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ABSTRACT 

Th i s  paper  d e s c r i b e s  i n n o v a t i o n s  i n s t i t u t e d  
i n  an ongoing energy a u d i t i n g  program f o r  l o c a l  
government b u i l d i n g s  i n  Lou i s i ana .  I n  o r d e r  t o  
p rov ide  a s  many a u d i t s  a s  p o s s i b l e  w i t h  t h e  funds  
a v a i l a b l e ,  a  two-pronged e f f o r t  was i n i t i a t e d  t o  
reduce t h e  c o s t  of conduc t ing  a u d i t s  and g e n e r a t i n g  
a u d i t  r e p o r t s  wh i l e  ma in ta in ing  high q u a l i t y  
r e s u l t s :  (1) s e n i o r  mechanical  e n g i n e e r i n g  s t u d e n t s  
were employed and t r a i n e d  a s  a u d i t o r s  and (2)  a  
microcomputer-based s o f t w a r e  sys tem was developed 
t o  automate much of t h e  a n a l y s i s ,  economic d e c i s i o n  
making, and composi t ion r e q u i r e d  f o r  t h e  a u d i t  
r e p o r t s .  

I n  a d d i t i o n  t o  p rov id ing  a  v a l u a b l e  e d u c a t i o n a l  
t o o l  f o r  t h e  s t u d e n t s  and a  s t r e a m l i n e d  c o s t  
e f f e c t i v e  means of  g e n e r a t i n g  a u d i t  r e p o r t s  f o r  
l o c a l  governments, t h i s  p r o j e c t  can p o t e n t i a l l y  
improve t h e  energy e f f i c i e n c y  by a s  much a s  1.768 
MMBTU/yr p e r  b u i l d i n g .  These numbers a r e  ex t r apo-  
l a t e d  from t h e  r e s u l t s  of  t h i s  program performed 
i n  1986 b e f o r e  t h e  development and u s e  of  t h e  
microcomputer-based s o f t w a r e  system. 

DESCRIPTION OF PROGRAM 

The Local  Government Bu i ld ing  Energy Audi t  
program is  sponsored by t h e  Lou i s i ana  Department 
of  Na tu ra l  Resources ,  Energy D i v i s i o n  and funded 
by t h e  U.S. Department of  Energy. The purpose  of 
t h e  program is  t o  r educe  energy consumption i n  
b u i l d i n g s  owned by l o c a l  governments i n  Lou i s i ana .  
Th i s  i s  accomplished by p rov id ing  l o c a l  government 
b u i l d i n g  managers w i t h  energy c o n s e r v a t i o n  i n f o r -  
mation p e r t i n e n t  t o  t h e i r  b u i l d i n g s  i n  t h e  form of  
a  w r i t t e n  a u d i t  r e p o r t  r e s u l t i n g  from an o n - s i t e  
survey of each b u i l d i n g .  The r e p o r t s  a r e  provided 
a t  no c o s t  t o  t h e  l o c a l  government. 

Because funds  a v a i l a b l e  t o  l o c a l  governments 
f o r  implementat ion of  energy c o n s e r v a t i o n  measures  
a r e  l i m i t e d ,  t h e  a u d i t  r e p o r t s  c o n c e n t r a t e  on 
energy s a v i n g  changes t h a t  can be  implemented wi th-  
o u t  l a r g e  e x p e n d i t u r e s .  The r e p o r t s  i n c l u d e  an 
a n a l y s i s  of  t h e  energy consumption of t h e  b u i l d i n g  
based on d a t a  ob ta ined  from u t i l i t y  b i l l s ,  d a t a  
on b u i l d i n g  use  schedu les ,  energy consuming sys tems,  
and b u i l d i n g  envelope p l u s  recommendations f o r  
r educ ing  b u i l d i n g  energy consumption. 

The des ign  o f  an  a u d i t  program i n  which a v a i l a -  
b l e  funding is l i m i t e d  i n v o l v e s  a  compromise 
between s e r v i n g  a  s m a l l  number of  c l i e n t s  w i t h  
d e t a i l e d  a u d i t  r e p o r t s  r e q u i r i n g  a  l a r g e  number o f  

p r o f e s s i o n a l  and c l e r i c a l  man-hours p e r  r e p o r t ,  and 
s e r v i n g  a  l a r g e  number of c l i e n t s  w i th  l e s s  d e t a i l e d  
r e p o r t s  t h a t  r e q u i r e  fewer  man-hours f o r  s i te 
v i s i t s ,  a n a l y s i s ,  and r e p o r t  p r e p a r a t i o n .  

I n  t h e  l a t t e r  c a s e ,  t h e  maximum number of  
c l i e n t s  is  se rved  by a  program i n  which t h e  a u d i t o r  
checks  o f f  i t e m s  on a  p r i n t e d  l ist  of r ecomen-  
d a t i o n s  ( a l s o  r e f e r r e d  t o  a s  Energy Conservat ion 
O p p o r t u n i t i e s  o r  "ECOs") a s  he  i n s p e c t s  t h e  b u i l d i n g  
and g i v e s  t h e  l i s t  t o  t h e  b u i l d i n g  manager a s  he 
l e a v e s  t h e  b u i l d i n g .  The c o s t  p e r  b u i l d i n g  surveyed 
is minimized i n  t h i s  c a s e  because  t h e  a u d i t o r  spends  
a  minimum amount o f  t ime o n - s i t e  i n  t h e  b u i l d i n g  
s i n c e  he  does  ve ry  l i t t l e  c o l l e c t i o n  o f  d a t a  d u r i n g  
h i s  i n s p e c t i o n .  No t ime is  s p e n t  performing an 
economic a n a l y s i s  o f  t h e  ene rgy  c o n s e r v a t i o n  recom- 
mendations s i n c e  recommendations a r e  made based on 
g e n e r a l  g u i d e l i n e s  r a t h e r  t h a n  t h e  c o n d i t i o n s  t h a t  
app ly  t o  a  s p e c i f i c  b u i l d i n g .  Once t h e  a u d i t  v i s i t  
is complete ,  no p r o f e s s i o n a l  o r  c l e r i c a l  t ime is  
s p e n t  on p r e p a r a t i o n  of t h e  r e p o r t .  I n  t h e  c a s e  
when no anal .ys is  i s  performed,  t h e  a u d i t o r  can be a  
pe r son  w i t h  l i m i t e d  t r a i n i n g  and expe r i ence .  

The shor tcomings  of  such  a  minimum c o s t  a u d i t  
r e p o r t  a r e  obvious .  The r e p o r t  i s  l e s s  a c c u r a t e  
because  i t  is  based on g e n e r a l  g u i d e l i n e s  r a t h e r  
than  an a n a l y s i s  o f  s p e c i f i c  b u i l d i n g  c o n d i t i o n s .  
I d e a s  t h a t  a r e  economical ly  a t t r a c t i v e  f o r  a  par- 
t i c u l a r  c a s e  may b e  omi t t ed  from t h e  g e n e r a l  guide- 
l i n e s  because  they a r e  n o t  a t t r a c t i v e  i n  a l l  c a s e s ,  
w h i l e  some i d e a s  may be  recommended based on t h e  
g u i d e l i n e s  of  an  economic a n a l y s i s  f o r  a  p a r t i c u l a r  
b u i l d i n g .  I n  a d d i t i o n ,  t h e  b u i l d i n g  manager is  
l i k e l y  t o  put  l e s s  f a i t h  i n  a  c h e c k l i s t  t ype  r e p o r t  
t han  i n  a  more d e t a i l e d  r e p o r t  p repa red  s p e c i f i -  
c a l l y  f o r  a  p a r t i c u l a r  b u i l d i n g ,  and implementat ion 
may n o t  be  accomplished. 

The l o c a l  government b u i l d i n g  a u d i t  programs 
sponsored by t h e  Lou i s i ana  Department of  N a t u r a l  
Resources  have produced modera t e ly  comprehensive 
r e p o r t s ,  based on d a t a  g a t h e r e d  d u r i n g  a  s i te  v i s i t  
of  one day o r  less, w i t h  recommendations based on 
d a t a  s p e c i f i c  t o  each  b u i l d i n g .  Bu i ld ing  d a t a  and 
q u a n t i t a t i v e  e s t i m a t e s  o f  ene rgy  s a v i n g s  a r e  con- 
t a i n e d  i n  each r e p o r t  a l o n g  w i t h  s u g g e s t i o n s  f o r  
implementat ion.  

PROGRAM GOAL 

A c o n t i n u i n g  g o a l  i n  t h e  Loca l  Government 
Bu i ld ing  Energy Audi t  program i s  t o  i n c r e a s e  t h e  
b e n e f i t / c o s t  r a t i o .  Ways were  then  sough t  t o  
i n c r e a s e  t h e  r a t i o  o f  t h e  s a v i n g s  i n  ene rgy  r e a l i z e d  
through t h e  program, t o  t h e  program c o s t .  

CONSTRAINTS 

The Loca l  Governments B u i l d i n g  Energy Audi t  
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Program opera tesunder  a  number of c o n s t r a i n t s .  
These c o n s t r a i n t s  inc lude  t h e  need t o  a u d i t  a  wide 
v a r i e t y  of bu i ld ings  ranging from smal l  r e s i d e n t i a l -  
type b u i l d i n g s  of about  one thousand square  f e e t  of 
f l o o r  a rea  t o  l a r g e  complex bu i ld ings  of s e v e r a l  
hundred thousand square  f e e t  of f l o o r  a r e a  such a s  
convention c e n t e r s ,  a renas ,  and mult i -s tory o f f i c e  
bui ldings .  I n  a d d i t i o n ,  t h e  b u i l d i n g s  t o  be aud i t ed  
a r e  l o c a t e d  throughout t h e  s t a t e ,  r e q u i r i n g  c a r e f u l  
schedul ing t o  minimize t r a v e l  t i m e  and c o s t .  
Fur the r  complicat ions  occur  s i n c e  l o c a l  governments 
i n  Louis iana a r e  served by a  l a r g e  number of u t i l i -  
t y  companies with  a  wide v a r i e t y  of r a t e  schedules .  

The a u d i t s  must be performed a t  no c o s t  t o  t h e  
l o c a l  government. and t h e  recommendations f o r  
energy sav ings  must be those  t h a t  can be imple- 
mented a t  no c o s t  o r  low c o s t  t o  t h e  munic ipa l i ty .  
F i n a l l y ,  t h e  r e p o r t s  must be w r i t t e n  f o r  t h e  non- 
t e c h n i c a l  r e a d e r ,  s i n c e  most of t h e  people who 
r e c e i v e  and a c t  on t h e  r e p o r t s  do n o t  have a  techni-  
c a l  background. 

LOUISIANA DNR--LOUISIANA TECH UNIVERSITY APPROACH 

I n  s tudying t h e  goal  of i n c r e a s i n g  t h e  r a t i o  
of energy sav ings  t o  program c o s t .  It appeared t h a t  
major c o s t  r e d u c t i o n s  were p o s s i b l e  i n  t h e  a r e a  of 
s a l a r i e s  f o r  p r o f e s s i o n a l  personnel  who conduct t h e  
a u d i t s ,  perform the  a n a l y s i s ,  and w r i t e  t h e  r e p o r t s .  
Reduction of c o s t s  f o r  p r o f e s s i o n a l  s e r v i c e s  seemed 
poss ib le  through two avenues: reducing the  time 
requ i red  by a u d i t o r s  i n  performing t h e  ana lyses  and 
w r i t i n g  t h e  r e p o r t s ,  and minimizing t h e  use  of 
experienced energy a u d i t o r s  who must be paid a  h igh  
hourly  r a t e .  

The Department of Mechanical and I n d u s t r i a l  
Engineering a t  Louis iana Tech Univers i ty  proposed 
a  two-pronged approach t o  bu i ld ing  energy a u d i t i n g  
aimed a t  reducing t h e  c o s t s  f o r  p r o f e s s i o n a l  
se rv ices .  The proposed approach involved,  f i r s t .  
employing a s  bu i ld ing  energy a u d i t o r s  s e n i o r  
mechanical eng ineer ing  s t u d e n t s  t r a i n e d  and super- 
v i s e d  by f a c u l t y  members experienced i n  energy 
aud i t ing .  It was f e l t  t h a t  t h i s  approach would 
make use  of  t h e  s t u d e n t s '  knowledge of eng ineer ing  
fundamentals a s  w e l l  a s  t h e  knowledge and exper ience 
of the  f a c u l t y  members superv i s ing  t h e  program i n  
such a  way a s  t o  reduce t h e  c o s t  of s i t e  v i s i t s ,  
a n a l y s i s  and r e p o r t  w r i t i n g  without  s a c r i f i c i n g  
the  q u a l i t y  of t h e  r e p o r t s .  

The second f a c e t  of t h e  approach involved a  
commitment t o  automate t h e  genera t ion  of t h e  r e p o r t s  
a s  much a s  p o s s i b l e  t o  reduce t h e  time requ i red  by 
a u d i t o r s  f o r  r e sea rch ,  c a l c u l a t i o n ,  and composition 
of r e p o r t  components. I t  was f e l t  t h a t  an accept-  
a b l e  system of r e p o r t  genera t ion  must be based on 
a u d i t o r  i n t e r a c t i o n  i n  t h e  c o n s t r u c t i o n  of t h e  
r e p o r t  and provide f o r  a l t e r i n g  t h e  c a l c u l a t i o n s  
and t e x t  of  a  r e p o r t  t o  f i t  each p a r t i c u l a r  b u i l d i n g  
aud i t ed .  

DETAILSOF THE APPROACH 

The new approach was implemented i n  two s t a g e s .  
I n  t h e  f i r s t  yea r ,  s tuden t  a u d i t o r s  were employed 
and t h e  f e a s i b i l i t y  of us ing s t u d e n t  a u d i t o r s  was 
demonstrated. The so f tware  system f o r  automated 

r e p o r t  genera t ion  was implemented t h e  fo l lowing  year .  
I n  both these  y e a r s ,  the  Louis iana Tech Univers i ty  
was t h e  c o n t r a c t o r  employed t o  c a r r y  o u t  t h e  Local 
Government Bui lding Energy Audit program. A l l  a u d i t s  
were performed dur ing  t h e  summer months. 

The s t u d e n t s  employed a s  a u d i t o r s  were mechani- 
c a l  eng ineer ing  majors who had completed t h e i r  jun io r  
yea r .  These s t u d e n t s  had completed courses  i n  
thermodynamics, f l u i d  mechanics, h e a t  t r a n s f e r ,  b a s i c  
e l e c t r i c a l  c i r c u i t s ,  and eng ineer ing  economy. They 
t h u s  had a  knowledge of t h e  eng ineer ing  fundamentals 
r equ i red  t o  perform ana lyses  of energy conse rva t ion  
o p p o r t u n i t i e s  i n  bu i ld ings .  

Each s tuden t  a u d i t o r  was requ i red  t o  complete 
a  f o r t y  clock-hour course  on t h e  fundamentals of 
b u i l d i n g  energy a u d i t i n g  p r i o r  t o  beginning work a s  
an a u d i t o r .  A t  t h e  end of t h e  course ,  f a c u l t y  
members accompanied s t u d e n t s  on a u d i t s  of f o u r  
b u i l d i n g s  so  t h a t  t h e  a u d i t o r s  gained confidence and 
exper ience be fore  performing a u d i t s  on t h e i r  own. 

A s  t h e  a u d i t i n g  program progressed ,  f a c u l t y  
s u p e r v i s o r s  p e r i o d i c a l l y  accompanied s t u d e n t s  on 
a u d i t s  a s  a  means of v e r i f y i n g  t h e  q u a l i t y  of t h e  
work done on t h e  s i t e  v i s i t .  When very  l a r g e  and 
complex b u i l d i n g s  were a u d i t e d ,  a  f a c u l t y  superv i so r  
u s u a l l y  accompanied t h e  a u d i t o r .  Audi tors  per-  
formed t h e  r e s e a r c h  and c a l c u l a t i o n  requ i red  f o r  the  
r e p o r t s  and composed t h e  r e p o r t s ,  c o n s u l t i n g  f a c u l t y  
members a s  necessary.  I n  a d d i t i o n ,  each r e p o r t  was 
reviewed by a  f a c u l t y  superv i so r  be fore  t h e  r e p o r t  
was i s sued .  

During t h e  i n i t i a l  phase of t h e  p r o j e c t ,  word 
p rocessors  and " b o i l e r p l a t e "  f i l e s  were used ex- 
t e n s i v e l y  t o  minimize t h e  c l e r i c a l  work requ i red  t o  
p repare  an a u d i t  r e p o r t .  I n  t h e  second phase of t h e  
p r o j e c t ,  an i n t e g r a t e d  so f tware  system was devised 
t o  reduce n o t  only t h e  c l e r i c a l  work requ i red  t o  
p repare  a  r e p o r t ,  bu t  t h e  time requ i red  by t h e  audi-  
t o r  i n  r e s e a r c h i n g  f a c t s  and d a t a ,  performing calcu-  
l a t i o n s ,  and composing p a r t s  of t h e  r e p o r t .  

Th i s  system c o n s i s t e d  of  a  d a t a  base  o r  
l i b r a r y  con ta in ing  f r e q u e n t l y  encountered recom- 
mendations f o r  energy conse rva t ion  i n  b u i l d i n g s  a long 
wi th  o t h e r  components of a  t y p i c a l  r epor t . .  The 
e n t r y  f o r  each recommendation con ta ined  t h e  t e x t  of  
t h e  recommendation, in fo rmat ion  s c r e e n s  con ta in ing  
d a t a  necessa ry  f o r  c a l c u l a t i o n s  t h a t  would o the rwise  
have t o  be  looked up i n  r e f e r e n c e s ,  and p rogramed  
c a l c u l a t i o n s  f o r  economic f e a s i b i l i t y  and energy 
savings.  

A f t e r  completing a  s i t e  v i s i t ,  t h e  a u d i t o r  sits 
a t  a  microcomputer and e n t e r s  s i te d a t a  i n  response 
t o  prompts by t h e  sof tware .  Using a  list of  p o s s i b l e  
energy sav ing  recommendations prepared dur ing  t h e  
b u i l d i n g  survey,  he  c a l l s  up each p o s s i b l e  recom- 
mendation on h i s  l i s t .  For each recommendation, he 
e n t e r s  b u i l d i n g  d a t a  requ i red  by t h e  programs t h a t  
p r e d i c t  economic f e a s i b i l i t y  and energy sav ings .  
Reference d a t a ,  equipment p r i c e s ,  etc. a r e  e i t h e r  a  
p a r t  of the  programs; o r  i f  t h e  a u d i t o r  needs t o  
make a  cho ice  of t h e  proper  d a t a  v a l u e s  f o r  t h e  par-  
t i c u l a r  b u i l d i n g  which the  r e p o r t  i s  being prepared.  
they can be d i sp layed  on t h e  sc reen .  I f  t h e  calcu-  
l a t i o n s  show t h e  recommended a c t i o n  t o  be economi- 
c a l l y  a t t r a c t i v e ,  t h e  a u d i t o r  e d i t s  t h e  t e x t  of t h e  
recommendation t o  t h e  f i l e .  A f t e r  t h e  a u d i t o r  has  
completed h i s  work a t  t h e  keyboard, t h e  r e p o r t  f i l e  
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can be turned ove r  t o  c l e r i c a l  pe r sonne l  f o r  
p r i n t i n g .  

Experience has  shown t h a t  t h e  sys tem does  
reduce t h e  t i m e  r e q u i r e d  by a u d i t o r s ,  s u p e r v i s o r s ,  
and c l e r i c a l p e r s o n n e l  f o r  each r e p o r t .  Less  
keying,  proof-reading,  c a l c u l a t i o n ,  checking of 
c a l c u l a t i o n s ,  and c o n s u l t i n g  of r e f e r e n c e s  is 
requ i red .  The r e s u l t i n g  r e p o r t s  a r e  more uniform. 
t e c h n i c a l l y  c o r r e c t ,  and more d e t a i l e d  than  r e p o r t s  
genera ted u s i n g  a  manual system. I n  f a c t ,  t h e  
completeness  and d e t a i l  of a  b u i l d i n g  a u d i t  r e p o r t  
is now l i m i t e d  by t h e  t i m e  a v a i l a b l e  f o r  g a t h e r i n g  
d a t a  a t  t h e  b u i l d i n g  s i t e  r a t h e r  than  t h e  t ime 
a v a i l a b l e  f o r  a n a l y s i s  and w r i t i n g  of t h e  r e p o r t .  
D e t a i l s  of  t h e  s o f t w a r e  sys tem and i ts  u s e  a r e  
g iven below. 

REPORT GENERATION 

The p a s t  decade h a s  s e e n  a  r e v o l u t i o n  i n  t h e  
computer i n d u s t r y  w i t h  t h e  i n t r o d u c t i o n  of t h e  
microcomputer and minicomputer.  The a v a i l a b i l i t y  
of  t h e s e  machines and h igh  l e v e l  a p p l i c a t i o n s  s o f t -  
ware f o r  them h a s  f o s t e r e d  a  new look  a t  t r a d i t i o n a l  
ways of  hand l ing  problems i n  e n g i n e e r i n g  and a l l  
a r e a s  of t h e  b u s i n e s s  world .  I n  e n g i n e e r i n g  t h e  
computer h a s  always been u t i l i z e d  a s  a  number 
c runche r ,  and i ts r o l e  i n  t h i s  a r e a  c o n t i n u e s  t o  
expand wi th  t h e  development of new methods of 
hand l ing  l a r g e r  and more compl icated problems. I n  
a  s i m i l a r  manner new a p p l i c a t i o n s  a r e  now be ing  
found i n  o t h e r  a r e a s  f o r  b a s i c  a p p l i c a t i o n s  such a s  
word p rocess ing .  s p r e a d s h e e t s ,  g r a p h i c s ,  desk top  
p u b l i s h i n g ,  and d a t a  b a s e  management. Each a r e a  of 
new a p p l i c a t i o n  is hav ing  t o  a d j u s t  t o  some e x t e n t  
t o  t h e  impact of t h e  change t h a t  i s  f o r c e d  upon i t  
by t h e  new t o o l s ;  bu t  many new concep t s  and tech-  
n iques  a r e  evo lv ing  t o  hand le  t r a d i t i o n a l  t a s k s .  
Some o f  t h e s e  t a s k s  may now be  performed i n  a  revo-  
l u t i o n a r y  manner; and i n  most c a s e s ,  t h e  r o l e  of  t h e  
i n d i v i d u a l  i n  complet ing t h e  t a s k  is changed 
markedly.  

More compl icated t a s k s  a r e  addres sed  u s i n g  
i n t e g r a t e d  a p p l i c a t i o n s  which r e q u i r e  s imul t aneous  
u s e  of s e v e r a l  of  t h e  b a s i c  a p p l i c a t i o n s .  The 
c h o i c e s  of methods a v a i l a b l e  t o  perform t h e s e  t a s k s  
va ry  w i t h  t h e  d i f f e r e n t  packages a v a i l a b l e .  Some 
packages a l low one t o  perform each  b a s i c  a p p l i c a t i o n  
i n d i v i d u a l l y  and combine t h e  r e s u l t s  a t  t h e  end. 
w h i l e  o t h e r s  u t i l i z e  an  a p p l i c a t i o n  package t h a t  
w i l l  i n t e g r a t e  t h e  b a s i c  a p p l i c a t i o n s  i n t o  a  more 
g e n e r a l  and f l e x i b l e  t o o l .  The p r e s e n t  pape r  d e a l s  
w i th  a  powerful  i n t e g r a t e d  microcomputer s o f t w a r e  
package t h a t  p r e p a r e s  d a t a  f o r  p u b l i s h i n g  a  number 
o f  e n g i n e e r i n g  r e p o r t s .  

The s e l e c t i o n  of a n  a c c e p t a b l e  i n t e g r a t e d  
a p p l i c a t i o n  package was based upon t h e  requirement  
t h a t  i t  was t o  be used a s  a  t o o l  by t h e  i n d i v i d u a l  
r e p o r t  a u t h o r  t o  a s s i s t  him i n  r e p o r t  g e n e r a t i o n ;  
i t  was i n  n o  way t o  r e p l a c e  h i s  f u n c t i o n  i n  t h e  
r e p o r t i n g  procedure .  E s s e n t i a l l y  t h e  package was 
r e q u i r e d  t o  have c a p a b i l i t i e s  t o  perform a c c e p t a b l e  
word p r o c e s s i n g ,  sp readshee t  c a l c u l a t i o n s ,  and 
b a s i c  g r a p h i c s  p r e s e n t a t i o n s  f o r  d a t a  d i s p l a y .  Some 
d a t a  base  c a p a b i l i t i e s  f o r  p r o v i d i n g  a  ba tch  o r  b a s e  
of known i n p u t  in fo rma t ion ,  bo th  numeric and a lpha-  
numeric was d e s i r e d .  A d d i t i o n a l l y ,  i n  keeping 

w i t h  t h e  desk top  phi losophy of many of t h e  bc 
computer app1 ica t ions ; i t  was f e l t  t h a t  t h e  t 
of d a t a  i n p u t  and o u t p u t  should  correspond t c  
e v e r  mode, i n t e r a c t i v e  o r  b a t c h ,  was convenic 
and n a t u r a l  t o  t h e  u s e r .  F i n a l l y ,  i t  was dec 
impor t an t  t o  be a b l e  t o  p r e p a r e  and p u b l i s h  t 
r e p o r t s  w i thou t  unnecessa ry  e x p e n d i t u r e  of t J  
t a l e n t ;  t h e  r e p o r t  was t o  be e a s i l y  d u p l i c a t e  
a  number of s i m i l a r  s i t u a t i o n s .  

THE INTEGRATED SOFTWARE PACKAGE 

The s o f t w a r e  c o n t a i n s  a  word p r o c e s s o r  r 
s p e l l i n g  checke r ,  a  s p r e a d s h e e t ,  a n  o u t l i n e r ,  
g raph ing  and d a t a  management c a p a b i l i t i e s ,  p l  
te lecommunicat ions .  A d d i t i o n a l l y ,  i t  c o n t a i r  
programming language t h a t  a l l o w s  c r e a t i o n  of 
a p p l i c a t i o n s ,  and i t  a l s o  p r o v i d e s  macro capz 
The l a t t e r  two f e a t u r e s  a r e  n o t  i n h e r e n t  i n  E 

s i m i l a r  a p p l i c a t i o n  packages.  The package i s  
copy p r o t e c t e d ,  t h u s  a l l o w i n g  its e a s y  u s e  on 
w i t h  ha rd  d i s k s .  The ha rd  d i s k  c a p a b i l i t y  i s  
mandatory.  

The package works i n  a  desk top  environme 
s imula t ed  on t h e  computer s c r e e n .  The desk tc  
t a i n s  a  menu b a r ,  a  d i s k  f i l e .  a  l i b r a r y  f i l e  
t r a y s  t o  s t o r e  documents f o r  ready a c c e s s  t o  
desktop.  The main document on t h e  desk top  i s  
t a i n e d  i n  a  frame. It may be  any t y p e  o f  doc 
of b a s i c  a p p l i c a t i o n  f o r  word p r o c e s s i n g ,  sp r  
s h e e t s ,  e t c . ;  a n d , t h e r e  may b e  more than one 
of d i f f e r e n t  t y p e s  p r e s e n t .  The f rames may b 
n e s t e d ,  r e s i z e d ,  o r  r e l o c a t e d  on t h e  s c r e e n .  
may be p u t  w i t h i n  o t h e r  f r ames  f o r  maximum f l  
b i l i t y  t o  o r g a n i z e  any combinat ion of sp reads  
d a t a b a s e ,  graph o r  t e x t  d a t a .  The number of  
is l i m i t e d  on ly  by computer memory. 

Word p r o c e s s i n g  i n  t h e  s o f t w a r e  is condu 
i n  a  word frame. The b a s i c  e d i t i n g  and t e x t  
l a t i o n  f e a t u r e s  a r e  performed u s i n g  t h e  cu r sc  
command keys ,  and menu s e l e c t i o n s .  Cut. copy 
p a s t e  a r e  e f f e c t e d  w i t h  t h e  f u n c t i o n  keys .  

A  d a t a  b a s e  s t r u c t u r e  i s  made up of  r eca  
and f i e l d s  t o  co r re spond  t o  rows and columns 
computer s c r e e n .  Data  may be  e n t e r e d  o r  v i ek  
e i t h e r  t a b l e  o r  form view;  and f rames con ta in  
t h e  l a t t e r  may be  used t o  d e s i g n  custom forms 
s u i t a b l e  d a t a  e n t r y  o r  p r e s e n t a t i o n .  S o r t i n g  
s e a r c h i n g  and f i l t e r i n g  f u n c t i o n s  a r e  a v a i l a b  

The s p r e a d s h e e t  i s  t y p i c a l  of  most s p r e a  
s t r u c t u r e s  and c a p a b i l i t i e s .  It c e n t e r s  arou 
c e l l  i d e n t i f i e d  by row and column number of E 
name r e f e r e n c e .  A  u s e f u l  complement of  f u n c t  
a r e  a v a i l a b l e  p l u s  t h e  c a p a b i l i t y  t o  c r e a t e  c 
f u n c t i o n s .  

The s o f t w a r e  draws a  v a r i e t y  of  g raphs  f 
t h e  d a t a  i n  s p r e a d s h e e t s  o r  d a t a  b a s e  frames. 
Choices  a r e  made t y p i c a l l y  from menu s e l e c t i a  
many o p t i o n s  a r e  a v a i l a b l e  f o r  enhancing t h e  
appearance.  Automatic o r  manual u p d a t i n g  of 
graph w i t h  changes  i n  i n p u t  d a t a  a r e  p o s s i b l e  

The s o f t w a r e  programming l anguage  is  no t  
any o t h e r  programming language such a s  FORTRA 
COBOL. It is  a  g e n e r a l  pu rpose  language t h a t  
sists of  v a r i o u s  commands f o r  c o n t r o l ,  f o r  op 
t o  perform f u n c t i o n s  on v a r i a b l e s  of d i f f e r e n  
t y p e s ,  f o r  f u n c t i o n s  of  t h e  s p r e a d s h e e t  v a r i e  
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and f o r  v a r i a b l e s  o r  c o n s t a n t s .  Its power l i e s  i n  
t h e  f a c t  t h a t  i ts  c a p a b i l i t y  e x t e n d s  beyond number 
crunching and s p r e a d s h e e t  man ipu la t ions .  P r a c t i -  
c a l l y  any d a t a  h a n d l i n g  o p e r a t i o n  may be  performed. 
i n c l u d i n g  word p rocess ing  f u n c t i o n s ,  p r i n t i n g  
f u n c t i o n s ,  s p r e a d s h e e t  c a l c u l a t i o n s ,  d a t a  base  
manipula t ion,  and e g r a p h i c  d i s p l a y .  I n  e s sence .  
d a t a  hand l ing  c a p a b i l i t y  is  extended t o  a l l  p o r t i o n s  
of  a  r e p o r t  and t h e  program may be  d i r e c t e d  a t  
g e n e r a t i n g  t h e  e n t i r e  r e p o r t ,  p i e c e  by p i e c e ,  from 
p e r t i n e n t  d a t a  c o n s i s t i n g  of numerical  and/or  a lpha-  
numerical  i n fo rma t ion  s u p p l i e d  e i t h e r  i n t e r -  
a c t i v e l y  o r  ba t ch  i n c l u s i o n .  The f l e x i b i l i t y  t h a t  
is a c c e s s i b l e  i n  performing a  j o b  is n e a r l y  un l imi t -  
ed.  It would seem t o  approach t h e  v a r i o u s  c h o i c e s  
a v a i l a b l e  t o  c a l c u l a t e ,  c u t  and p a s t e  on a  r e a l  
desktop.  An a d d i t i o n a l  advantage is  t h a t  t h e  
language syn tax  o r  r u l e s  f o r  combining language 
e lements  i s  n o t  compl icated b u t  i s  r e l a t i v e l y  easy  
t o  l e a r n .  

REPORT STRUCTURE 

The o v e r a l l  s t r u c t u r e  of a l l  r e p o r t s  involved 
i n  t h i s  program fo l lows  t h e  same format ;  and many 
p o r t i o n s  a r e  g e n e r i c  and d u p l i c a t e d t i n . e a c h  r e p o r t .  
These common p o r t i o n s  a r e  s imply s u p p l i e d  a s  f i x e d  
d a t a  i n  word f rames and a r e  o u t p u t  i n  p rope r  
sequence t o  t h e  p r i n t e r  on command from t h e  r e p o r t  
program. 

S i m i l a r l y ,  some d a t a  i s  g e n e r i c  i n  form b u t  
may d i f f e r  i n  number of d e s c r i p t i o n  from one 
a u d i t e d  l o c a t i o n  t o  ano the r .  Such d a t a  a s  name 
of l o c a t i o n ,  d a t e  a u d i t e d ,  e t c .  f a l l s  i n t o  t h i s  
ca tegory.  T h i s  d a t a  may be  s u p p l i e d  i n t e r a c t i v e l y  
t o  a  d a t a  base  which i s  accessed  d u r i n g  r e p o r t  
compi la t ion o r  d u r i n g  a  p rep rocess ing  pe r iod  b e f o r e  
r e p o r t  gene ra t ion .  

Audit d a t a  may f a l l  i n t o  a  ca t egory  s i m i l a r  t o  
t h e  above g e n e r i c  d a t a  excep t  t h a t  each l o c a t i o n  
w i l l  n o t  have s i m i l a r  equipment o r  b u i l d i n g  l a y o u t .  
Th i s  d a t a  w i l l  u s u a l l y  be unique t o  t h e  f a c i l i t y  
be ing  a u d i t e d .  Some of  t h i s  t ype  of  d a t a  may b e  
supp l i ed  t o  a  p rep rocess ing  program p r i o r  t o  runn ing  
t h e  r e p o r t  program, w h i l e  some may be r e q u i r e d  of  an  
ECO program embedded w i t h i n  t h e  o v e r a l l  r e p o r t  
program. A p rep rocess ing  t r ea tmen t  is r e q u i r e d  i n  
t h e  l a t t e r  c a s e  a s  t h e  ECOs a r e  t h e  most impor t an t  
p o r t i o n  o f  t h e  r e p o r t s .  The a u d i t o r  who made t h e  
s i t e  v i s i t  must t a i l o r  each ECO f o r  a  s p e c i f i c  
a p p l i c a t i o n ,  check its t e x t  and c a l c u l a t i o n s ,  and 
i n s u r e  t h a t  i t  i s  bo th  a p p r o p r i a t e  and c o r r e c t .  

The ECOs w i l l  f a l l  i n t o  two g e n e r a l  c l a s s e s .  
F i r s t ,  many ECOs w i l l  b e  commonly a p p l i c a b l e  t o  a  
number of s i t e s .  These ECOs w i l l  be  a l r e a d y  pre-  
pared and a v a i l a b l e  i n  a  l i b r a r y  i n  a  format  t h a t  
w i l l  a l low a p p r o p r i a t e  d a t a  t o  be  f i l l e d  i n ,  ap- 
p r o p r i a t e  s p r e a d s h e e t s  t o  be  c a l l e d ,  and d e s i r e d  
r e s u l t s  t o  be t a b u l a t e d  and inc luded .  The ECO is  
then a t t a c h e d  t o  t h e  r e p o r t ,  and t h e  d a t a  is 
assembled i n t o  a  summary r e p o r t  d a t a  base.  

Other  ECOs t h a t  a r e  n o t  a v a i l a b l e  i n  t h e  
l i b r a r y  w i l l  have t o  be c o n s t r u c t e d  i n d i v i d u a l l y  
i n  a  s t a n d a r d  format  ( f o r  i n c l u s i o n  i n  t h e  l i b r a r y )  
and then a t t a c h e d  t o  t h e  r e p o r t  a s  above. 

Repor t  summary d a t a  i n  t h e  form of  energy and 
d o l l a r s  s a v i n g s  p r o j e c t e d  w i l l  be  developed i n  

s p r e a d s h e e t  form f o r  a p p r o p r i a t e  t o t a l i n g  and a l s o  
f o r  c o n s i d e r a t i o n  of v a r i o u s  o p t i o n s  a v a i l a b l e .  A  
word summary must be  provided by t h e  a u d i t o r  a s  a  
f i n a l  check on t h e  a u d i t  r e s u l t s .  

REPORT PUBLISHING 

The r e p o r t  i s  pub l i shed  o r  gene ra t ed  by pro- 
c e s s i n g  w i t h  t h e  s t a n d a r d  r e p o r t  program. A main 
o b j e c t i v e  of  t h e  p r e s e n t  approach t o  t h e  a u d i t  pro- 
gram i s  t o  save  unwarranted t ime and money i n  t h e  
p roduc t ion  of  t h e  a u d i t  v i s i t s  a s  w e l l  a s  t h e  a u d i t  
r e p o r t s .  The f i n a l  p r i n t i n g  o f  t h e  r e p o r t s  i s  t h u s  
automated and does  n o t  r e q u i r e  o p e r a t o r  i n t e r v e n t i o n .  
The i n t e g r a t i o n  of t h e  d a t a  f o r  bo th  i n p u t  and o u t p u t  
i n t o  p r e p r o c e s s i n g  t a s k s  conducted by t h e  a u d i t o r  
p r o v i d e s  o p p o r t u n i t y  f o r  t h e  a u d i t o r  t o  check f o r  
completeness  and c o r r e c t n e s s  p r i o r  t o  t h e  r e p o r t  
g e n e r a t i o n .  Thus r e l i e v i n g  him of t h e  p o s s i b i l i t y  
of  having t o  r edo  t h e  r e p o r t .  E f f e c t i v e l y .  t h e  
r e p o r t  i s  pub l i shed  i n ,  a s  n e a r l y  a s  p o s s i b l e ,  an  
au tomat i c  procedure .  

ADVANTAGES 

Exper ience  w i t h  t h e  approach t o  b u i l d i n g  energy 
audit in^ desc r ibed  h a s  shown t h a t  t h e  combination of - 
employing s e n i o r  mechanical  e n g i n e e r i n g  s t u d e n t s  a s  
a u d i t o r s  combined w i t h  a  microcomputer based auto- 
mated r e p o r t  g e n e r a t i n g  sys tem can d e c r e a s e  t h e  c o s t  
p e r  b u i l d i n g  a u d i t e d  w h i l e  m a i n t a i n i n g  h i g h  q u a l i t y  
r e p o r t s .  I n t e r a c t i v e  u s e  of  t h e  sys tem by t h e  
a u d i t o r  is  an e s s e n t i a l  f a c t o r  i n  i n s u r i n g  t h a t  t h e  
recommendations con ta ined  i n  t h e  r e p o r t  a r e  c o r r e c t  
f o r  t h e  s p e c i f i c  c o n d i t i o n s  observed by t h e  a u d i t o r  
d u r i n g  t h e  si te v i s i t .  

The two f a c e t s  of  t h e  approach complement each 
o t h e r .  A  s u b s t a n t i a l  t u rnover  i n  a u d i t o r s  is  ex- 
pec ted  a s  s t u d e n t s  g radua te .  The automated r e p o r t  
g e n e r a t i n g  system reduces  t h e  amount of t i m e  r e q u i r e d  
t o  t r a i n  t h e  a u d i t o r s  s i n c e  new a u d i t o r s  do  n o t  have 
t o  be  shown where t o  f i n d  needed d a t a  i n  a  l a r g e  
number o f  r e f e r e n c e s .  Most of  t h e  d a t a  they w i l l  
need i s  con ta ined  i n  t h e  d a t a  base .  

I n  a d d i t i o n  t o  p r o v i d i n g  a  needed s e r v i c e  f o r  
l o c a l  governments i n  Lou i s i ana ,  t h e  c u r r e n t  program 
p rov ides  a  v a l u a b l e  e d u c a t i o n a l  e x p e r i e n c e  f o r  t h e  
s t u d e n t s  employed a s  a u d i t o r s .  The s t u d e n t s  g a i n  
n o t  o n l y  e x p e r i e n c e  i n  t h e  t e c h n i c a l  a r e a ,  b u t  
v a l u a b l e  e x p e r i e n c e  i n  d e a l i n g  w i t h  t h e  many l o c a l  
government o f f i c i a l s  t hey  encoun te r  i n  t h e  c o u r s e  
of  t h e i r  work. F i n a l l y ,  t h e  program p r o v i d e s  f i -  
n a n c i a l  a s s i s t a n c e  i n  t h e  form of summer jobs  f o r  
t h e  s t u d e n t s .  

FUTURE WORK 

The n e x t  a r e a  of b u i l d i n g  energy a u d i t i n g  c o s t  
t a r g e t e d  f o r  r e d u c t i o n  is  t h e  t i m e  s p e n t  by t h e  
a u d i t o r  i n  t a k i n g  f i e l d  n o t e s  d u r i n g  t h e  s i te  v i s i t  
and l a t e r  keying t h i s  d a t a  i n t o  t h e  computer.  The 
p o s s i b i l i t y  of  keying d a t a  and n o t e s  i n t o  l i g h t -  
we igh t ,  p o r t a b l e ,  l a p t o p  computers d u r i n g  t h e  s i t e  
v i s i t  and l a t e r  t r a n s f e r r i n g  t h i s  i n f o r m a t i o n  e l e c -  
t r o n i c a l l y  t o  t h e  computers i n  t h e  o f f i c e  is  be ing  
exp lo red .  

Also, an  a r e a  f o r  f u t u r e  work is a n t i c i p a t e d  
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along the lines of returning to a sampling of 
audited sites and collecting implementation data. 
This follow-up will provide real data on energy 
savings achieved as a result of this program effort. 
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