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ABSTRACT 

One of  t h e  f i r a t  s t e p r  i n  s e t t i n g  up an energy management program i n  a  commercial b u i l d i n g  i e  de te rmin ing  
o p e r a t i n g  c o s t e  per  energy consuming eyetem through a u t i l i t y  c o e t  a n a l y s i s .  Thie paper  i l l u s t r a t e e  u t i l i t y  c o e t  
ana lye ie  methods used t o  determine es t imated  energy c o s t s  by f u n c t i o n  i n  a  sample commercial f a c i l i t y .  Two 
approaches a r e  used t o  determine energy u t i l i z a t i o n  and t o  p r o j e c t  c a l c u l a t e d  energy coneumption. A d d i t i o n a l  
ana lye ie  of  t h e  u t i l i t y  r a t e  s t r u c t u r e  is neceeeary b e f o r e  an e e t i m a t e  of o p e r a t i n g  c o s t e  p e r  energy coneuming 
eyetern can be made. With t h i a .  i t  is p o e a i b l e  t o  i d e n t i f y  energy c o n s e r v a t i o n  o p p o r t u n i t i e e  and develop 
s t r a t e g i e e  t o  c o n t r o l  energy waste. 

f NTRODUCTION 

Annual energy uee i n  a 400,000 square  f o o t  
computer and o f f i c e  f a c i l i t y  i a  es t imated  ueing both a  
top-dovn approach and a  bottom-up approach. The top- 
down approach involver  making an a n a l y s i s  of meaeured 
energy consumption, inc lud ing  u t i l i t y  b i l l e  and meter  
p r i n t o u t s ,  and p r o r a t i n g  i t  t o  t h e  element6 caueing 
t h a t  conrumption. The bottom-up approach uaes 
c a l c u l a t e d  loads  and t h e  r a t e d  c a p a c i t y  of energy-using 
equipment i n  con junc t ion  v i t h  ce t imated  hours  of use  t o  
p r o j e c t  c a l c u l a t e d  energy coneumption. Combining t h e  
two approachee y i e l d s  an e s t i m a t e  of t h e  breakdown of 
energy uae i n  t h e  b u i l d i n g  f o r  each f u n c t i o n .  Thia 
breakdown i e  then appl ied  t o  t h e  u t i l i t y  r a t e  e t r u c t u r e  
t o  determine t h e  d o l l a r s  spen t  f o r  each f u n c t i o n .  The 
conc lus ionr  inc lude  es t imate6  of energy coe te  by 
func t ion ,  he lp ing  t o  p r i o r  it i a e  f u r t h e r  energy 

 tio on atudy. 

BUILDING AND OPERATING CURJICTERISTICS 

I complex i e  comprired of two major b u i l d i n g s :  
; inn1 s t r u c t u r e  w i t h  211,650 square  f e e t ,  b u i l t  

a8 a  manufacturing f a c i l i t y  f o r  e l e c t r o n i c  
' and a  f o u r - s t o r y  annex b u i l d i n g  w i t h  153,000 
e e t  added i n  1979. 

SYSTEMS 

eyetema s t u d i e d  were c e n t r a l  h e a t i n g ,  
i o n  and a i r  c o n d i t i o n i n g  syeteme (WAC) s e r v i n g  
i g i n a l  bu i ld ing  .and t h e  four -e tory  annex 

b u i l d i n g ,  t h e  au tomat ic  t empera ture  c o n t r o l  syeteme, 
l i g h t i n g  syr temr ,  computers and a a r o c i a t e d  power 
c o n d i t i o n i n g  and emergency power eyeteme, and L i e b e r t  
HVAC f o r  t h e  computer a r e a s .  

C e n t r a l  HVAC Sveteme -- 
The c e n t r a l  p l a n t  s e r v e r  both t h e  o r i g i n a l  and 

annex b u i l d i n g e .  Two C a r r i e r  c e n t r i f u g a l  r e f r i g e r a t i o n  
machines p rov ide  c h i l l e d  wate r  t o  c o i l a  i n  a i r  
handle re .  There machinee normally supply  a  mingle 
c i r c u l a t i n g  loop  t o  both b u i l d i n g r  when piped i n  
p a r a l l e l .  By a d j u s t i n g  manual v a l v e e ,  t h e  750-ton 
machine may eerve  t h e  o r i g i n a l  b u i l d i n g ,  and t h e  400- 
t o n  machine may s e r v e  a e e p a r a t e  c i r c u l a t i n g  loop t o  
t h e  annex b u i l d i n g  . 

Normal o p e r a t i o n  prov ides  f o r  a  s i n g l e  c i r c u l a t i n g  
l o o p  t o  each b u i l d i n g .  The c h i l l e r e  a r e  brought on- 
l i n e  manually accord ing  t o  o u t s i d e  a i r  temperature.  
T y p i c a l l y ,  t h e  400-ton machine i e  o p e r a t e d  when o u t s i d e  
a i r  t empera ture  is  from 6 5  t o  75 degrees  Fahrenhe i t .  
When t h e  tempera ture  goes above 7 5  degrees  Fahrenhe i t ,  
t h e  750 ton machine is brought  on-l ine and t h e  400-ton 
u n i t  ehu ta  down u n t i l  t h e  e e t  p o i n t  f o r  eupply c h i l l e d  
wate r  can no longer  be  maintained.  Both c h i l l e r e  a r e  
t h e n  opera ted .  

Tvm Compak wate r  t u b e  b o i l e r s  p rov ide  l o r p r e r s u r e  
eteam t o  h o t  w a t e r  c o n v e r t e r s  f o r  bo th  t h e  b u i l d i n g  
domest ic  h o t  w a t e r  and h e a t i n g  h o t  wate r  w i t h  on ly  one 
of t h e  two 526 HP b o i l e r s  i n  o p e r a t i o n  a t  a time. I n  
t h e  o r i g i n a l  b u i l d i n g ,  hot  wate r  i e  c i r c u l a t e d  t o  two 
systems: Reheat c o i l s  l o c a t e d  i n  t h e  supply sir d u c t s  
and t h e  per imete r  r a d i a t i o n  h e a t i n g  system. 
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Low pressure  steam i s  piped t o  t h e  annex bui ld ing ,  
where a conver te r  provides ho t  water  t o  perimeter  
rad ia t ion .  These c i r c u l a t i n g  systems a r e  operated 

' manually on an ae-needed bas i s ,  with the  c i r c u l a t i n g  
hot water temperature ad jus ted  manually according t o  
ou t s ide  a i r  temperature. 

Ai r  Handling Uni t s  - 

Fi f t een  a i r  handlers  i n  t he  o r i g i n a l  bu i ld ing  
provide a cons tan t  volume of a i r  t o  most of the  
conditioned spaces. I n  add i t i on ,  2 roof-top u n i t s  with 
DX compressors and e l e c t r i c  heat  condi t ion  
approximately 8200 square f e e t .  Motor horsepower ranges 
from 3 t o  50 HP wi th  a t o t a l  of 318 HP. 

Each of these  a i r  handlers  has t he  c a p a b i l i t y  of 
providing 100 percent  ou t s ide  a i r  f o r  f r e e  cooling.  
This cyc le  i s  operated manually according t o  ou t s ide  
temperature and t he  requirement f o r  cooling t he  
occupied space. Ven t i l a t i on  i s  provided by leakage 
through the  ou t s ide  a i r  dampera. This leakage ranges 
from 10 t o  20 percent  of t o t a l  a i r  volume. 

Occupied space temperature i s  con t ro l l ed  on t he se  
systems by means of t he  discharge a i r  s e tpo in t  i n  the  
cooling seaeon and hot  water  c i r c u l a t i n g  temperature i n  
t he  hea t ing  season. 

The annex bui ld ing  is served by two roof top  
va r i ab l e  a i r  volume (vAv) a i r  handling u n i t s  with 
c h i l l e d  water c o i l s  only. These VAV a i r  handlers  serve  
shut-off boxes i n  the  space. A problem e x i s t s  i n  
supplying an adequate volume of a i r  without  blowing the  
ductwork a p a r t ;  it i s  bel ieved t h i s  s i t u a t i o n  i n  caused 
e i t h e r  by poor i n s t a l l a t i o n  of t he  f i b e r g l a s s  ductwork 
o r  lack of a  r e tu rn  a i r  fan  i n  t he  system. 
Capabi l i ty  e x i s t s  t o  provide ou t s ide  a i r  f o r  f r e e  
cooling;  t h i s  sequence i s  p r e sen t ly  con t ro l l ed  by a 
pneumatic enthalpy logic  center .  

Lighting Svstems 

Off i c e  l i g h t i n g  i s  provided by Watt-Miser 
f luorescent  bulbs;  each four-tube f i x t u r e  has been 
delamped t o  two tubes and one b a l l a s t  has been 
disconnected. Approximately 2.1 wa t t s  per  square foo t  
( inc luding  b a l l a s t )  provide 30 t o  70 foot  candles a t  
hor izonta l  work spaces. In t he  o r i g i n a l  bu i l d ing ,  
s u b s t a n t i a l  i l luminat ion  i s  l o s t  t o  t he  yellowed egg- 
c r a t e  type d i f f u s e r s .  A l l  l i g h t i n g  i s  manually 
cont ro l led  by t he  p l an t  opera tors .  Parking l o t  l i g h t s  
a r e  automatical ly con t ro l l ed  by a 7-day t i m e  clock. 

Computere,UPS Svstem and Emernencv Generators 

Seven IBM c e n t r a l  processing u n i t s  (CPU) a r e  
located i n  t he  basement and f i r s t  f l o o r  of t h e  annex 
building.  Power t o  these  CPU's i s  provided by 
m i n t e r r u p t a b l e  power source (UPS) t h a t  f i l t e r s  t h e  
u t i l i t y  supplied vol tage  and frequency and provides 
b a t t e r y  backup in  the  event  of power i n t e r rup t ion .  
These UPS systems a r e  designed t o  p ro t ec t  CPU memory 
u n t i l  t h r ee  1000 kW d i e s e l  genera tors  au tomat ica l ly  
come on-line. Approximately 528 CRT's a r e  
interconnected t o  t he  mainframe computers; these  a r e  
d i s t r i b u t e d  throughout the  complex. They a r e  l e f t  

ope ra t i ng  continuouely by recommendation of t he  
manufacturer. 

Computer and S w i t c h ~ e s r  HVAC 

Twenty Lieber t  down-flow packaged systems with 
preseur ized  mder-f  loor a i r  d i s t r i b u t i o n  provide 400 
tons  of cool ing  t o  t h e  computer rooms. These s e l f -  
contained systems a r e  deaigned t o  provide both 
temperature and humidity c o n t r o l  through use of re-heat 
and humidi f ica t ion  cyc les .  A t  t he  present  time, a l l  
e l e c t r i c  re-heat i s  manually switched o f f .  In  add i t i on  
t o  t he se  a i r  systems, 5 Lieber t  c h i l l e r s  supply 76 tons 
of cool ing  water  d i r e c t l y  t o  t he  CPU's. Three DX 
systems wi th  economizer cyc l e s  provide a t o t a l  of 96 
tons  of mechanical cool ing  t o  switchgear and UPS 
equipment rooms. 

ENERGY UTILIZATION ANALYSIS - TOP-DOWN APPROACH -- 
Through on-s i te  kW readings  of i nd iv idua l  loads , 

observa t ion  of opera t ing  procedures and in te rv iewing  
bui ld ing  opera t ing  personnel ,  i t  i s  pos s ib l e  t o  
e s t a b l i s h  t h e  e l e c t r i c a l  demand p r o f i l e  of t he  
f a c i l i t y .  Demand f i g u r e s  accu ra t e ly  r e f l e c t i n g  normal 
opera t ing  condi t ions  f o r  each p i ece  of equipment can be 
ca l cu l a t ed  from two s e t s  of abso lu t e  da ta :  monthly 
peak demand f i g u r e s  recorded on t he  u t i l i t y  b i l l s  and 
t o t a l  peak demand pos s ib l e  f o r  each p i ece  of equipment. 

MONTHLY PEAK DEMAND FIGURES 

Peak kW f o r  each month of t he  year  1983 i s  shom 
i n  Table 1 under t h e  column labe led  "PEAK KW/KVA." 
The measured monthly peak kW was 3,574 kW dur ing  the  
summer and 2,1186 kW during t h e  win ter .  

TOTAL PEAK DEMAND POSSIBLE 

Table 2 con t a in s  t h e  t o t a l  peak pos s ib l e  f o r  each 
p iece  of equipment, am published by t h e  manufacturer. 
The grand t o t e l ,  which i s  an abso lu t e  maximum peak kW, 
w i l l  no t  occur during normal opera t ions  because of 
d i v e r s i t y  and seasonal  v a r i a t i o n s .  

OPERATING KW IiY SEASON 

Table 3 nurmnarizes t he  entimated seasonal  kW peaks 
of ope ra t i ng  :.oads which a c t u a l l y  occur. 

Using 311-minute demand da t a  f o r  t he  previous 12 
months supp:lied by t h e  u t i l i t y  company, a  kwh 
consumption p r o f i l e  has been developed f o r  both a 
win ter  and simmer month. KW used t o  develop t h i s  kwh 
p r o f i l e  i s  'Less than t he  peak kW shown i n  Table 2. 
This i s  due t u  the  f a c t  t h a t  i t  i s  an average kW during 
on- and of f-peak hours. The kwh balance i s  shown i n  
Table 4. The est imated annual  energy consumption by 
category i s  depicted in Figure 1 .  
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TABLE 1: STANDARD AUDIT ICNAZYSIS 

MONTH kwh BILL kWh/ PEAK WATTS/ LOAD ELECTRIC CCF BILL CCF) NATLRAL TOTAL 
DAYS DAY kw/kva FT2 FACTOR $ DAYS DAY GAS $ DOLLARS 

JAN 1,627,000 
PEB 1,422,000 
MAR 1,562,000 
APR 1,498,000 
MAY 1,702,000 
J U N  1,800,000 
JUL 1,791,000 
AUG 2,022,000 
SEP 1,699,000 
OCT 1,601,000 
HOV 1,457,000 
DEC 1,474,000 

Tot. 19,656,000 $1,194,458 79,440 $54,615 $1,249,073 

Total  kwh 19,656,000 X 3413 BTU/KWH 67,085,928,000 BTUIS * 183,973 BTUIS PER SQUARE.FOOT PER YEAR 
Total  Natural Gar 79,440 X 10000@ BTU/CCF * 7,944,000,000 BTUIS 21,785 BTUIS PER SQUARE FOOT PER YEAR 

To ta l r  75,029,928,000 BTU'S = 205,758 BTU'S PER SQUARE FOOT PER YEAR 

TABLE 2: OPERATING CONNECTED kW 

Computere 6 Computer HVAC 

Computers 
Lieber t  Unite 
CRT's 

Subtotal  

WAC System 

VAV AHU' s 

TABLE 3: OPERATING kW BY SEASON 

Computers 6 
Computer WAC 

Comput e r r  
Lieber t  Uni t r  
CRT'B 

Sub t o t a l  

HVAC System 

VAV AHU's 
AHU1# 
Pumps 
C h i l l e r r  

Subto ta l  

Lightr  and Mimcellaneou8 

Lighte 706 
Elevator8 11 
Kitchen 3 5 

Subto ta l  752 

Grand Total  3 ,574 

WINTER 
k W 

933 
567 
100 

1,600 

100 
189 

45 
0 

334 

706 
11 
3 5 

752 

2,686 
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TMLE 4 :  kWh BALANCE 

WINTER 

MAD 

CRT'S 
LIEBERT AHU'S 
VAV AHU'S 
M U ' S  
PUMPS (HEAT) 
ELEVATORS 
COMPUTERS 
LIGHTS 
LIEBERT COMPR. 
KITCHEN 

OFF PEAK ON PEAK 
kW X hre = KWH KW X hre 

SUMMER 

LOAD 

CRT'S 
LIEBERT AIIV'S 
VAV AHU' 6 
mu's 
CHW PUMPS 
ELEVATORS 
COMPUTERS 
LIGHTS 
LIEBERT COHPR, 
KITCHEN 
CHILLERS 

OFF PEAK ON PEAK 
kW X HRS = kwh kW X HRS 

TOTAL 

TOTAL 

LIGHT8 UISC. BUILDING HVAC 

&7W,DO K W H  / 3.687.28O K w d B  

FIGURE f 

ANNUAL ENERGY USAGE-Wtl 
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ENERGY UTILIZATION ANALYSIS - BOTTOM-UP APPROACH 

Load c a l c u l a t i o n s  were developed a t  h e a t i n g  and 
cool ing  deeign c o a d i t i o n e  f o r  t h e  thermodynamic 
c h a r a c t e r i s t i c s  of t h e  f a c i l i t y  inc lud ing :  

o  t ransmiss ion  through w a l l e ,  windowe and roof 
o i n f i l t r a t i o n  - s e n s i b l e  and l a t e n t  h e a t  
o  v e n t i l a t i o n  a i r  - s e n s i b l e  and l a t e n t  h e a t  
o  i n t e r n a l  h e a t  g a i n  - people and procese 
o s o l a r  load 
o miscel laneous e l e c t r i c  consumption 

P a r t i a l  load c h a r a c t e r i e t i c e  were i n p u t  f o r  
occupancy, m i ~ c e l l a n e o u a  e l e c t r i c  coneumption and 
reduced v e n t i l a t i o n  a i r  over  a  24-hour per iod .  Theee 
24-hour p r o f i l e s  were developed f o r  t h r e e  day types :  
weekday, Saturday and Sunday. 

Ca lcu la ted  des ign  loade were then r u n  on a  
computer program using ASHRAE Standard Reference Year 
hourly weather  d a t a  f o r  t h e  purpoee of g e n e r a t i n g  a 
model of t h e  b u i l d i n g s '  energy consumption f o r  
comparison t o  a c t u a l  u t i l i t y  b i l l s .  

The r ~ ~ u l t e  of t h e  modeling program and a c t u a l  
1983 n a t u r a l  g a s  and e l e c t r i c  consumption a r e  graphed 
i n  Figures 2 and 3. The r e s u l t s  i n d i c a t e  a  good 
understanding of t h e  h e a t i n g  requiremente of t h e  
f a c i l i t y  a s  demonetrated by t h e  c l o s e  f i t  of t h e  two 
curves d e f i n i n g  a c t u a l  and modeled n a t u r a l  g a s  usage.  

Examination of t h e  graph showing modeled e l e c t r i c  
coneumption verens  a c t u a l  1983 d a t a ,  i l l u s t r a t e s  an 
underetanding of e l e c t r i c a l  energy requiremente dur ing  
a l l  but  peak cool ing  monthe. F u r t h e r  i n v e s t i g a t i o n  of 
a c t u a l  coo l ing  requiremente dur ing  t h e e e  monthe w i l l  be  
used t o  tune  t h e  model. For purpoaee of t h i n  paper ,  
t h e  model demonatrates  a n  underetanding of e l e c t r i c  

energy requirements f o r  a l l  loada except  t h e  
c e n t r i f u g a l  c h i l l e r s .  

ELECTRIC SERVICE 

P h i l a d e l p h i a  E l e c t r i c  Ccrmpany s e r v i c e 8  t h e  
f a c i l i t y  under r a t e  schedule  HT (High Tension Pover) .  
The u t j . l i t y  company prov ides  untransformed 33,000 v o l t  
e l e c t r i c  s e rv i ce  from t h e i r  s tandard  high-tenaion 
l i n e a .  A l l  t r a n ~ f o m i n g  and swi tch ing  equipment is  
owned by t h e  f a c i l i t y .  

Ra te  S t r u c t u r e  

S e v e r a l  d e t a i l e d  elements  add t o  t h e  complexity of 
t h e  r a t e  s t r u c t u r e .  The r a t e  structure is designed t o  
a s s e s s  demand charges  and i n c l u d e s  a  r s t c h e t  c l a u s e .  
R e g i s t e r e d  demnnd i s  based on t h e  h i g h e s t  r a t e  of 
e l e c t r i c i t y  used i n  a 30-n inu te  per iod  f o r  t h a t  month. 
The r a t c h e t  c l a u s e  f u r t h e r  s t i p u l a t e s  t h e  demnnd charge 
d u r i n g  October through May w i l l  n o t  be l e s s  than 80 
p e r c e n t  of t h e  h i g h e s t  b i l l i n g  demand charged dur ing  
t h e  p r e c r d i n g  months of June through September. 
T h e r e f o r e ,  the  maximum r a t e  a t  which e l e c t r i c i t y  i s  
ueed a f f e c t s  t h e  c o s t  more than one would normally 
expec t .  Rate Schedule HT u s e s  t h e  fo l lowing  d n t a  t o  
c a l c u l a t e  monthly e l e c t r i c  b i l l s .  

Bi l l inj?  Demand. Computed t o  t h e  n e a r e s t  k i l o w a t t  
of r e g i s t e r e d  demand a d j u s t e d  t o  95 p e r c e n t  power 
f a c t o r .  During October through May, b i l l i n g  demand 
w i l l  n o t  be leu8 than 80 p e r c e n t  of t h e  h i g h e s t  b i l l i n g  
demnnd i n  t h e  p reced ing  months of June  through 
September. 

R e ~ i s t e r e d  Demand. Metered a c t u a l  kW demand - 
dur ing  t h e  30-minute per iod  of g r e a t e e t  use  f o r  t h a t  
month. 

Power Fac toz .  Metered kVaRH used t o  compute power 
f a c t o r  a t  t ime of reg i l r t e red  demand peak. 

B i l l e d ] R e ~ i s t e r e d  Ki lowat t  Hour8. Metered t o t a l  -- 
k i l o w a t t  hours  f o r  t h e  b i l l i n g  p e r i o d .  

to00 On-Peak Ki lowat t  H o 3 ~ .  Defined a a  t h e  hours  ---- a 
0 between R:00 a .m.  and  8:00 p.m., d a i l y  except  

Sa turdays ,  Sundays a n d  h a l i d a y s ;  except  t h a t  on-peak 

o houra end a t  4:00 p.m. on Fr idays .  
Jan Fmb Mar AD# May Jun Jul Aur 80p Occ Nov Doo 

Months 
Off-Peak Kilowatt  IIoure. The houre o t h e r  than 

"odd FLOURE 2 those  s p e c i f i e d  a s  on-peak houre. 
--a 

Monthly liWH f'onsrmption H i ~ h  Voltage n i ~ c o u n t .  $0.07 p e r  r e g i s t e r e d  kW of 
demand. 

I Sample Rate C a l c u l a t i o n s  

A The fo l lowing  sample i l l u s t r a t e s  a l l  a s p e c t 8  of 
t h e  r a t e  s t r u c t u r e  and ioc ludee  t5e .  methode and d a t a  
f o r  c a l c u l a t i n g  t h e  f a c i l i t y ' s  e l e c t r i c  b i l l s .  

.......................... Customer Charge: $ 248.98 

........................................... Capac i ty  Charge: $4.18 per  kW X 3230 ( b i l l i n g  demand) 
13,501.40 

- - -  
I n  t h i s  c a s e ,  t h e  b i l l i n g  demand is  80 p e r c e n t  of 

*Y  Jun JUI Aug Sen OCI ~ a v  osc 4,038 kW, t h e  peak b i l l i n g  demand of June through 

Months September. The r e g i s t e r e d  demand a d j u a t e d  f o r  power 
1da1 FWURE 3 
-4  f a c t o r  would have been: 

ln th ly  Gas Consumption 
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Registered kW ________------ X 95 = B i l l i n g  Demand o r ,  
Registered P . F .  

ince the  80 percent  r a t c h e t  exceede t h i s  kW, t h e  
r e a t e r  of t h e  two i e  used t o  compute b i l l i n g  kW. 

nergy Charge: 
0.0704 per kwh f o r  the  f i r e t  150 hotlrs b i l l i n g  demand 
0.0544 per kwh f o r  t he  next  150 houre 
0.0387 per  kwh f o r  add i t i ona l  use o r ,  

Time-Of-Use Adjuetment: 
Off-Peak Credi t  = $0.0026 per  kwh o r ,  - 
$0.0026 X 894,105 = ..................... <$ 2,324.67> 

On-Peak Charge = $0.0024 per  kwh o r ,  
$0.0024 X 580.895 - ..................... $ 1,394.14 

High Voltage Discount: 
$0.07 per  r eg i s t e r ed  kW o r ,  
$0.07 X 2610 kWP ...................... <$ 182.70> 

SUBTOTAL ................................. $92,684.95 

Pennsylvania S t a t e  Tax Adjuetment Clause: 
5.54 X of $92,684.95 - ................... $ 5,134.75 

E l e c t r i c  Fuel Credi t :  
$0.007289 per  kwh ........................ <$10,751.28> 

SUBTOTAL ................................. $87,068.42 

Pennsylvania 6 X Sales  Tax: ....................... 6 X of $87,068.42 = $ 5,224.11 

GRAND TOTAL ............................... $92,292.53 

Rate S t ruc tu re  Obeervations 

1. The e f f e c t i v e  d o l l a r  coat  per  kW i s  t he  t o t a l  of 
severa l  elements: 

Capacity Charge ........................... $ 4 . 1 8 / k ~  
Energy Charge ($0.0705 X 150) l e s s  ($0.0387 X 150) 
($0.0544 X 150) l e e s  ($0.0387 X 150) = ... $ 2.3551kW 

This holde t r u e  mince in a l l  casee ,  300 timee t h e  
b i l l i n g  demand i s  l e s s  than t h e  t o t a l  b i l l e d  kwh. 

High Voltage Diacount ..................... <$ 0 . 0 7 / k ~ >  

SUBTOTAL ........ ......+.+.*,.,...*...a.m.. $11m22/kW 

PA Tax Adjustment 6 Sa les  Tax (5.54 % + 6 % I  X $11.22 - 
GRAND TOTAL ............................... $12.51/kW 

Therefore,  t he  t o t a l  d o l l a r  coet  avoidance f o r  each 
kW reduction i n  b i l l i n g  demand w i l l  be $12.51 per  kW. 

2. Elements of  t h e  r a t e  s t r u c t u r e  t h a t  have an impact 
on t h e  e f f e c t i v e  d o l l a r  coe t  per  kwh a r e :  

............ Marginal kwh Energy Charge $ 0.0387 
On-Peak Charge - $0.0024 

Off-Peak Cred i t  - <$0.0026> .. PA Tax Adjuetment (5.54 X X $0.0387). $ 0.002143 .................. E l e c t r i c  Fuel Credi t  <$ 0.007289> .............................. Subto ta l  $ 0.033554 

........ PA Salem Tax ( 6  % X $0.033554) $ 0.0020132 

........................... Grand Tota l  $ 0.03556721kW 

Thereforn, $0.0355672 w i l l  be t h e  d o l l a r  cos t  
avoidance £01. each kwh eaved. I n  add i t i on ,  it i s  
important t o  note  t h a t  off-peak savings w i l l  be 
decreased by $0.0029086/kWh t o  $0.0326586/kWh and on- 
peak k i l l  be Lncreased by $0 .OO26848 t o  $0.038252/kWh, 
inc luding  e t a t e  taxes .  

The t o t u l  component of t h e  d o l l a r  demand f o r  th in  
p a r t i c u l a r  u t i l i t y  b i l l  i s  $40,407.30, o r  approximately 
44 percent .  

GAS SAVINGS 

Natural  gas i e  supplied t o  t h e  f a c i l i t y  by 
Phi lade lphia  E l e c t r i c  Company under r a t e  GC General 
Service.  The r a t e  s t r u c t u r e  i e  s t r a igh t fo rward  a s  
opposed t o  t he  e l e c t r i c  r a t e  s t r u c t u r e .  The following 
i l l u e t r a t e s  the  components used t o  c a l c u l a t e  t he  gas 
b i l l .  

........................ Customer C h a r ~ e  $10.00 ....................... Commodity Charge $ 6 . 1 3 3 1 ~ ~ ~  ................... S t a t e  Tax Adjustment 3.19 % ................ Gae Cost Rate  resent) $ 0.02053/CCF 

UTILITY COST ANALYSIS -- 
By applying our understanding of the  e l e c t r i c  r a t e  

r t r u c t u r e  t o  t he  energy u t i l i z a t i o n  a t  t h e  f a c i l i t y  we 
can nee how d o l l a r s  a r e  being spent  f o r  e l e c t r i c a l  
energy, 

The d o l l a r  a l l o c a t i o n  f o r  t he  load ca t ego r i e s  
charged dur ing  a t y p i c a l  summer month ( s e e  Table 5 f o r  
June) can be compared t o  those  dur ing  a w in t e r  month 
( s e e  Table 6 f o r  December). 

Prom the  sample months depic ted ,  t h e  amount of 
energy used f l uc tua t ed  by eeason f o r  t h e b u i l d i n g  HVAC 
computer, HVAC, and l i g h t s .  To annual ize  t h e  kW and kwh 
c o s t s ,  we subt rac ted  t he  cons tan t  loads  from the  t o t a l  
energy ueed which i nd i ca t ed  t h e  kwh and peak kW use by 
t he  bui ld ing  WAC. Thie gave a c l e a r  p i c t u r e  of where 
e l e c t r i c  d o l l a r e  a r e  being spent .  (See Table 7 and 
Figure  4. ) 

To compare energy usage t o  t h a t  of an o f f i c e  
bui ld ing  without  computers, we subt rac ted  t he  est imated 
kwh coneumed by t he  computers and a s soc i a t ed  HVAC from 
per  square f o o t  of t he  t o t a l  183,973 Btu'e per  square 
f o o t  coneumed i n  one year. The remaining 69,104 Btu ' s  
per  square f o o t  used pu t s  t h i s  bu i ld ing  i n  a normal 
e l e c t r i c a l  consumption range. 

ESL-HH-84-08-12

Proceedings of the First Symposium on Improving Building Systems in Hot and Humid Climates, August 1984



Computer & 
Computer HVAC 

Computers 
Liebert  Compr. 
Liebert  MU'e 
CRTts 

Subto ta l  

HVAC System 
VAV AHU s 
AHU'e 
CHW Pump 
C h i l l e r s  

Subto te l  

Lightr  & Mircellaneous 
Lighta 
Elevator 8 

Kitchen 

Subtotal  

T o t r l  

TABLE 5: 

PLUS POWER FACTOR PENALTY OF: 464 X $12.51 L 

Grand Tota l  = 

TOTAL $ 

35,783 
14,686 
1,918 
3,835 

56,222 

3,325 
7,248 
2,876 

20,372 

33,821 

19,498 
422 
6 86 

20.606 

$110,649 

TABLE 6: WINTER (DECEMBER) ELECTRICITY COST ANALYSIS 

Computer & Computer W A C  
Comput e re  
Liebert  Compr. 
Liebert  ARU1r 
CRT's 

Subtotal  

HVAC S y s t m  
VAV ARU'r 
AHU'a 
Pumps 

Subtotal 

Lightr  L Hiscellaneoue 
Lights 
Elevators 
Kitchen 

Subtotal  

Tota l  

AVG $/KWH 
x $0.0354=$ TOTAL $ 

35,783 
14,686 
1,918 
3,835 

56,221 

2,802 
5,481 
1,726 

lO,OO8 

19,498 
422 
6 86 

20.606 

$ 86,835 

PLUS RATCHET PENALTY OF: 473 KW X $12.51 I 5,917 

Grand Tota l  = $ 92,752 
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TABLE 7: ANNUAL ELECTRICITY COST ANALYSIS 

kW X $12.51-$ 

Computer L Computer HVAC 19,200 $240,192 

L i g h t r  and MimceIlaneous 9,024 $112,890 

HVAC 8.893 $111.251 

Tota l  37,117 $464,334 

PLUS POWER FACTOR 6 RATCHET PENALTIES OF: 

5856 kW X $12.51 

Grand T o t a l  

TOTAL $KW: $537,593. (44%) 

TOTAL $KWH: $695.822. .(56%) 

FIGURE 4 

WHERE THE ELECTRIC S's GO 

CONCLUSIONS 

Heaeured energy consumption ga thered  dur ing  on- 
e i t e  a u d i t i n g  of t h e  f a c i l i t y ,  i n  con junc t ion  v i t h  
u t i l i t y  b i l l i n g  h i s t o r y  and u t i l i t y  meter p r i n t o u t s  can 
e f f e c t i v e l y  be  used t o  deve lop  load  p r o f i l e e  of v a r i o u s  
energy coneumiag eyateme. 

The load  p r o f i l e e  developed through uee of t h e  
top-dovn energy u t i l i z a t i o n  a n a l y s i s  p rov ides  a 
convenient input  of eet imated hours  of uee t o  t h e  
bottom-up technique of computer modeling. The computer 
mo 
un 
I n  
f u  
ad 

d e l  may be used a s  a v e r i f i c a t i o n  of t h e  
dere tanding  of energy consumption i n  v a r i o u s  syeteme. 

t h i e  format ,  enhancement6 of t h e  model based upon 
r t h e r  d a t a  g a t h e r i n g  a r e  r e a d i l y  implemented. I n  
d i t i o n ,  propoeed changes t o  energy consuming ayeteme 

TOTAL $ 

$ 674,648 

$ 247,267 

$ 238,241 

$1,160,156 

f o r  coneerva t ion  o r  o t h e r  purposes may be r e a d i l y  
modeled t o  p r o j e c t  energy consumption a s  a r e e u l t  of 
any changes. 

Analys i s  of t h e  u t i l i t y  r a t e  s t r u c t u r e  c l a r i f i e s  
t h e  u t i l i t y  c o s t s  a e e o c i a t e d  w i t h  each b i l l i n g  element. 
Thie underatanding i e  neceeeary t o  a c c u r a t e  p r o j e c t i o n  
of c o a t s  a e e o c i a t e d  v i t h  a p a r t i c u l a r  energy consuming 
system. 

Once t h e  d e t e r m i n a t i o n  of energy c o s t  by f u n c t i o n  
has  been made, p r a c t i c a l  a p p l i c a t i o n s  of t h i e  
unders tand ing  a r e  v a r i e d .  For example, more a c c u r a t e  
a l l o c a t i o n e  may be made f o r  c o a t  account ing  pUrpOee6, 
budget 1 systema'  o p e r a t i n g  c o e t e  may be 
r e a d i l  or p r i o r i t i z i n g  f u r t h e r  ntudy of 
energy 
o p e r a t  

n meaeures accord ing  t o  eystem 
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