices around high-voltage 
lines and explaining common biologi- 
cal and environmental effects. 

The  New York State Power Author- 
ity proposes to build a new, 345- 
kilovolt line in the area to carry hy- 
droelectric power imported from an- 
other Canadian province. Quebec. 

"We try to put things into perspec- 
tive for the layman by relating the 
electrical environment of the high- 
voltage line to the electrical enviroa- 
ment found in the'average home," 
said O'Gradv, who has been involved , . 
in Hydro's mobile demonstration pro- 
<gram since it began in 1980. "We find 
that a down-to-earth approach, cou- 
pled with demonstrations that peo- 
ple can get personally involved in, 
clears up  a good deal of misunder- 
standing." 

T h e  program includes both indoor 
and outdoor demonstrations. Out-  
doors, they begin with the informa- 
tion van parked on an insulating plas- 
tic pad directly below energized con- 
ductors. T h e  high-voltage lines over- 
head create an electrostatic field. 
showing the effects that might be ex- 
perienced in a worst-case situation 
with farm equipment operating on the 
right-of-way. 

Normallv. of course, no charge 
would build up  on the vehicle. But 
in this case voltage in the air couples 
to the van's metal surface and, un- 
able to escape to the ground because 
of the plastic pads, a small, harnlless 
static charge builds up. At worst, the 
charge is annoying, but hardly clan- 
gerous. It would be comparable to 
walking across a carpet in a dry room 
and touching a doorknob. 

The  indoor- demonstrations, popit- 
lar at c o u r ~ t r ~  fairs and sitililar CVC'II~S. 

use ~rtodcls to create the electric and 
magnetic fields central to the infor- 
mation them'. A Van der  Gra f f  
generator, creating a 400,000-V-electric 
field. literally raises the hair of pal-ti- 
c h a n t s  who volu~l teer  from the 
aitdience. Another model, a trans- 
former co~mected to a copper loop, 
creates a strong magnetic field dem- 
onstrated by magnetizing nails and 
paper clips. 

O'Grndy savs there has been a Fea t  
deal of interest shown by other utili- 

<.ram, ties in the tlemonstration pro, 
~vtiich w o n  a Ca~taLiia~t public rela- 

tions societv award for communica- 
tions excellence. 

"Many of these other utilities have 
sent representatives to see how our  
program works - some from as far 
away as Europe, South America, and 
Japan," he  says. With the success of 
the de~nonstrations in New York, On- 
tario Hydro now expects to answer 
similar requests from other neighbor- 
ing utilities. 

1 PUBLICATION 910 I 
. ..IS a handy IRS publlcallon [ha 
descrlbn year 'round IRS servlc 
asslstancc. contents or frequent 

&V& 
%hF 

Baltelle 

Wanted- 
M e d M  

4 

A study being conducted by 
' 

Pacific Northwest Laboratory 
will inventory existing data and 
ongoing data collection pro- 
grams concerned with metered 
END-USE energy consumption 
in commercial buildings. The 
work is being conducted for the 
U.S. Department of Energy to 
support long-term research and 
planning. 

Persons who are aware of such 
4 information, or who are inter- 

ested in the results are 
requested to contact James 
Heidell, Research Engineer, 
Battelle-Northwest, P. 0. Box 999, 
Richland. WA 99352 (509)376-4738. 

Pac8lec Norihweit Laboratorv 
Operated for the U 5 Depdrtrn?nr ot Energy 

bv Batlelle Mernorlal lnrritule 
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comp. and future in a stable environment. Contact 
our reps. in conf. at: G. Marshall Assoc., P.O. Box 
66083, Chicago, IL 60666. 

PLUMBING DSNR-Needed by prominent cons. 
engrg. firm in central FL. Candidate should have 
4-6+ yr exp. in the comprehensive design of plum- 
bing and f.p. systems integral to inst., commer. and 
office facilities. Ability to function independently 
and assume project design respon. is essential. Ex- 
cellent salary and long term growth oppor. in an at- 
tractive location. Contact our reps. in conf. at: G. 
Marshall Assoc., P.O. Box 66083, Chicago, IL 
60666. 

PLUMBING ENGR-Position avail. with growing 
M/E firm in the Midwest. Qualified person should 
have 6 +  yr exp. in the design. lcirn&n and f.p. 
systems for inst. and c o m m . ~ j e j $ s . ~ ~ b i l i t y  to 
assume project respon. as well asdieht liaison also 
req. Excellent salary and advancement oppor. Con- 
tact our reps in conf. at: G. Marshall Assoc., P.O. 
Box 66083. Chicago. iL 60666. 

SR. MECHANICAL ENGR.-Req. by major 
cons. M/E in the NE. Degree and PE along with 
&lo+ yrs. exp. in dsn. and project direction for 
HVAC systems integral to large comm., office and 
inst. projects is req. Ability to assume major proj- 
ect respon.. maintain effective client liaison and 
provide tech. direction is also req. Firm offers long 
term growth and excellent salary in a desirable loca- 
tion. Contact our reps. in conf. at: G. Marshall 
Assoc., P.O. Box 66083, Chicago, IL 60666. 

CHIEF MECHANICAL ENGR.-Position open 
with major E/A firm in the Midwest. Qualified per- 
son must have degree and PE coupled with 12+ 
yrs. progressive exp. in dsn. of complete mech. 
systems for major indust.. inst. and comm. facili- 

ties. Proven exp. in the supv. of dept. staff ex- 
ceeding 25 professionals along with dsn. and/or 
supv. of systems incl. HVAC, plumb.. process pip- 
ing and indust. vent. is preferred. Position req. 
management as well as tech. expertise. Prominent 
firm offers excellent salary and future. Contact our 
reps. in conf. at: G. Marshall Assoc., P.O. Box 
66083. Chicago, IL 60666. 

DEPT. MANAGER-Position avail. with Midwest 
A/E. Qualified person must have degree and PE 
coupled with 8-10+ yrs. progressive exp. in the 
dsn. of HVAC systems for inst. and comm. facili- 
ties. Ability and/or exp. in the direction of projects 
and staff, as well as client liaison and willingness to 
contribute directly to technical input is also req. Ex- 
cellent comp. and long term growth is offered in an 
expanding community. Contact our reps. in conf. 
at: G. Marshall Assoc., P.O. Box 66083, Chicago, 
IL 60666. 

DEFT. MANAGER-Rcq. by prominent Gulf 
Coast M/E firm. Qualified person should have de- 
gree and PE coupled with 8 + yrs. exp. in the design 
and project dir. of HVAC systems for diverse 
comm., inst. and indust. bldgs. Proven exp. in 
project dir. and staff supv. along with client liaison 
is essential. Excellent comp. and long term future. 
Contact our reps. in conf. at: G. Marshall Assoc., 
P.O. Box 66083. Chicago. IL 60666. 

MECHANICAL ENGR.-Position open with 
growing central Fla. firm. Degree and PE along 
with 6-8 + yrs. exp. in design and project engrg. for 
HVAC systems integral to inst., office and comm. 
facilities is req. Ability to assume project role and 
assist in direction of dept. is desired. Contact our 
reps. in conf. at: G. Marshall Assoc.. P.O. Box 
66083, Chicago. IL 60666. 

MECHANICAL ENGR.-Position avail. with 
M/E firm in the Midwest. Degree and PE preferred 
as well as ability to assume project respon. for com- 
prehensive design of HVAC systems for comm.. 

inst. and indust. projects. Excellent compensation 
and growth opportunities in a dynamic firm. Con- 
tact our reps. in conf. at: G. Marshall Assoc., P.O. 
Box 66083, Chicago, IL 60666. 

MECHANICAL ENGR.-Position open with 
growing A/E in the Midwest. Qualified person 
should have 3-5 yrs. exp. in the complete design of 
HVAC systems for inst., comm. and office proj- 
ects. Degree and ability to assume project respon. 
in a growth environment is also req. Firm offers ex- 
cellent salary and future in a growing community. 
Contact our reps. in conf. at: G. Marshall Assoc., 
P.O. Box 66083. Chicago. IL 60666. 

MECHANICAL DESIGN-Position avail. with 
dsn/bld mechanical contractor in the South. Quali- 
fied person should have 3-5 + yrs. exp. in the design 
of HVAC systems for comm., office and inst. 
facilities. Degree preferred but not mandatory with 
ability to assume comprehensive dsn. and project 
respon. most important. Excellent compensation 
and long term future in an attractive high tech loca- 
tion. Contact our reps. in conf. at: G. Marshall 
Assoc.. P.O. Box 66083. Chicago. IL 60666. 

MECHANICAL ENGR.-Position avail. with 
prominent growing A/E in the NE. Qualified per- 
son should have degree and PE along with 8-10 yrs. 
exp. in the dsn. of HVAC systems for comm. and 
inst. facilities. Ability to assume multi-project 
respon., assist in direction of a dept. and maintain 
client liaison is also req. Contact our reps. in conf. 
at: G. Marshall Assoc.. P.O. Box 66083, Chicago, 
IL 60666. 

REGIONAL SALES REPS-New England. 
Southwest & Rocky Mountain areas. Major heat 
transfer equipment manufacturer seeks hydronic 
HVAC reps with experience. Direct sales to con- 
tractors, wholesalers, enduser. Specification work 
with architects and engineers. Excellent commission 
rates. Send resume to: Box 840. ASHRAE JOUR- 
NAL. 

MANUFACTURER'S 
REPRESENTATIVES 

The new Airtemp Applied Machinery 
Company is seeking quality Manu- 
facturer's Representatives. 

Expanded sales have created excel- 
lent opportunities in some select 
areas. Must have knowledge of Ap- 
plied Equipment. (Air cooled chill- 
ers, air handlers, etlc.), a good 
customer base and be results 
oriented. , 

Interested Parties please contact: 

3003 WOODBRIDGE AVE. 
EDISON, NEW JERSEY 08818 

PHONE W201-549-9850 
ATTN: N.B. Eassa 
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Battelle 

A study being conducted by Pacific Northwest 
Laboratory will inventory existing data and 
ongoing data collection programs concerned 
with metered END-USE energy consumption 
in commercial buildings. The work is being 
conducted for the U.S. Department of Energy 
to support long-term research and planning. 

Persons who are aware of such information, 
or who are interested in the results are 
requested to contact James Heidell, Research 
Engineer, Battelle-Northwest, P. 0. Box 999, 
Richland, WA 99352 (509)376-4738. 

P ~ c t h c  \lortht*e<t Laboratory. Oper~ted for I!- the C 5 Department ol Energy by Bdltelle Memorlal Inrtttute 
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A study being conducted by Pacific Northwest 
Laboratory will inventory existing data and 
ongoing data collection programs concerned . 
with metered END-USE energy consumption 
in commercial buildings. The work is. being 
conducted for the U.S. Department of Energy 
to support long-term research and planning. 
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Persons who are aware of such information, 
or who are interested in the results are 
requested to contact Jarnes Heidell, Research 
Engineer, Battelle-Northwest, P. 0. Box 999, 
Richland, WA 99352 (509)376-4738. 
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I I - P a c ~ l ~ r  Northwest L r l~ora~ury .  Operated lor 
the U 5 Dcprrlmenl ol E11erb.y by Battelle Menlorla1 lnrl~tule 

Ultimate flexibility 
in a single circuit control 

EC71 Single Circuit Electronic Time Control . L 

r n L  6 POWER 
PEIROLIEUM NATURAL GAS COAL ELECTIIICITY 

NY Users Eye Cheap Elec ij'Sliamon Phn Oh 
By IR\VIN GREENSTEIN 

NEW YORK-Users in New 
York state may be able to receive 
cheap electricity if the state leg- 
islature allows the allocation of 
low-cost power to a $500 million 
computer complex to be built by 
ShearsonIAmerican Express Inc.. 
according to a spokesman for the 
state-run New York Power Au- 
thority (NYPA). 

Changes in the criteria for in- 
dustrial use of the NYPA power 
to include Shearson would proba- 
bly increase the number of users 
eligible for the cheap power, the 
spokesman said. 

"The Power Authority trustees 
authorized a committment of. 
power to Shearson provided the 
company stays in New York City.' 
The amendments would not be 
ta i lored specifically to  the  
Shearson situation. We're propo- 
sing a broad-based effort to facil- 
itate Power Authority allocations 
of power'to industry which would 
use it for maximum economics in 
terms of jobs and other factors," 
he said. 

A o k e s m a n  f o r  
~hcarso;/%merican Express said 
that the switch from Consolidated 
Edison Co. (Con Ed), one of the 
nation's most expensive utilities, 
would save the company more 
than $4 million a year in power 
costs. 

The low-cost power should be 
used to revitalize small industry 
in Manhattan, not just for large 
users like Shearson, according to 
Martin Sellan, general counsel for 
the Owners Committee on Elec- 
tric Rates Inc. (OCER), a user 
group based here. 

"As far as  ShearsonIAmerican 
Express receiving the low-cost 
power, we're infavor of anything 
that provides new customers to 
the city," Sehan said. "The pros- 
pects of industrial and com- 
mercial development in Manhat- 
tan have been small. Our meeting 
will oynlnrp ~ n r i t l l  ( 1 . 1  hl, ... " ' 

Shearson spokesman said. The 
company had considered con- 
structing new offices in Jersey 
City, N.J. ' across the Hudson 
River f rpd , i t s  other Manhattan 
offices.' s, 

According,ho Ira Liebowitz. 
with the law firm of Leibotvitz, 
Lasky and Peterson, Garden City, 
N.Y., the NYPA is authorized 
under state law to provide low- 
cost, power to high-load factor 
manufacturers that will build new 
facilities in New York state or 
ex and existing facilities pro- 
vicfed such power and energy is 
made available to them. 

According to the NYPA, a high- 
load factor manufacturer is one 
whose cost of electricity normally 
represents at  least 7.5 percent of 
its total product value, Liebowitz 
added. 

ShearsonIAmerican Express 
now has a data-processing center 
in Manhattan that employees 
3,400 people. The new computer 
complex, which will process 
m e s s a g e s  b e t w e e n  
ShearsonJAmerican Express of- 
fices worldwide, is expected to 
add 2,200 jobs to the city, said a 
Shearson spokesman. 

If the amended legislation is 
passed, ShearsonIAmerican Ex- 
press will not have to purchase 
power from Con Ed, but would 
receive power directly from 

theNYPA's James A. Fitzpa 
Nuclear Plant near upstate 
wego, N.Y., the spokesman : 

Since 1981, the NYPA ha: 
located low-cost eleclricit) 
Madison Square Garden, 
York City, and Grumman A 
space Corp., Bethpage, N.Y 
attempts to keep them in 1 
York. 

In 1981, Gulf and Western 1 
owners  of Madison Squ 
Garden, announced plans to I 
the sports complex because o 
$9 million annual losses, and e 
an office tower on the site. Su' 
quent legislation enabled Gulf 
Western to receive subsi 
power, which saved $400,001 
year in electricity at Madi 
Square Garden, said a Pol 
Authority s okesmdn. 

But the Bower Authority's 
location of cheap power to Gn 
man in 1983 to encourage 
company from relocating to 
other state stirred protests 
Long Island user groups who a 
wanted access to the low-c 

ower. (See August 15, 15 E UN. page 4.)  
Liebowitz, representing the 1 

tional Tooling and hlachining I 

sociation in addition to anotl 
user group, People Who Ci 
Ltd., asserted that his cliei 
were not oppossed to the Cru 
man subsidized power. 

FREE-MARKET PRICE OF NATURAL GAS 
, 

The figures below are for scheduled purchases of natural 
gas by interstate pipelines, involving purchases exempt 
from legal price ceilings under Section 107 of the Natural 
Gas Policy Act. The average price for such gas eaked in 
August I982 at $7.44 per thousand cubic feet, but t s  fallen 
below $6 since then. 

Dollars per thousand cubic feet: 
1983 1982 % Change 

07 012 January .......................... $7 nJ -. 
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Requests for Data 
Wanted: Swap meet rental information. 

Base operator/master lease. Fairgrounds, 
racetracks, or other public facilities. Fixed/ 
percentage. Call collect, or write: Robert 
0. Cooley, SRPA. 315 W. 18th St., San Ber- 
nardino, CA 92405; (7l4) 882-7511. 

Wanted: Information and comparable 
sales of condominium office buildings, in 
before or after condition, affected by flood 
and floodways. Will pay and/or share data. 
Contact: Bruce D. Greenberg, SRPA, Green- 
berg, Campbell, Chin, & Assoc., 4937 E. 5th 
St., Tucson, AZ 85711; (602) 323-9324. 

Energy Data Wanted ,% 
Battelle, Pacific NorthwestBbora?ory is 

coordinating an effort by the XS. Depart- 
ment of Energy to develop a public domain 
data base for end-use energy consumption 
data pertaining to commercial buildings. 

The data base will contain empirical end- 
use data for hourly and sub-hourly periods 
along with supporting micro climate and 
building characteristic data. The data base 
emphasizes "typical" commercial buildings. 
(End-use data on solar buildings is main- - 
tained in a separate data base.) 

Battelle is currently finishing an inventory 
of ongoing or completed end-use data col- 
lection projects. The inventory will be used 
for the second stage of the projects: to as- 
semble selected sources of metered data into 
a single consistently organized data base. 

Readers who know of existing sources of 
metered data to include in the data base, 
and/or are interested in the results of the 
survey may contact: Jim Heidell, Econom- 
ics & Systems Analysis Section, Battelle 
Laboratory, P.O. Box 999, Richland, WA 
99352; (509) 376-4738. 

SREA Market Data 
Center Elections 

The 1984 officers and directors of 
the SREA Market Data Center are as 
follows: 

President 
Joseph R. Stanfield, SRPA, MA1 / 
Houston, Texas 

Senior Vice President 
Edward F. Sauterer, SRA ' 
Cleveland, Ohio 

Vice President 
Sherwood Darington, SRPA 
Salinas, California 

Vice President 
C. Benton blosley 
Scottsdale, Arizona 

Treasurer 
Donald E. Boyson. SRPA, MA1 
Littleton, Colorado 

Immediate Past President 
Maurice W. Heckman. SRA 

Benchmarks 

November October September 
1983 1983 1983 

Housing Starts 
(seasonally adjusted annual rate) up 6% down 13.5% 

Single Family 1,065,000 1,010,000 1,009,000 

Multi-Family 691,000 640,000 643,000 

Total 1,756,000 1,650,000 1,652,000 

Canadian Housing Starts 

I New Home Sales 638,000 635,000 632,000 I 
New Home Median Price $ 75,900 5 76,100 $ 82,000 

Existing Home Sales 2,630,000 2,610,000 
(Annual rate) $ 70,300 

I Existing Home Median Price $ 70.400 $ 70,400 I I Unemployment 8.4% 8.8% 9.3% I I Canadian Unemployment 11.3% I 
Consumer Price Index 
(1967 = 100) 

Canadian Consumer Price Index 
(1981 = 100) 

Consumer Confidence Index 
(1969 = 100) 90.2 

Consumer Installment Debt 
(Billions) 

I Total new construction 
(millions of dollars) $ 172,251 $ 171.214 $176,718 

Private construction 9 140,432 $ 139,377 $ 143,119 
residential 72,337 73,958 75,231 
nonresidential 39,318 37,203 41,034 

Public construction 31,818 31,837 33,600 

Mortgage rate (conventional) 
new home 12.27% 12.25% 12.57% 
existing home 12.57% ' 12.65% 12.86% 

Apt. Mortgages 131/a-13% % 13-13% 970 13%-13% % 
4 

r = revised 

= Mortgage rate and participation or equity adding up to listed interest rate. 

Sources: Citicorp Real Estate, Inc.. Federal Home Loan Bank Board, Commerce 
Dept., Conference Board. 

Job Notices 
(qn t inued  from page 6 )  

Wanted: Residential Appraiser. Atlanta- 
based, large financial institution is seeking a 
designated appraiser with a minimum of five 
years supervisory skills in residential ap- 
praisal operation. Relocation experience and 
FNMA/FHLMC experience required. Send 
resume/qualifications, job history, and sal- 
ary requirements to: Chief Appraiser, P.O. 
Box l7?7, Atlanta. GA 30301. 

( Wanted: Mid-level Appraiser. Profes- 
sional with three to five years experience in 
single-family and residential condominium 
appraisals, and some knowledge of new 
construction. Salary and benefits commen- 
surate with experience. Send resume to: 
Southwest Savings Assn., 9900 North Cen- 
tral Expressway, Suite 300, Dallas, TX 
75231-1306; Attn: Appraisal Dept. 
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EMERGING TECHIPRODUCTS 

Project management software - Package hands all aspects of 
project management on a single micro or personal comput- 
er, manufacturer says. System calculates start and finish 
dates with critical paths and prints activity reports and 
charts with numerable sort and select options. Resource 
management, materials management, and batch processing 
can also be incorporated into the software package. North 
America Mica, Inc. 

For information circle 222 

Multiple cable system - Commercial wiring system allows 
installer to pre-wire, add-on, or retrofit a project to 
accommodate power, telephone, and video from a single 
outlet, manufacturer says. Available fittings and accesso- 
ries allow interconnection from telephone, CATV, or master 
antenna. Brand-Rex Co. 

For information circle 173 

Product bulletin - Describing solid state trip circuit breakers 
available in 1,600, 2,000, 2,500, and 3,000 ampere frames. 
Bulletin features application, selection, and dimensional 
information including breaker operation and trip unit 
features. Breakers are designed for fixed or drawout 
mounting as a main, tie, or feeder circuit breaker. Square D 
Co. 

For information circle 174 
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Battelle 

A study being conducted by Pacific Northwest 
Laboratory will inventory existing data and 
ongoing data collection programs concerned 
with metered END-USE energy consumption 
in commercial buildings. The work is being 
conducted for the U.S. Department of Energy 
to su'pport long-term research and planning. 

Persons who are aware of such information, 
or who are interested in t h e  results are 
req~~ested to contact James Heidell, Research 
Engineer, Battelle-Northwest, P. 0. Box 999, 
Richland, WA 99352 (509)376-4738. 

P a c ~ i ~ c  Northwest Labordtorb Operated ior 
the U.S. Department of Energy bv Battelle \ lernor~al lnrr~rute 
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APPENDIX D  

THE BONNEVILLE POWER ADMINISTRATION EtJD-USE LOAD AND CONSERVATION 

ASSESSMENT PROGRAM ( ELCAP) 

OVERVIEW OF OBJECTIVES AND METHODS 

T h i s  appendix p r o v i d e s  an ove rv iew  o f  t h e  o b j e c t i v e s  and methods o f  an 

end-use m e t e r i n g  e f f o r t  underway i n  t h e  P a c i f i c  Northwest :  The End Use Load 

and Conservat ion  Assessment Program (ELCAP). The p r o j e c t  w i l l  i n s t r u m e n t  and 

a u d i t  250 commercial b u i l d i n g s .  P r o j e c t  a c t i v i t i e s  a r e  managed by P a c i f i c  

Nor thwest  L a b o r a t o r y  f o r  t h e  B o n n e v i l l e  Power A d m i n i s t r a t i o n .  

S ince t h i s  overv iew was o r i g i n a l l y  w r i t t e n ,  seve ra l  m o d i f i c a t i o n s  have 

been made t o  t h e  program. The assessment o f  t h e  e f f e c t  o f  s t r u c t u r a l  t i g h t e n -  

i n g  measures on i n d o o r  a i r  qual  i ty  w i l l  be e v a l u a t e d  o n l y  by  c a l c u l a t i o n  o f  t h e  

apparent  changes i n  a i r  exchange r a t e s  f rom energy use measurements. Commer- 

c i  a1 b u i  1  d ings  w i  11 be se l  e c t e d  w i t h o u t  r e s p e c t  t o  i n d o o r  a i r  qual i t y  concerns,  

due t o  t h e  f a c t  t h a t  measures t h a t  e f f e c t  i n d o o r  a i r  q u a l i t y  a r e  c u r r e n t l y  

de layed pending t h e  r e s u l t s  o f  a  d e t a i l e d  env i ronmenta l  impact  s ta tement .  

The End-use Load and Conserva t i on  Assessment Program (ELCAP) i s  des igned 

t o  suppor t  BPA's l o a d  f o r e c a s t i n g  and c o n s e r v a t i o n  program p l a n n i n g  f u n c t i o n s .  

J o i n t l y  sponsored by t h e  BPA O f f i c e s  o f  Power Management and Conservat ion ,  t h e  

ELCAP a c t u a l l y  combines f o u r  d i f f e r e n t  s t u d i e s  i n v o l v i n g  d a t a  c o l l e c t i o n  i n  t h e  

r e s i d e n t i a l  and commercial s e c t o r s  o f  t h e  P a c i f i c  Nor thwest  (PNW): 

1. Hour l y  and peak f o r e c a s t i n g ;  

2. Assessment o f  t h e  e f f e c t s  o f  s t r u c t u r e  t i g h t e n i n g  measures on i n d o o r  
l L .  a i r  q u a l i t y  ( I A Q ) ;  

3 .  Assessment o f  t h e  e f f e c t s  o f  energy c o n s e r v a t i o n  measures and l o a d  

A management techn iques  on p a t t e r n s  o f  end-use loads .  

4. Assessment o f  t h e  e f f e c t s  o f  energy c o n s e r v a t i o n  measures and l o a d  

management techn iques on p a t t e r n s  o f  end-use loads .  



Th is  consol  i d a t i o n  o f  data c o l l e c t i o n  e f f o r t s  r e s u l t s  i n  a  s i g n i f i c a n t  c o s t  

savings t o  the  government and PNW ra tepayers  and a  subs tan t i a l  r educ t i on  i n  

o v e r a l l  respondent burden w i t h  1  i ttl e  o r  no s a c r i f i c e  i n  t h e  qual i t y  o f  t h e  

data. 

Commerci a1 Sector  

With p a r t i a l  BPA support ,  S e a t t l e  C i t y  L i g h t  (SCL) had i n i t i a t e d  an end- 

use reco rd i ng  e f f o r t  w i t h  a  phased sample o f  f i r s t  two, and e v e n t u a l l y  12 com- 

merc ia l  s t r u c t u r e s  served by SCL. The ELCAP p r o j e c t  i s  designed t o  b u i l d  on 

t he  exper ience developed through SCL's e f f o r t s  and t o  extend t he  r e s u l t s  i n  two 

d i r e c t i o n s  s imul taneous ly .  F i r s t ,  t h e  sample w i l l  be extended t o  i n c l u d e  a  

l a r g e r  v a r i e t y  o f  b u i l d i n g s  i n  Sea t t l e .  The second ex tens ion  w i l l  be t o  

i n c l u d e  b u i l d i n g s  t h a t  a c t u a l l y  under take energy conserva t ion  e f f o r t s .  

Th is  p r o j e c t  b r i n g s  toge ther  several  BPA i n t e r e s t s ,  i n c l  ud ing 1  oad f o r e -  

cas t i ng ,  i ndoor a i r  qual i t y  ( IAQ)  , conserva t ion  assessment, and conserva t ion  

market ing.  The ac tua l  h o u r l y  end-use l o a d  da ta  w i l l  serve as i n p u t  t o  h o u r l y  

1  oad f o r e c a s t i n g  model s; t h e  r e s u l t s  o f  t h e  b u i l d i n g  simul a t i o n s  w i l l  suppor t  

conservat ion assessnient e f f o r t s ;  comparisons between the  s imu la t i on  r e s u l t s  and 

ac tua l  usage p a t t e r n s  f o r  b u i l d i n g s  t h a t  adopt conserva t ion  measures w i l l  

a s s i s t  i n  c a l i b r a t i n g  t he  s imu la t i on  models employed; and measures o f  i ndoo r  

a i r  qual i t y  w i l l  p r ov i de  t he  f i r s t  emp i r i ca l  evidence c u r r e n t l y  a v a i l  ab le .  

The f u l l  study w i l l  encompass up t o  250 b u i l d i n g s .  Approximately 190 w i l l  

be se lec ted  from t h e  SCL se rv i ce  t e r r i t o r y  and up t o  40 w i l l  be se l ec ted  f rom 

successful  appl i c a n t s  under t he  Commercial F i nanc ia l  I n c e n t i v e s  Program (CFIP) . 
Approximately 30 b u i l d i n g s  w i l l  be se l ec ted  f o r  purposes o f  m o n i t o r i n g  t h e  

indoor  a i r  q u a l i t y ,  o f  which 10 w i l l  r ep resen t  a  subsample o f  t he  b u i l d i n g s  i n  

SCL. The remain ing 20 b u i l d i n g s  w i l l  be se l ec ted  from two, as y e t  t o  be de te r -  

mined, c l u s t e r s  ou t s i de  t he  C i t y  o f  Sea t t l e .  Each b u i l d i n g  w i l l  be f i t t e d  w i t h  

mu1 t i channe l  hou r l y  end-use reco rd i ng  equipment and w i l l  be sub jec ted  t o  a  

thorough energy a u d i t .  The b u i l d i n g  c h a r a c t e r i s t i c s  data f rom the  energy a u d i t  

w i l l  be i n p u t  t o  s tandard hea t  l o s s  s imu la t i on  model s  ( i  .e., DOE2.1), and t h e  

r e s u l t s  benchmarked t o  t he  ac tua l  usage pa t t e rns .  It w i l l  then be p o s s i b l e  t o  

s imu la te  t h e  i n s t a l l a t i o n  of va r i ous  conserva t ion  measures and t o  d e r i v e  e s t i -  

niates o f  the  energy savings. 



The sample of  buildings from the SCL service terr i tory will be designed to 

insure a distribution over the following twelve categories, based on the pre- 

dominant activity:  

o small office ( l e s s  than l O O K  sq. f t . )  

o dry goods retail  

e restaurant 

o grocery 

ce warehouse 

s hotel /motel 

B theaterlchurch/a~sembly 

e school 

e hospital 

s multifamily 

@ mixed use. 

Within each activity category, buildings will be selected so as to insure 

representation over the range of annual use of e lectr ic i ty .  

Instrumentation of the buildings selected th rough  SCL will be ini t ia ted in 

March 1984 and will be completed no l a t e r  than October 1, 1984. Following the 

collection and preliminary examination of end-use data for a period of a t  leas t  

a week, each building will be thoroughly inspected and a portion of the results 

placed in a machine readable record. These "characteristics" data will be used 

as input t o  building simulation heat loss models. Following cal ibration of the 

models against the actual load data, the models will be used t o  assess the 

potential impacts of conservation measures considered likely by the inspection 

team. 

With the owner's informed consent, the levels of specified pollutants will 

be monitored in a group of up t o  30 buildings. Economic conservation measures 

will be implemented in a subset of up  t o  12 buildings, including measures that  
' 1  affect the rates of a i r  exchange, and the 1 eve1 s of a i r  pol 1 utants will be 

monitored once again. Mitigation measures will be offered in any case where 

A conservation measures adversely impact IAQ t o  a level exceeding established 

standards of safety. 



The t h i r d  group o f  b u i l d i n g s  t o  be i nc l uded  i n  t h i s  p r o j e c t  c o n s i s t s  o f  

those i n v o l v e d  i n  p r o j e c t s  r e c e i v i n g  fund ing  under BPA's CFIP. P a r t i c i p a t i o n  

i n  t h e  CFIP i n v o l v e s  t h e  adopt ion o f  conserva t ion  measures es t imated  t o  be 

c o s t - e f f e c t i v e  and acceptab le  under t he  l i m i t s  es tab l i shed  by BPA's c u r r e n t  

Environmental Impact Statement. An a t tempt  w i l l  be made t o  i ns t r umen t  b u i l d -  

i n g s  f rom the  CFIP as soon a f t e r  acceptance as poss ib l e  and a t  l e a s t  one month 

p r i o r  t o  t h e  adopt ion o f  t h e  proposed measures. 

E l e c t r i c i t y  demand data w i l l  be c o l l e c t e d  on an h o u r l y  b a s i s  f o r  each o f  

t h e  major  end-uses i n  each b u i l d i n g .  End-uses metered depend on t h e  t ype  o f  

a c t i v i t i e s  o c c u r r i n g  i n  t he  b u i l d i n g .  For  each a c t i v i t y  category ,  a  co re  s e t  

o f  end-uses w i l l  be mon i to red  i n  each b u i l d i n g .  The a v a i l  a b i l  i t y  o f  each o f  

t h e  loads f o r  separate mon i t o r i ng  w i l l  be a  c r i t e r i a  f o r  s e l e c t i o n  i n t o  t h e  

f i n a l  sample. To t h e  e x t e n t  t h a t  they a r e  a v a i l  ab le  as separate  1  oads, addi-  

t i o n a l  loads w i l l  be cons idered f o r  mon i t o r i ng  depending on t h e  percentage o f  

t h e  t o t a l  l o a d  accounted f o r  by t he  end-use. 

With t h e  p o s s i b l e  excep t ion  o f  c e r t a i n  warehouses, i t  i s  1 i k e l y  t h a t  t h e  

f o l l  owing t h r e e  end-use 1 oads w i l l  be mon i to red  i n  every b u i l  d ing:  

1. space heat ing,  v e n t i l  a t i ng ,  and cool  i n g  ( H V A C )  ; 

2. water heat ing;  and 

3. l i g h t i n g  

Other end-uses t o  be monitored, depending on t he  predominate a c t i v i t y  category ,  

i nc l  ude; 

4. food r e f r i g e r a t i o n  and f reez ing ;  

5. cooking; 

6. computers; 

7. 1  aundry equipment; 

8. o the r  1  arge spec ia l  i z e d  equipment; and 

9. e l eva to r s  and escal  a t o r s ;  

Add i t i ona l  end-uses may be monitored, as appropr ia te .  I n  a d d i t i o n ,  c e r t a i n  

b u i l d i n g s  may be d i v i d e d  i n t o  zones, and end-use loads moni tored separa te ly  f o r  

each zone. Microweather da ta  ( temperature,  humid i t y ,  and wind) w i l l  be moni- 

t o r e d  f o r  a  subset o f  b u i l d i n g s .  



Data Acquisition and Processing 

Three categories of data will be coll ected: 

1. Hourly electr ic i ty  demand for each major end-use; 

2 .  Characteristics of the structure and; 

3. Behavior and att i tudes of the owner and occupants. 

Hourly End-Use Data: A solid-state,  multichannel recorder designed by 

Pacific Northwest Laboratory will be used to collect e lec t r ic i ty  

demand for each major end-use on an hourly basis. Depending on the number of 

end-use loads monitored, data are stored for between 7 and 30 days. A t  appro- 

priate intervals,  the stored data are retrieved using telephone-based automatic 

remote interrogation equipment. Following retr ieval ,  the data will be reviewed 

for completeness and consistency; then transferred t o  permanent storage on 9 

track magnetic tape. Periodically, the data will be summarized and the sum- 

maries placed in f l a t  f i l e s  in preparation for analysis using any of the stan- 

dard s t a t i  st ical  packages. 

Characteristics of the Structure: Information concerning the thermal envelope 

and operating characteristics of the major end-using equipment will be obtained 

through detailed energy audits conducted by trained personnel. The form used 

in the commercial sector will 1 ikely be subdivided so that i t  may be more e f f i -  

ciently admini stered in each of the act ivi ty  categories. 

All of the forms will be constructed so as t o  f ac i l i t a t e  transfer t o  

machine-readable form and the data placed on magnetic computer tape. The data 

will be organized into f l a t  f i l e s  in preparation for analysis using standard 

s ta t i s t ica l  software. The f i l e s  will be structured so as t o  f ac i l i t a t e  merger 

with the end-use data. 

Behavior and Attitudes of Owners and Occupants: A large portion of the sample 

residences will be selected from those which participated in the 1983 PNWRES. 
1 Selection cr i t ical  characteristics will be verified prior t o  equipment instal - 

1 ation. The results of  the complete energy inspection will then be compared 

1 
with the survey responses, producing both an index of validity for use in con- 

junction with the survey data; and an index of occupant knowledge for use in 

conjunction w i t h  both the survey and the end-use load data. Residents will be 



p e r i o d i c a l l y  que r i ed  concern ing a1 t e r a t i o n s  made t o  t h e  thermal envelope and 

t h e  major end-use equipment. These and a d d i t i o n a l  quer ies  w i l l  be made i n  an 

e f f o r t  t o  measure c h a r a c t e r i s t i c s  o f  t h e  occupants' behav ior  and a t t i t u d e s  

which may c o n t r i b u t e  t o  exp lana t ions  o f  observed end-use l o a d  pa t t e rns .  Data 

f rom these i n q u i r i e s  w i l l  be t r a n s f e r r e d  t o  machine-readable f l a t  f i l e s  and 

prepared f o r  poss i  b l  e merger w i t h  the  c h a r a c t e r i  s t i c s  and end-use data f il es. 

Data comparable t o  t h a t  f rom the  PNWRES 83 does n o t  e x i s t  f o r  any o f  t h e  

commercial b u i l d i n g s .  Furthermore, p rev ious  at tempts t o  r e p l i c a t e  r e s i d e n t i a l  

methodologies i n  t h e  commercial sec to r  have proved t o  be expensive and o f  

dubious value. A search f o r  more cos t -e f f ec t i ve  methods w i l l  be conducted as a 

p a r t  o f  t h i s  p r o j e c t .  
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