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ABSTRACT 

Th i s  paper d i s c u s s e s  how improved 
energy informat ion  i n  s choo l s  and 
h o s p i t a l s  from t r a c k i n g  and moni tor ing  
e l e c t r i c a l  and n a t u r a l  g a s  usage,  c o s t ,  
and o p t i o n a l  r a t e  s t r u c t u r e s ,  can reduce 
energy c o s t s .  Recommendations, methods, 
and g u i d e l i n e s  f o r  moni tor ing  and t r a c k i n g  
o f  u t i l i t i e s  a r e  provided.  These 
recommendations, methods, and g u i d e l i n e s  
a r e  t h e  r e s u l t  o f  o n - s i t e  work f o r  
s choo l s  and h o s p i t a l s .  Recent ly  completed 
energy usage survey  and obse rva t ions  o f  
s e v e r a l  h o s p i t a l s  i n  Texas a r e  inc luded .  

Oppor tunt ies  e x i s t  f o r  s choo l s ,  
h o s p i t a l s ,  and o t h e r  b u i l d i n g s  t o  ach i eve  
s i g n i f i c a n t  d o l l a r  s a v i n g s  by good u t i l i t y  
management. Understanding u t i l i t y  r a t e  
s t r u c t u r e s  i s  e s s e n t i a l  f o r  minimizing 
energy c o s t s .  The a u t h o r s '  d a t a  is f o r  
Texas s choo l s  and h o s p i t a l s ,  b u t  t h e  
p r i n c i p l e s  presented  apply t o  o t h e r  
geographic a r e a s .  

INTRODUCTION 

The oppor tun i ty  f o r  energy c o s t  
s av ings  i n  Texas s choo l s  and h o s p i t a l s  i s  
a  r e sou rce  which, i f  tapped on a  
s t a t e w i d e  b a s i s ,  can save  m i l l i o n s  o f  
d o l l a r s .  Resource management is a  popular  
concept ,  however, many f a c i l i t i e s  i n  Texas 
do n o t  i n c l u d e  an ongoing d e t a i l e d  energy 
management program. Even fewer f a c i l i t i e s  
accomplish comprehensive assessment  o r  
e v a l u a t i o n  of energy consumption. 
Cons ider ing  t h a t  energy c o s t s  r e p r e s e n t  
s i g n i f i c a n t  d o l l a r s ,  t h a t  a lmost  a l l  
p r o j e c t i o n s  i n d i c a t e  i n c r e a s i n g  energy 
c o s t s ,  and t h a t  c o s t  r educ t ion  s t r a t e g i e s  
and e r r o r s  can  be i d e n t i f i e d  by 
comprehensive t r a c k i n g  and moni tor ing ,  it 
is l o g i c a l  t o  conclude  t h a t  energy 
u t i l i t i e s  should  be included i n  r e sou rce  
management o f  Texas s choo l s ,  h o s p i t a l s ,  
and o t h e r  commercial and i n d u s t r i a l  
f a c i l i t i e s .  

~n organized  energy t r a c k i n g  and 
moni tor ing  system (ETMS) is a  b a s i c  
requirement  f o r  s u c c e s s f u l  energy 
management, An ETMS should be a  management 
t o o l  t h a t  would promote s u f f i c i e n t  
in farmat ion  i n  o r d e r  t o  understand energy 
and c o s t  performance, and t o  provide  a  
da t abase  t o  e f f e c t i v e l y  c o n t r o l  and manage 
energy resources .  A n  energy t r a c k i n g  and 
monitoring system c o n s i s t s  of  a  manual o r  
computer method o f  r eco rd ing  and comparing 
o f  energy usage d a t a ,  (e .g .  kwh, kw, mcf, 
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e t c . ) ,  energy performance ( B t u / f t .  , 
Btu /pa t i en t -day ,  Btu/pound p roduc t ,  e t jc . )  
energy  c o s t s  performance ( e . g .  $ / f t .  , 
$ / p a t i e n t  day,  $/LB. p roduc t ,  and e t c . ) ,  
r a t e  s t r u c t u r e  o p t i o n s  ( e l e c t r i c a l  and 
n a t u r a l  g a s ) ,  and o t h e r  s p e c i a l i z e d  d a t a .  
The t r a c k i n g  system should  be on a  monthly 
b a s i s .  R e s u l t s  o f  t h e  monthly d a t a ,  
comparisons t o  t h e  same month f o r  p r i o r  
y e a r ,  and annual  summaries may be used t o  
i d e n t i f y  b i l l i n g  e r r o r s ,  sudden changes i n  
performance,  equipment problems, 
o p p o r t u n i t i e s  f o r  s a v i n g s ,  and p o s s i b l e  
a l t e r n a t e  r a t e  s t r u c t u r e  ( e .g .  time-of-day 
o p t i o n s ,  s p e c i a l  r i d e r s ,  meter 
c o n s o l i d a t i o n ,  t r a n s f o r m e r s  purchases ,  
s e a s o n a l  o p t i o n s ,  e t c . ) .  Energy 
consumption p a t t e r n s  can  be  i d e n t i f i e d .  
The ETMS a l s o  p rov ides  i n fo rma t ion  f o r  
more a c c u r a t e  budget  p lanning  and 
f o r e c a s t i n g .  A major  b e n e f i t  o f  t h e  ETMS 
is  t h e  b a s i s  f o r  mo t iva t ion  t o  achieve  
c o s t  r educ t ion .  For  any energy c o s t  
r e d u c t i o n  program t o  be  s u c c e s s f u l ,  t h e r e  
must be a c c o u n t a b i l i t y  f o r  its succes s .  
The ETMS p rov ides  a  b a s i s  f o r  s p e c i f i c  
performance measurement o f  t h e  energy 
manager and f o r  g o a l  s e t t i n g .  

Typ ica l  examples o f  a c t u a l  s av ings  
from moni tor ing  and t r a c k i n g  o f  e l e c t r i c a l  
energy i n c l u d e  t h e  fo l lowing:  . $108,000 demand r ead ing  e r r o r  a t  
Co l l ege  S t a t i o n  I .S .D. ,  . $38,00O/year r a t e  change savings  a t  
Gladewater High School ,  . $9,000 yea r  b i l l i n g  e r r o r  a t  
E l y s i a n  F i e l d s  I.S.D., . $6,730 b i l l i n g  e r r o r  i n  b i l l i n g  
account ing  when changing  r a t e s  a t  a  
McKinney I.S.D. School ,  

. $4,800 b i l l i n g  e r r o r s  a t  Lampasas 
I.S.D., . $19,000 p e r  yea r  at one Tatum ISD 
schoo l  t o  e l i m i n a t e  minimum b i l l i n g ,  . more t h a n  $50,00O/year s a v i n g s  a t  
h igh  s c h o o l s  i n  ~ e w i s v i l l e  by summer s h u t  
down. . A $91,000 p e r  yea r  s a v i n g s  i n  a 
h o s p i t a l  by i n t e g r a t i n g  s t r a t e g i c  u s e  of 
e x i s t i n g  emergency g e n e r a t o r s  and a time- 
of-day off-peak e l e c t r i c  u t i l i t y  r i d e r .  

Typ ica l  examples o f  n a t u r a l  gas  
s a v i n g s  i d e n t i f i e d  from ETMS 
i n c l u d e  t h e  fo l lowing:  . $2,200 re fund f o r  s a l e s  t a x  b i l l i n  
a t  Sonora High School 
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. $35,000 pe r  year  savings  by 
c o n t r a c t  nego t i a t ed  gas  r a t e s  a t  one 
c e n t r a l  Texas h o s p i t a l ,  and very excess ive  
n a t u r a l  gas  usage i d e n t i f i e d  a t  s e v e r a l  
s choo l s .  . Also, n a t u r a l  gas  r a t e  changes were 
i d e n t i f i e d  which t h e  Owner was no t  aware -~ 

of  u n t i l  eva lua t ing  t h e  ETMS d a t a .  
Energy t r ack ing  and monitoring should 

be r equ i r ed  by t h e  school  board, school  
s u ~ e r i n t e n d e n t ,  a d m i n i s t r a t o r ,  o r  c h i e f  
f i s c a l  o f f i c e r .  The a c t u a l  t a s k  can be 
assigned t o  t h e  engineer ing ,  f a c i l i t i e s  
maintenance and ope ra t ion ,  o r  bus iness  
o f f i c e .  A l l  o f  t h e  groups should review 
monthly r e p o r t s  and be a l e r t  f o r  problems 
and o p p o r t u n i t i e s .  Our obse rva t ion  is 
t h a t  u n t i l  t o p  management becomes 
i n t e r e s t e d  i n  t h e  u t i l i t y  c o s t s ,  s e r i o u s  
a c t i o n  w i l l  n o t  be undertaken on a  
c o n s i s t e n t  b a s i s .  I n  house personnel  can 
be used f o r  energy t r ack ing .  Spec ia l i zed  
a s s i s t a n c e  may be requi red  t o  r e so lve  
problems and implement s t r a t e g i e s .  

STARTING A TRACKING SYSTEM 

The fo l lowing a r e  b a s i c  s e q u e n t i a l  
s t e p s  i n  g a t h e r i n g  and organiz ing  d a t a  t o  
e s t a b l i s h  an energy t r a c k i n g  system f o r  - - 

bu i ld ings .  
1. Locate t h e  b u i l d i n s s .  Obtain t h e  

address  and s p e c i f i c  bu i ld ing  
i d e n t i f i c a t i o n  ( e . g .  s t r e e t  add res s ,  
bu i ld ing  name, bu i ld ing  i d e n t i f i c a t i o n  
numbers, e t c . ) .  It is  h e l p f u l  t o  p repa re  
a  smal l  s c a l e  l a y o u t  o f  t h e  bu i ld ing  on 8 
1 /2  x  11 i n c h  paper .  

2 .  p h v s i c a l l v  l o c a t e  a l l  electric -~ - 

and n a t u r a l a  gas  meters and i d e n t i f y  
s p e c i f i c  l o c a t i o n s  on t h e  sma l l  s c a l e  
drawings o f  t h e  bu i ld ings .  Record t h e  
meter number, meter type ,  u t i l i t y  company 
name, and meter m u l t i p l i e r s .  

3.  Determine t h e  a r e a  ( f t .  2 ,  o f  
each bu i ld ing .  I d e n t i f y  t h e  a r e a  t h a t  
each meter s e r v e s .  

4 .  Obtain t h e  u t i l i t y  account 
numbers f o r  each  meter. Th i s  informat ion  
may be ob ta ined  from p a s t  u t i l i t y  b i l l i n g  
r e c e i p t s ,  o r  from t h e  u t i l i t y  company. 
Record t h e s e  account  numbers by t h e  meter 
numbers on t h e  sma l l  s c a l e  drawings. 

This  is one p l a c e  t o  s t o p  t h e  d a t a  
g a t h e r i n g  and e v a l u a t e  t h e  d a t a  obta ined .  
Verify t h a t  metera a r e  a c t u a l l y  i n s t a l l e d  
f o r  each  account be ing  b i l l e d .  Each 
meter number should be c o r r e l a t e d  t o  a  
b i l l i n g  account  number. A t  t h i s  s t e p  i n  
t h e  process ,  t h e  au tho r s  have i d e n t i f i e d  
account  b i l l i n g s  a t  p u b l i c  schools  and 
smal l  manufacturing p l a n t s  f o r  meters  t h a t  
were non-exis ten t  and f o r  meters t h a t  had 
been disconnected.  

5. The next  s t e p  is t o  ob ta in  t h e  
a c t u a l  energy consumption and c o s t  d a t a  
f o r  each meter o r  account .  The e a s i e s t  
method is t o  c a l l  t h e  u t i l i t y  company and 
reques t  a  computer p r i n t o u t  of monthly 
consumption, demand (kw) , and c o s t  f o r  

t h e  p a s t  twelve months. During our  
exper ience  o f  d a t a  g a t h e r i n g  f o r  more than  
250 d i f f e r e n t  Texas p u b l i c  school  
d i s t r i c t s ,  on ly  two e l e c t r i c  company 
o f f i c e s  have no t  been coope ra t ive  i n  
provid ing  t h i s  d a t a  f o r  t h e  schoo l s  
involved.  A l l  n a t u r a l  gas  companies 
r e a d i l y  provided t h e  d a t a .  Most Texas 
u t i l i t i e s  have t h i s  d a t a  r e a d i l y  
a v a i l a b l e  f o r  t h e  p a s t  twelve  months. The 
b i l l i n g  r e c e i p t s  from t h e  Customer's 
f i l e s  a l s o  have t h e  necessary  informat ion .  
The Customer's f i l e s  w i l l  most l i k e l y  be 
' t h e  d a t a  sou rce  i f  a  two year  h i s t o r y  
of  consumption and c o s t  a r e  d e s i r e d  f o r  
t h e  i n i t i a l  t r a c k i n g  se t -up .  

6 .  While g a t h e r i n g  t h e  u t i l i t y  
consumption and c o s t  d a t a ,  r a t e  schedules  
f o r  each account  should be i d e n t i f i e d .  I n  
most c a s e s  t h e  r a t e  schedule  number is  
i d e n t i f i e d  on t h e  b i l l i n g  s t u b .  Request 
t h a t  t h e  u t i l i t y  company provide  cop ie s  of 
each  r a t e  schedule .  The u t i l i t y  
r e p r e s e n t a t i v e  should e x p l a i n  t h e  r a t e  
schedule ,  and a s s i s t  t h e  customer i n  
v e r i f y i n g  t h e  c a l c u l a t i o n s  f o r  a  t y p i c a l  
month. A l l  r i d e r s  t o  t h e  r a t e  ( e .g .  f u e l  
c o s t ,  e t c . )  should be r eques t ed .  

7 .  The next  s t e p  is t o  record  t h e  
u t i l i t y  d a t a .  The d a t a  can be recorded on 
manual forms o r  en t e red  i n t o  a  computer. 
Examples o f  t h e  forms f o r  t h e  manual 
systems a r e  shown i n  F igu res  1 and 2. 
Seve ra l  computer programs a r e  a v a i l a b l e  
f o r  t r a c k i n g  and moni tor ing .  Spread 
s h e e t s  f o r  pe r sona l  computers a r e  a l s o  a  
very  convenient  method. 

The format s e l e c t e d  should provide  a  
method o f  comparing consumption and c o s t  
on a  monthly b a s i s  t o  t h e  same month f o r  
t h e  p r i o r  yea r  o r  a  s e l e c t e d  base  yea r .  
Many schoo l s  have s e l e c t e d  t h e  base  year  
f o r  consumption t o  be t h e  y e a r  when they  
s t a r t  an energy management program. This  
approach is b e n e f i c i a l  because it r e a d i l y  
shows t h e  accumulated c o s t  s av ings  t h e  
program has  genera ted .  This  is a  good 
approach f o r  program j u s t i f i c a t i o n  and 
management v i s i b i l i t y .  However, t h i s  
method does no t  r e a d i l y  show o p e r a t i o n a l  
problems o r  b i l l i n g  e r r o r s .  Comparisons 
t o  t h e  same month f o r  t h e  p r i o r  year  must 
be made f o r  good c o n t r o l  and management. 
The reason f o r  any s i g n i f i c a n t  changes 
observed i n  t h e s e  monthly consumption and 
c o s t  comparisons should be determined.  
Weather d i f f e r e n c e s  may r e s u l t  i n  changes 
which can be accounted f o r  by t r a c k i n g  and 
a d j u s t i n g  f o r  coo l ing  deg ree  days and 
hea t ing  degree  days .  Care should be used 
i n  a d j u s t i n g  f o r  weather f a c t o r s  because 
some b u i l d i n g s  wi th  h igh  i n t e r n a l  l o a d s  
and h igh  i n s u l a t i n g  c h a r a c t e r i s t i c s  a r e  
no t  very  s e n s i t i v e  t o  weather v a r i a t i o n s .  

8.  Key r a t i o s  should be c a l c u l a t e d  
and compared on a  monthly and annual  
b a s i s .  Se l ec t ed  r a t i o s  can i d e n t i f y  
unusual ly  h igh  consumption and c o s t .  
Ra t io s  recommended f o r  e v a l u a t i n g  inc lude  
t h e  fol lowing:  
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. ~ o l l a r s  p e r  k i lowat t -hour  ($/kwh) . D o l l a r s  pe r  thousand c u b i c  f e e t  of 
n a t u r a l  ga s  ($/mcf)  . D o l l a r s  pe r  gquare feet o f  g r o s s  
b u i l d i n g  a r e a  ( $ / f t .  . ~ n e r g y c o n s u m ~ t i o n  p e r  square  f e e t  
of  g r o s s  b u i l d i n g  a r e a  ( B t u / f t .  ) .  
Inc lude  cgndi t ioned  and non-conditioned 
a r e a  ( f t .  ) .  

These r a t i o s  may be ad jus t ed  f o r  
weather  v a r i a t i o n  ( b u t  t h e  unadjus ted  d a t a  
and r a t i o s  should be presented  a long  wi th  
any ad jus t ed  d a t a .  The r a t i o s  a r e  
in tended  t o  be used f o r  management 
purposes i n  unders tanding  energy 
performance and c o s t .  Adjustments t o  t h e  
a c t u a l  d a t a  can be mis leading  when 
p r e s e n t i n g  t h e  a c t u a l  o p e r a t i n g  s i t u a t i o n .  

Add i t i ona l  s p e c i a l i z e d  energy r a t i o s  
may be used .  Examples i nc lude :  . D o l l a r s  p e r  pa t i en t -day  . D o l l a r s  p e r  l i c e n s e d  h o s p i t a l  bed . ~ o l l a r s  pe r  enplanement ( f o r  
a i r p o r t s  ) . D o l l a r s  p e r  pound o f  product  
produced 

Spec i a l i zed  r a t i o s  f o r  s choo l s  
i n d i c a t i n g  summer usage  o f  b u i l d i n g s  a r e  
h e l p f u l .  These i n c l u d e  t h e  fo l lowing:  

. Summer c o s t  index fSCI1 

Almost i d e n t i c a l  ( c o n s t r u c t i o n  and 
schoo l  s c h e d u l e s )  e lementary  s choo l s  were 
on t h e  o p p o s i t e  ends  of  t h e  c o s t  r ange . ,  
I n v e s t i g a t i o n s  i d e n t i f i e d  o p e r a t i o n a l  
d i f f e r e n c e s  c a u s i n g  t h e  enormous o p e r a t i n g  
c o s t  d i f f e r e n c e s .  

INTERPRETING ENERGY USAGE DATA 

The most impor t an t  p roces s  o f  
t r a c k i n g  any t y p e  o f  d a t a  is t h e  reading  
and i n t e r p r e t a t i o n  o f  t h e  d a t a .  Neat ly  
compiled u t i l i t y  b i l l s  a r e  u s e l e s s  
informat ion  wi thou t  a  proper  
unde r s t and ing  and i n t e r p r e t a t i o n .  The 
g a t h e r e r  o f  t h e  i n fo rma t ion  should be 
knowledgeable o f  t h e  d a t a ,  bu t  t h e  
ana lyze r  must unders tand  t h e  d a t a  and be  
a b l e  t o  apply  t h e  p rope r  i n t e r p r e t a t i o n  
wi th  r ega rds  t o  a l l  f a c t o r s  involved (1.e. 
kw, kwh, mcf, f u e l  c o s t  ad jus tments  and 
u t i l i t y  r a t e  s chedu le s  and r i d e r s ) .  

The fo l lowing  two examples i l l u s t r a t e  
a c t u a l  u t i l i t y  b i l l s  o f  two Texas s c h o o l s  
and t h e  b e n e f i t s  o f  an ETMS. 

Example 1 is a  12 month u t i l i t y  
h i s t o r y  f o r  a  280,000 s q u a r e  f o o t  h igh  
schoo l  b u i l d i n g  wi thou t  summer schoo l .  

JAM 7 4  162.650 
759 2 7 1 . 2 0 0  

SCI = (SUMMER ENERGY COST / ANNUAL W 917 185.550 
APR 1 , 1 5 2  2 7 6 . 9 0 0  

ENERGY COST) X 100 
M Y  1 . 0 1 8  1 1 1 . 9 5 0  
JUH 6 4 2  116.600 
JUL 912 1 6 6  s5n 

. Summer energy index (SEI )  
Auc 1 .12 ,  i,;:ii; 
SEP 1.429 5 1 ~ , 6 0 0  
OCT 1 . 1 9 6  2 8 7 , 1 0 0  
NCV 1 . 0 0 1  1 7 1 . 8 5 0  
DEC 9 5 0  101 r s n  . - . . . . . 

SEI = (SUMMER ENERGY USAGE / ANNUAL 11.885 1.631.150 ? . ~ . - . -  . 

Key R a t i o s :  
Comparisons o f  t h e  above key r a t i o s  

a s s i s t  i n  i d e n t i f y i n g  t r e n d s  and i n  $ 0.058 / KWH 

mainta in ing  comparisons when b u i l d i n g  a r e a  $ 4.860 / MCF 
changes. They a r e  a l s o  b e n e f i c i a l  i n  $ 0.82  / SQ.FT.- YR. 

comparing one f a c i l i t y  t o  another .  59,552 Btu / SQ.FT. - YR. 

9 .  The nex t  s t e p  i n  t h e  t r a c k i n g  and 
moni tor ing  p roces s  i s  t o  e v a l u a t e  t h e  d a t a  = 29.4% 

and r a t i o s ,  make comparisons,  review t h e  SUI = 21.6% 
r e s u l t s ,  assemble in-  formats  f o r  
communicating w i t h  o t h e r s ,  p u b l i s h  
r e p o r t s ,  and a c t  on t h e  r e s u l t s  t o  c o n t r o l  
energy c o s t s .  

Recent performance r a t i o  d a t a  
c a l c u l a t e d  f o r  a  l a r g e  Texas school  
d i s t r i c t  ( 5 4  campuses) i nd i ca t ed  a  
d e f i n i t e  p o t e n t i a l  f o r  s i g n i f i c a n t  energy 
and c o s t  s av ings .  The i n i t i a l  
i n v e s t i g a t i o n s  inc luded  c a l c u l ~ t i n g  t h e  
annual  c o s t  performance ($/FT. - Y R . )  f o r  
each school .  The energy c o s t  performance 
range was a s  fo l lows:  

TYPE SCHOdL 

HIGH SCHOOL $0.63 TO $1.11 
MIDDLE SCHOOL $0.39 TO $1.01 

The e x c e s s i v e  summer usage f o r  t h i s  
b u i l d i n g  i s  c l e a r ,  a s  a  r e s u l t  the 
d i s t r i c t  which o p e r a t e s  t h i s  b u i l d i n g  has  
reduced t h e  summer usage  by approximate ly  
$30,000 upon t h e  implementation o f  t h e  
d i s t r i c t ' s  ETMS. 

Example 2  is a  1 2  month u t i l i t y  
h i s t o r y  f o r  a  46,763 squa re  f o o t  pr imary 
schoo l  b u i l d i n g .  

JAM 
PCB 
nAu 
APR 
n A Y  
JUN 
JUL 
AU3 
SEP 
DCP 
NOV 
0 s  

ELEMENTARY SCHOOL $0.41 TO $1.55 TOTAL 1 . 8 ~ 1 5  z5o.100 ~ 3 0 . a 7 1 . 0 a  0 . 1 ~ 5  6 4 1 . 1  1 .080.00  
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Key Rat ios :  

$0.155 / KWH 
$ 4.800 / MCF 
$ 0.90 / SQ.FT.- YR.  
32,382 B ~ u  / SQ.FT. - YR. 

SCI = 22/9% 
SUI = 12 .4% 

The analyzer  o f  t h e  above informat ion  
should have e a s i l y  d e t e c t e d  t h e  excess ive  
$/kwh va lue  f o r  any one o f  t h e  1 2  months. 
This  bu i ld ing  had been i n  u s e  f o r  18 
months be fo re  an ETMS was i n  p l ace .  The 
r e s u l t s  of t h e  i n v e s t i g a t i o n s  o f  t h e  $/kwh 
value  d iscovered  t h a t  t h e  school  was 
minimum b i l l i n g  every  month. This  was due 
t o  t h e  i n i t i a l  e l e c t r i c a l  c o n t r a c t  t h e  
d i s t r i c t  s igned f o r  electric s e r v i c e .  This  
p a r t i c u l a r  e l e c t r i c  u t i l i t y  b i l l s  minimum 
d o l l a r  amounts were based on previous  
demand l e v e l s  and c o n t r a c t  va lues .  The 
d i s t r i c t  which o p e r a t e s  t h i s  bu i ld ing  is  
saving  approximately $19,000 a  yea r  upon 
t h e  implementation o f  t h e  d i s t r i c t ' s  ETMS. 
NOTE: The school  d i s t r i c t  was n o t  l e g a l l y  
e n t i t l e d  t o  a  refund on t h i s  account .  A l l  
r a t e  s t r u c t u r e s ,  r i d e r s ,  c o n t r a c t s ,  and 
o t h e r  account  informat ion  is  t h e  
r e s p o n s i b i l i t y  o f  t h e  customer. 

USING COMPUTERS TO TRACK ENERGY USAGE L COST 

Seve ra l  Texas school  d i s t r i c t s  and 
h o s p i t a l s  have s u c c e s s f u l l y  used personal  
computers t o  t r a c k  and monitor energy 
consumption and c o s t s .  These school  
d i s t r i c t s  i nc lude  Midland, Lampasas, Katy, 
Marshal l ,  Coppel l ,  and C a l a l l e n .  Medium 
s i z e  school  d i s t r i c t s  and l a r g e  d i s t r i c t s  
w i l l  s ave  s i g n i f i c a n t  t i m e  by u t i l i z i n g  a  
computerized system. Our obse rva t ions  
determined t h a t  school  d i s t r i c t s  w i t h  more 
than  20 combined e l e c t r i c a l  and qas  
accounts  r e q u i r e  a  computer i n  o;der t o  
e f f e c t i v e l y  provide  adequate informat ion  
i n  a  t ime ly  manner. A computer t r a c k i n g  
system s i m p l i f i e s  and makes comparisons, 
key r a t i o s ,  and r e p o r t s  f o r  l a r g e  
d i s t r i c t s  p o s s i b l e .  The computerized 
system is a  more e f f e c t i v e  management 
t o o l .  

There i s  a  wide v a r i a t i o n  i n  
a v a i l a b l e  sof tware .  Some o f  t h e  purchased 
programs a r e  complex t o  use .  A u s e r  
f r i e n d l y  and menu d r iven  package can be 
l e s s  t i m e  consuming and e a s i e r  t han  u s i n g  
sp readshee t s .  A key f a c t o r  i n  s e l e c t i n g  
sof tware  is t o  select a  system t h a t  w i l l  
be a  management t o o l .  W e  have observed 
some programs t o  have s o  many v a r i a b l e  
i n p u t s  and adjustments  t o  t h e  b a s i c  d a t a  
t h a t  t h e  a c t u a l  consumption and c o s t  could 
no t  be r e a d i l y  i d e n t i f i e d .  Most companies 
w i l l  p rovide  no-cost demonstrat ion d i s k s  
f o r  eva lua t ion .  The b e s t  check is  t o  t a l k  
t o  another  u s e r .  The o t h e r  f a c t o r  i n  
s e l e c t i n g  software is  t o  i d e n t i f y  t h e  

suppor t  a v a i l a b l e  and c o s t  o f  any suppor t .  
The e s s e n t i a l  b a s i c  i n p u t s  f o r  a  

computer energy t r a c k i n g  system f o r  
bu i ld ings  inc lude  t h e  fo l lowing:  . Energy consumption . peak e l e c t r i c a l  demand (kw) . Cost of  energy . Meter o r  account  numbers 

, Gross a rea  of  f a c i l i t y  
( cond i t ioned  and non-condit ioned) . Monthly h e a t i n g  deg ree  days  . Monthly coo l ing  degree  days.  

The e s s e n t i a l  b a s i c  o u t p u t s  f o r  a  
computer t r a c k i n g  system f o r  b u i l d i n g s  
inc lude  t h e  fo l lowing:  . Consumption (mcf, kw-hr.) 

, Peak e l e c t r i c a l  demand (kw) . Dol la r s  s p e n t  f o r  f u e l  and t o t a l  
energy . Comparisons of  consumption and 
c o s t  t o  same month f o r  p r i o r  yea r  
( a c t u a l  va lues  and pe rcen tage )  . 2Key r a t i o s  ($/kwh,, $/mcf, 
B t u / f t .  , etc . )  

An example o f  a  school  u t i l i t y  
program is provided t o  i l l u s t r a t e  t h e  
convenience and b e n e f i t s  o f  u s i n g  a  
computer. The menu d r i v e n  program provides  
key r a t i o s  by account  and u t i l i t y ,  monthly 
comparisons t o  p r i o r  y e a r ,  monthly pe rcen t  
c o s t  and consumption v a r i a t i o n s ,  t o t a l  
r e p o r t  p e r  s i te  ( f o r  more t h a n  one meter), 
and t o t a l  r e p o r t s  f o r  an e n t i r e  school  
d i s t r i c t .  Typica l  formats  a r e  shown i n  
Tables  1, 2 ,  3, 4 ,  5 ,  6 ,  7, 8, and 9 .  The 
f i r s t  a p p l i c a t i o n  of  t h i s  system 
i d e n t i f i e d  69.3% i n c r e a s e s  i n  c o s t  f o r  t h e  
March comparison of  a  school  (Table  7 ) .  
The reason was a  b i l l i n g  e r r o r .  

RATE STRUCTURE EVALUATIONS 

Each e l e c t r i c  u t i l i t y  company and 
each n a t u r a l  gas  company have t h e i r  own 
r a t e  s t r u c t u r e s .  The n a t u r a l  gas  r a t e  
s t r u c t u r e s  vary  f o r  each c i t y .  Each 
u t i l i t y  has  many d i f f e r e n t  r a t e  s t r u c t u r e s  
f o r  d i f f e r e n t  t y p e s  o f  customers.  I n  t h e  
sou the rn  p a r t  o f  Texas, f o r  example one 
electric u t i l i t y  company has  a t  l e a s t  
t h r e e  d i f f e r e n t  b a s i c  r a t e  s t r u c t u r e s  f o r  
school  customers.  There a r e  s e v e r a l  
r i d e r s  a v a i l a b l e  f o r  t h e s e  r a t e  
s t r u c t u r e s .  Energy c o s t  management must 
i n c l u d e  an unders tanding  o f  t h e  s p e c i f i c  
r a t e  s t r u c t u r e s  a v a i l a b l e  f o r  each 
bu i ld ing .  

Unfor tunate ly ,  e l e c t r i c  r a t e  
s t r u c t u r e s  a r e  complex and d i f f i c u l t  f o r  
t h e  customers t o  unders tand .  Our 
exper ience  du r ing  o n - s i t e  energy 
e v a l u a t i o n s  of more than  290 d i f f e r e n t  
school  d i s t r i c t s  is  t h a t  many o f  t h e  
u t i l i t y  customer r e p r e s e n t a t i v e s  have 
d i f f i c u l t y  i n  manually v e r i f y i n g  a  b i l l i n g  
c a l c u l a t i o n  on t h e  f i r s t  t r y  because o f  
t h e  complex r a t e s  w i th  r i d e r s ,  numerous 
minimum b i l l i n g  o p t i o n s ,  numerous minimum 
on-peak demand op t ions ,  and block r a t e  
ad jus tments .  Few school  personnel  
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understand t h e i r  e l e c t r i c  r a t e  s t r u c t u r e s .  

SCHOOL ENERGY USAGE AND PATTERNS 

There is a  wide v a r i a t i o n  o f  energy 
performance and energy c o s t  performance i n  
Texas p u b l i c  s choo l s .  The u t i l i t y  d a t a  
organized from t h e s e  s choo l s  have a s s i s t e d  
i n  i d e n t i f y i n g  c h a r a c t e r i s t i c s  o f  
e f f i c i e n t  s choo l s  a s  we l l  a s  usage  t h a t  
need changing t o  make schoo l s  more energy 
e f f i c i e n t .  Our obse rva t ions  a r e  t h a t  most 
s choo l s  do n o t  have an e f f e c t i v e  t r a c k i n g  
and monitoring program. 

HOSPITAL ENERGY SURVEY 

A survey  o f  h o s p i t a l  energy 
consumption and c o s t  was conducted by t h e  
au tho r s  and completed i n  1989. The 
purpose of  t h e  survey  was t o  i d e n t i f y  
Texas h o s p i t a l s  w i th  h igh  o p e r a t i n g  c o s t  
and low energy e f f i c i e n c y ,  t o  e v a l u a t e  
t h e i r  t r a c k i n g  sys tems,  and t o  i d e n t i f y  
p o t e n t i a l  f o r  energy sav ings .  The survey  
was a l s o  b e n e f i c i a l  f o r  t h e  i n d i v i d u a l  
p a r t i c i p a n t s  because it allowed them t o  
compare t h e i r  performance wi th  o t h e r  
h o s p i t a l s .  Most of  t h e  h o s p i t a l s  provided 
on ly  annual  consumption and c o s t  t o t a l s  
r a t h e r  t han  t h e  monthly d a t a  reques ted  
f o r  one yea r .  

Survey d a t a  is  p re sen ted  i n  Tables  9 
and 1 0  and F igu re s  3 through 8. The c o s t  
and performance d a t a  i n c l u d e s  twelve  
months. The h o s p i t a l s  a r e  ranked i n  Table  
9 by annual  energy c o s t  p e r  s q u a r e  f o o t .  
A l l  d a t a  i n  t h i s  survey  is f o r  t h e  b a s i c  
h o s p i t a l s  except  H o s p i t a l  M which i n c l u d e s  
o f f i c e  bu i ld ings  because o f  u t i l i t y  
meter ing  s i t u a t i o n s .  Observa t ions  o f  t h e  
d a t a  i nc lude  t h e  fo l lowing :  . There a r e  wide v a r i a t i 2 n s  i n  
energy c o s t  performance ( $ / z t .  - y r . )  and 
energy  performance ( B t u / f t .  - y r . )  i n  Texas 
h o s p i t a l s .  . Most h o s p i t a l s  have a  r e l a t i v e l y  
low e l e c t r i c a l  energy  average  u n i t  c o s t .  
F i g u r e  7 r anks  t h e  h o s p i t a l s  accord ing  t o  
average  u n i t  e l e c t r i c a l  c o s t  ($/kw-hr.) ,  
except  f o r  two h o s p i t a l s ,  t h e  average u n i t  
c o s t  is  abou t  $0.045/kw-hr. . Natu ra l  ga s  u n i t  c o s t s  va r i ed  from 
$2.88 t o  $4.99/mcf. Only one h o s p i t a l  
pa id  l e s s  t han  $3.00/mcf. . The h o s p i t a l  (N) wi th  t h e  l owes t  
u n i t  n a t u r a l  gas  c o s t  ($2.88)  has a  
n e g o t i a t e d  n a t u r a l  ga s  c o n t r a c t .  . The h o s p i t a l s  w i th  t h e  lowes t  
energy o p e r a t i n g  c o s t  performance ( $ / f t  . 2- 
y r . )  d i d  no t  have t h e  lowes t  u n i t  energy 
c o s t s .  See F i g u r e  8. . Table  10 shows t h e  p o t e n t i a l  
annual  d o l l a r  s av ings  from nego t i a t ed  
n a t u r a l  gas c o n t r a c t s  f o r  each  o f  t h e  
h o s p i t a l s .  These d a t a  assume p r e s e n t  
consumption and t h a t  t h e  n a t u r a l  ga s  c o s t s  
were nego t i a t ed  t o  $3.00/mcf. 

. There were wide v a r i a t i o n s  i n  
n a t u r a l  gas  u n i t  c o s t s  f o r  h o s p i t a l s  being 
served  by one s p e c i f i c  n a t u r a l  ga s  
company. Unit  c o s t s  ranged from $3.24 t o  
$4.26 p e r  mcf. T h i s  v a r i a t i o n  is because 
each c i t y  has  d i f f e r e n t  n a t u r a l  ga s  r a t e s  
even though t h e y  may be s e rved  by t h e  same 
n a t u r a l  ga s  u t i l i t y .  . Only two o f  t h e  h o s p i t a l s  have a  
t r a c k i n g  system and they  w re on t h e  
lower o p e r a t i n g  c o s t  ( $ I f  t . '-yr . ) end o f  
t h e  range t h a t  responded t o  t h i s  survey .  

. There is  p o t e n t i a l  f o r  reduct ion  of  
energy  usage  and energy  c o s t  f o r  most 
h o s p i t a l s  responding t o  t h e  su rvey .  . A t r a c k i n g  and moni tor ing  system is 
j u s t i f i e d  f o r  h o s p i t a l s .  

RECOMMENDATIONS 

The fo l lowing  a r e  recommendations 
concern ing  t r a c k i n g  and moni tor ing  systems 
and p o l i c y  r ega rd ing  r a t e  s t r u c t u r e s .  

1. A l l  Texas p u b l i c  s c h o o l s  should be 
r equ i r ed  t o  t r a c k  energy consumption and 
c o s t  b e f o r e  r e c e i v i n g  any s t a t e  funds f o r  
o p e r a t i o n s  o r  f a c i l i t i e s .  

2 .  E l e c t r i c  r a t e  s t r u c t u r e s  i n  Texas 
should be  s i m p l i f i e d .  

3 .  E l i m i n a t e  any r a t e  schedule  t h a t  
imposes a  r i s k  f o r  a customer who is 
a t t empt ing  t o  reduce  t h e i r  e l e c t r i c a l  
demand i n  con junc t ion  wi th  time-of-day 
b i l l i n g s  ( e . g .  TU E l e c t r i c ' s  Rider  S  f o r  
peak shaving  p r o j e c t s  ) . 
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HOSPITAL ENERGY SURVEY DATA 

OUIIJJINC SC11001, YEAR - 
TOTAL 

TOTAL 
AHHUAL 
COST 

AVC. RAT1 

TABLE. 9 ENERGY COST PERFORMANCE 
TABLE 10' 

~ L ~ I I L  KAllmAL C I S  SAVINGS 
FROM N C C O T I A T E O  CONTRACTS 

EXAMPLE ENERGY TRACKING FORM 
FOR MANUAL METHOD 

Y K F N B E I J t I A < D C G  

HOSPITAL ENERGY TRACKING REPORT 19-- - 19-- 
SCllOOL NAME: BUlLDlNC AREA 
ELECTRIC METER NO(S).: 
GAS METER NO(S).: 

I I D S P I I I L  COST PERFORYAHCE 

'FIGURE 3: 

s3cU , ENERGY COST PERFORMANCE 
L \ I 

lULY 1)- I I I I I  I I I 
rue ,e- l 
ANNUAL 8 SAVINGS = I) 
ANNUAL OPERATING COSP = t /SQ. FP. 

ELECTRIC 
HOSPITAL 

GAS 

I l O S P I l I \ L  C O P 1  PERFORMANCE 

l FIGURE 4: 
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