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ABSTRACT 

The design of heating and cooling equipment in 
semi -tropical cl imates presents some design consid- 
erations and limitations not so prevalent in temper- 
ate climates. In some cases, the heating season may 
be non-existent for a1 1 practical purposes. Another 
consideration is the high ventilation loads due to 
cooling the moist air prevalent in semi-tropical 
cl imates. This paper describes a computer program 
which assesses all the pertinent variables which 
comprise the annual heating and cool ing energy 
requirements for comnercial buildings. It is then 
suggested that this computer program would be 
valuable in determining the changes one could expect 
in annual energy usage by varying certain building 
design parameters. Secondly, a small office build- 
ing actually constructed in Central Florida in which 
the author designed the Heating and Cooling HVAC 
system is described. Tradeoffs are presented 
showing the effects of changes in these building 
design parameters. 

INTRODUCTION 

The design of heating and cooling equipment in 
semi-tropical climates presents some design consid- 
erations and limitations not so prevalent in temper- 
ate climates. First of all, the average cooling 
season is increased as compared to temperate cli- 
mates with a corresponding decrease in the heating 
season. In some cases, the heating season may be 
non-existent for all practical purposes. Many older 
comnercial buildings in Central Florida made no 
provisions whatsoever for heating plants where the 
normal occupancy is for just an eight hour day. For 
these conditions, the mechanical designer relied on 
the "heat of lights" and the heat gain from building 
occupants to offset the building heat loss during 
the seasonal cooling months. These designs relied 
on spot heaters to provide some heat during the cold 
spells. 

Another consideration is the high ventilation 
loads due to cooling the moist air prevalent in 
semi-tropical climates, especially coastal areas. 
This paper examines these effects and the variation 
in the thermal design parameters for comnercial HVAC 
system design applications. 

This paper describes a computer program which 
assesses all the pertinent variables which comprise 
the annual heating and cooling energy requirements 
for commercial buildings. It is then suggested that 
this computer program would be valuable in determin- 
ing the changes one could expect in annual energy 
usage by varyfng certain building design parameters. 

Secondly, a small office building actually con- 
structed in Central Florida in which the author 
designed the Heating and Cooling HVAC system is 
described. Trade-offs are presented showing the 
effects of changes in: 

a) amount of fresh air ventilation 
b) window overhangs, shading and the use of 

reflective and tinted glass 
c) variation in wall insulation 
d) changes in space lighting levels 
e) building orientation. 

Having established the changes in annual 
energy consumption due to the above variables, the 
base1 ine or reference constructed building is 
examined for other geographical site locations. 

This study presents valuable insight into 
which building design parameters cause the greater 
change in HVAC annual energy consumption. In 
essence, the HVAC design engineer can use the 
program to rapidly look at the effects of varying 
different parameters in the mechanical design of 
buildings and also have a rapid means of obtaining 
cost data for various design concepts. The design 
engineer can perform "What If?" analysis and look 
at the effect of different building design concepts 
on the overall annual energy consumption. 

CLIMATIC ZONES 

Since the study building was actually con- 
structed according to the basic design parameters 
in Central Florida, Zone 1 was selected as the 
primary climate zone for the study. North Latitude 
28 degrees extending across Florida as shown in 
Table 1 and in Figure 1 defines Zone 1. 

TABLE 1 

SEMI-TROPICAL CLIMATE ZONE 1 

28 DEGREES NORTH LATITUDE 

LOCATION LATITUDE WINTER DB SUMMER DB/WB 
degrees 99% 97.5% 1% 2.5% 5% 

Cape Kennedy 28 30' 35 38 90178 88/78 87/88 
Lakeland, FL 29 32 35 92/78 90177 88/77 
Orlando, FL 28 30' 35 38 94/76 93/76 91/76 
St. Petersburg 28 36 4 0  92/77 91/77 90176 
Sanford, FL 28 50' 35 38 94/76 93/76 91/76 
Tampa, FL 28 36 40 92/77 91/77 90176 
Corpus Christi 27 50' 31 35 95/78 94/78 92/78 
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Fig.  1 C l imat i c  Zones 

A second zone was a lso  de f ined  i n  t h i s  study 
which extends from Jacksonv i l l e ,  F l o r i d a  through 
Tallahassee across the  panhandle, through Alabama 
and Louis iana a t  Nor th L a t i t u d e  30 degrees, as shown 
i n  Table 2. Th is  zone has s i m i l a r  c l i m a t i c  condi- 
t i o n s :  ho t  humid summer weather and moderate w i n t e r  
cond i t i ons  as does the  Zone 1 Cent ra l  F l o r i d a  area. 
C l imat i c  data a l s o  show t h a t  the  east  coast Texas 
areas a l s o  e x h i b i t  warm humid summer temperatures. 
However, t h e  i n l a n d  summer cond i t i ons  average 
approximately 5 degree F h igher  w i t h  almost semi- 
a r i d  mois ture condi t ions.  The zones de f ined  above 
j u s t  touch upon t h e  s t a t e  o f  Texas. 

TABLE 2 

SEMI-TROPICAL CLIMATE ZONE 2 

LOCATION 

Jacksonv i l l e  
Panama C i t y  
Pensacola , FL 
Tal lahassee 
Baton Rouge 
New Orleans 
Mobi le, AL 
P o r t  A r thur  
Houston, TX 

LATITUDE 
degrees 

30 30' 
30 
30 30' 
30 20' 
30 30' 
30 
30 40' 
30 
29 40' 

WINTER DB SUMMER DB/WB 
99% 97.5% 1% 2% 5% 

COMPUTER PROGRAM DESCRIPTION 

The computer program developed f o r  t h i s  study 
i s  e s s e n t i a l l y  a  "b in"  t ype  energy procedure which 
ca lcu la tes  the  b u i l d i n g  heat l o s s  and heat g a i n  over  
an assumed constant  three-hour per iod.  These 
parameters e s s e n t i a l l y  i n v o l v e  the  outdoor ambient 
temperature and, i n  the  case o f  t h e  w a l l  

t ransmission, a  reference "U" value. The procedure 
f o r  computing the  heat  ga in  due t o  w a l l  
t ransmiss ion i s  descr ibed i n  the  1981 ASHRAE 
Handbook o f  Fundamentals and a l s o  i n  the  ASHRAE 
Cool ing and Heat ing Load C a l c u l a t i o n  manual (1, 2). 
Th is  manual employs the Cool ing Load Temperature 
D i f f e r e n c e  method (CLTD) which inc ludes  the  thermal 
capac i t y  o f  t h e  w a l l  system and accounts f o r  the 
f a c t  t h a t  t h e  peak c o o l i n g  load  may occur some t lme 
a f t e r  the peak instantaneous heat gain. V a r i a t i o n  
i n  b u i l d i n g  o r i e n t a t i o n  i s  a l s o  considered i n  t h e  
program s ince data f o r  d i f f e r e n t  w a l l  o r i e n t a t i o n s  
i s  a v a i l a b l e  i n  the  ASHRAE guides. The permi t ted  
w a l l  o r i e n t a t i o n s  are f o r  45 degree increments f rom 
t r u e  Nor th  as shown i n  Table 3. 

TABLE 3 

BUILDING ORIENTATION 

1 North Nor theast  
2  East Southeast 
3  South Southwest 
4  West Northwest 

Wall Area O r i e n t a t i o n  1 ? 
Wall Area O r i e n t a t i o n  2 ? 
Wall  Area O r i e n t a t i o n  3 ? 
Wall  Area O r i e n t a t i o n  4 ? 

To ta l  Gross Condi t ioned F l o o r  

Wall U Value 

Wall Weight per  U n i t  Area 

Area? 14900 ftL 

2 ? 0.06 B t u / h r - f t  -F 

I s  c o n s t r u c t i o n  l i g h t w e i g h t  frame o r  l i g h t w e i g h t  
c u r t a i n ?  L igh twe igh t  Frame 

2 Energy Table U Value 0.081 B tu /h r - f t2 -F  
L igh twe igh t  Frame 0.081 B t u / h r - f t  -F 

Th is  t a b l e  i s  an ac tua l  rep resen ta t ion  o f  t h e  
CRT d i s p l a y  screen and i l l u s t r a t e s  t h e  i n t e r a c t i v e  
na tu re  o f  the  program. Since t h e  assigned values 
f o r  o r i e n t a t i o n s  1 through 4 a r e  a r b i t r a r y .  i t  i s  
obvious t h a t  we can r o t a t e  the  b u i l d i n g  through 360 
degrees i n  increments o f  45 degrees t o  determine 
t h e  e f f e c t  o f  b u i l d i n g  o r i e n t a t i o n  on t h e  heat g a i n  
and t h e  annual energy consumption. 

Wall  t ransmiss ion i s  determined by  e v a l u a t i n g  
the  Wall M u l t i p l i e r  f a c t o r s  as shown i n  equat ion 
(1). 

where 

Uw = ac tua l  w a l l  "U" va lue  

WA = w a l l  area 

U: = re fe rence  "U" va lue  

FA = t o t a l  p l a n  f l o o r  area 
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The ac tua l  w a l l  "U" va lue i s  a  weighted average 
which accounts f o r  the heat t ransmiss ion through 
doors and o ther  g lass  areas which a re  n o t  accounted 
f o r  i n  the  f e n e s t r a t i o n  c a l c u l a t i o n .  Namely, 

For i = 1 t o  4 (Wall  O r i e n t a t i o n )  

where A = Aw + Ag + Ad 

Wall thermal capac i t y  e f f e c t s  a re  accounted f o r  
by having separate data tab les  i n  the  program f o r :  
l i g h t w e i g h t  c u r t a i n  w a l l s ,  l i g h t w e i g h t  frame w a l l s ,  
medium weight wal ls ,  heavy weight wa l l s ,  and e x t r a  
heavy weight  wa l l s .  

Heat ga in  through r o o f s  i s  handled i n  a s i m i l a r  
fash ion  except t h a t  f o r  roo fs ,  e ighteen separate and 
d i s t i n c t  con f igu ra t ions  a re  i n  the program each w i t h  
i t s  own reference r o o f  "U" value. The program user 
i s  f r e e  t o  vary the "U" value f o r  the ac tua l  b u i l d -  
i n g  con f igu ra t ion .  The r o o f  m u l t i p l i e r  equat ion i s  

The energy c a l c u l a t i o n  due t o  s o l a r  fenes t ra -  
t i o n  i s  accomplished by m a t r i x  m u l t i p l i c a t i o n  tab les  
i n  the program f o r  each month of the year .  These 
tab les  con ta in  the  s o l a r  heat ga in  f a c t o r s  as a 
f u n c t i o n  o f  o r i e n t a t i o n  f o r  t h a t  p a r t i c u l a r  month. 
Separate tab les  are employed f o r  d i f f e r e n t  overhangs 
and s ide  f i n s .  The s o l a r  m u l t i p l i e r  f a c t o r  i s  

For i = 1 t o  4 (g lass  o r i e n t a t i o n )  

GA i s  the g lass area and SCM i s  e s s e n t i a l l y  the 
shading c o e f f i c i e n t .  S i m i l a r  t o  i t s  t reatment  i n  
a i r  c o n d i t i o n i n g  load  ca lcu la t ions ,  the g lass 
conduct ion l o a d  i s  added together  f o r  the  f o u r  
b u i l d i n g  o r i e n t a t i o n s .  The equat ion accounting f o r  
g lass c o n d i t i o n  i s  

Obviously CM i n  the  equat ion i s  the o v e r a l l  g lass 
"U" value. 

The v e n t i l a t i o n  parameter i s  handled by 

The s i m p l i c i t y  o f  t h e  VM parameter should 
c l e a r l y  i n d i c a t e  the na tu re  of the  energy usage 
c a l c u l a t i o n  obta ined f rom the program. C lear l y ,  the 
v e n t i l a t i o n  l o a d  i s  t h e  d i f ference between the  t o t a l  
enthalpy o f  the  ou ts ide  a i r  evaluated a t  the  wet 
bu lb  temperature. The program uses the three-hour 
average v a r i a t i o n  o f  the  ou ts ide  d r y  and wet bu lb  
temperature and assumes t h a t  the indoor  design 
cond i t i ons  are d i c t a t e d  by energy code guide1 ines. 

It i s  obvious f r o m .  these c o n s t r a i n t s  t h a t  the  
program cannot c a l c u l a t e  energy usage f i g u r e s  f o r  
cond i t i ons  other  than the re fe rence  weather data 
and b u i l d i n g  occupancy schedule. As p r e v i o u s l y  
po in ted  out,  the  use o f  t h i s  program i s  t o  o b t a i n  
r a p i d  est imates o f  changes i n  annual energy usage 
as a f u n c t i o n  o f  v a r i a t i o n s  i n  des ign parameters. 
Var ia t ions  i n  b u i l d i n g  energy usage, as a f u n c t i o n  
o f  opera t ing  procedures, i s  beyond the  scope o f  
t h i s  program. 

L i g h t i n g  loads are program i n p u t  as t o t a l  l oad  
i n  wat ts  due t o  l i g h t i n g  and a re  f a c t o r e d  i n t o  the 
c a l c u l a t i o n .  Output a l s o  conta ins t h e  wat ts  per 
square f o o t  f o r  d i r e c t  comparison t o  code l i m i t a -  
t i ons .  Each b u i l d i n g  type by i t s  nature, w i l l  have 
a represen ta t i ve  occupancy densi ty ;  and i n  addi -  
t i o n ,  the  a c t i v i t i e s  o f  t h e  people i n  the  b u i l d i n g  
w i l l  a l s o  va ry  accord ing t o  the  b u i l d i n g  use. 
Representat ive b u i l d i n g  types a v a i l a b l e  i n  the 
program a r e  shown i n  Table 4. The v a r i a t i o n  i n  
i n t e r n a l  heat gains due t o  occupants as a f u n c t i o n  
o f  b u i l d i n g  usage i s  immediately obvious i f  we 
examine a t y p i c a l  o f f i c e  b u i l d i n g ,  a  theatre,  and a 
bowl ing a l l e y .  According t o  Rudoy and Cuba i n  (2) 
one can present  data as shown i n  Table 5 .  The 
program conta ins a data t a b l e  f o r  each b u i l d i n g  
type which incorporates an average va lue f o r  the  
popu la t ion  dens i t y  and a represen ta t i ve  va lue f o r  
the  occupancy heat  gains as suggested by Table 5. 
The program user  may a d j u s t  t h i s  va lue  by u s i n g  a 
'people m u l t i p l i e r "  o ther  than 1.0 which may be 
i n f e r r e d  as an increase o r  decrease i n  occupancy 
from t h e  suggested va lue o r  as a v a r i a t i o n  i n  
occupancy heat ga in  f rom the  program value. 
C lear l y ,  t h e  "people mu1 t i p l i e r "  can a lso  be 
thought o f  as v a r y i n g  b o t h  occupancy l e v e l s  and 
heat gains f rom those occupants. 

TABLE 4 

AVAILABLE BUILDING TYPES 

Place o f  Assembly, Audi tor ium 
Bank o r  Savings and Loan 
C l i n i c  
Drug Store 
School 
1. Classroom 
2. Gymnasium (cond i t i oned)  
3. O f f i c e  
4. Laboratory  
5 .  Audi tor ium 
6. D in ing  
7. K i tchen 
Supermarket 
Hote l ,  Motel 
L i b r a r y  
Mercan t i l e  
1. S t r i p  Shopping Center 
2. Department S to re  
3. Ma1 1 (cond i t i oned)  
4. Storage 
Nurs ing Home 
O f f i c e  B u i l d i n g  
Hosp i ta l  

2. Centra l  Supply 
3. Operat ing S u i t e  

209 
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4. Emergency Department 
5. I n t e n s i v e  Care U n i t  
6. Laboratory 
7. General P a t i e n t  Care 
8. D in ing  
9. K i tchen 

10. O f f i c e  
R  Restaurant 
S  Storage, Warehouse (cond i t i oned)  
T  Theater 
V A i r  Terminal 

1. Commercial 
2. Concourse 
3. Storage 
4. D in ing  
5. K i tchen 

W Place o f  Worship 
X Bowling A l l e y  
Z Special  (Any b u i l d i n g  n o t  l i s t e d  above) 

TABLE 5 

HEAT GAIN FROM OCCUPANTS 

(Adjusted Group T o t a l )  

B t u l h r -  PersonsI2 Heat Gai y 
Person 1000 ft 1000 ft 

O f f i c e  B u i l d i n g  420 10 4,200 
Theater 350 150 52,500 
Bowling A l l e y  960 7  0  67,200 

The program w i l l  a l so  take i n t o  cons idera t ion  
reduced a i r f l o w  requirements due t o  v e n t i n g  t h e  
r e t u r n  a i r  through the l i g h t  f i x t u r e s .  Th is  w i l l  be 
examined and descr ibed subsequently i n  t h e  paper 
both from the  aspect o f  v e n t i n g  r e t u r n  a i r  t o  a  
c e i  1  i n g  plenum, and v e n t i n g  the  r e t u r n  a i r  through 
the c e i l i n g  l i g h t  f i x t u r e  which i s  t i e d  t o  a  r e t u r n  
a i r  duct  system. 

Nat ional  1  y  recognized f u e l  energy program 
c a l c u l a t i o n  procedures are designed p r i m a r i l y  f o r  
c l ima tes  where hea t ing  i s  more impor tant  than 
cool ing.  This program i s  based on the F l o r i d a  Model 
Energy Code which i s  c l i m a t e  s p e c i f i c  f o r  humid 
semi - t rop ica l  c l imates.  Therefore, some o f  the  
assumptions- b u i l t  i n t o  the  program may n o t  be 
appropr ia te f o r  no r thern  temperature c l imates.  I t 
i s  worth ment ion ing here t h a t  the  subsequent b u i l d -  
i n g  d e s c r i p t i o n  study and conclus ions der i ved  from 
t h e  study may be appropr ia te  o n l y  f o r  humid semi- 
t r o p i c a l  l oca t ions .  

I n  keeping w i t h  the  above considerat ions,  the  
program inc ludes a  morning hea t ing  s t a r t u p  f a c t o r  
f o r  the o f f i c e  b u i l d i n g s  even though the  b u i l d i n g s  
w i l l ,  i n  a l l  l i k e l i h o o d ,  r e q u i r e  c o o l i n g  much o f  t h e  
day even i n  the cool  w i n t e r  months. S ta r tup  Heat 
Energy f o r  O f f i c e  B u i l d i n g s  i n  Zone 1 and Zone 2  a re  
as fo l l ows :  

Zone 1 (28 deg. Nor th Lat.)  1400 B t u / f t 2  

Zone 2  (30 deg. Nor th Lat . )  2600 B t u / f t Z  

An a d d i t i o n a l  f a c t o r  which c o n t r i b u t e s  t o  the  
o v e r a l l  annual energy usage i s  the e f f i c i e n c y  o f  
t h e  c o o l i n g  and h e a t i n g l a i r  c o n d i t i o n i n g  system. 
Obviously a  more e f f i c i e n t  mechanical p lan t ,  o r  one 
t h a t  uses a  heat pump as opposed t o  e l e c t r i c  s t r i p  
heat,  uses less  energy. The bottom l i n e  i s  how 
much? We can f a c t o r  t h i s  i n t o  an economic a n a l y s i s  
t o  determine i f  the  proposed design m o d i f i c a t i o n s  
a re  c o s t  e f f e c t i v e .  

The comparisons made and t h e  conclus ions 
a r r i v e d  a t  a re  based on computing the annual energy 
usage f o r  t h e  b u i l d i n g  and a l s o  t h e  b u i l d i n g  
monthly heat gain. By l o o k i n g  a t  these parameters 
s i d e  by  s ide,  some i n t e r e s t i n g  observat ions a r e  
made concerning the b u i l d i n g  thermal envelope 
p roper t ies ,  s p e c i f i c a l l y  i n s u l a t i o n  c h a r a c t e r i s -  
t i c s .  

BUILDING DESCRIPTION & RESULTS 

A h i g h  energy e f f i c i e n t  o f f i c e  b u i l d i n g  used 
f o r  t h i s  s tudy was r e c e n t l y  cons t ruc ted  i n  Cen t ra l  
F l o r i d a .  Most o f  the space i s  u t i l i z e d  f o r  engi -  
neer ing  c o n s u l t i n g  se rv ices  w i t h  t h e  remain ing 
space leased o u t  t o  o t h e r  p ro fess iona ls  such as 
a t to rneys  and accountants. As f a r  as t h e  engineer- 
i n g  u t i l i z a t i o n  o f  the  space i s  concerned, the  
c e n t r a l  core on t h e  second and t h i r d  f l o o r  i s  used 
f o r  an open bay d r a f t i n g  and design work area. The 
f i r s t  f l o o r  i s  used p r i m a r i l y  f o r  p r i v a t e  execut ive 
o f f i c e s  and a l s o  prov ides space f o r  a  r e c e p t i o n  
area and the  execu t i ve  s t a f f .  

Wall c o n s t r u c t i o n  c o n s i s t s  o f  314 inch  s tucco 
on meta l  l a t h  w i t h  1/2 inch  e x t e r i o r  plywood 
shea t ing  supported by 2  by 6  wood studs. I n s u l a -  
t i o n  cons is ts  o f  a  6  i n c h  b a t t  f i b e r g l a s s  i n s u l a -  
t i o n .  I n t e r i o r  f i n i s h  c o n s i s t s  o f  112 i n c h  
d rywa l l .  I n s u l a t i o n  th ickness v a r i e d  somewhat 
throughout t h e  bui ld ing;  b u t  f o r  purposes o f  analy-  
s i s  and P s i g n ,  an average w a l l  "U" va lue o f  0.06 
B t u l h r - f t  -F was assumed. 

Roof c o n s t r u c t i o n  cons is ted  o f  a  normal 
b u i l t - u p  r o o f  over  3  i n c h  l i g h t w e i g h t  concrete 
decking. The underside o f  t h e  decking had a  6  i n c h  
fo i l -backed  i n s u l a t i o n  i n s t a l l e d  r e s u l t i n g  i n  a  
r e f l e c t i v e  a i r  space gap between t h e  i n s u l a t i o n  and 
the  518 i n c h  gypsum p l a s t e r  c e i l i n g .  Th is  r e s u l t e d  
i n  a  " U i  va lue f o r  t h e  r o o f  system o f  0.034 
B t u / h r - f t  -F. 

Glaz ing cons idera t ions  f o r  t h e  b u i l d i n g  
r e s u l t e d  i n  an average g lass  t o  t o t a l  w a l l  area 
r a t i o  o f  33 percent  f o r  t h e  b u i l d i n g .  Glaz ing 
cons is ted  o f  a  114 i n c h  s i n g l e  pane bronze t i n t e d  
g lass  throughout w i t h  shading c o e f f i c i e n t  equal t o  
0.7. These ac tua l  b u i l d i n g  des ign parameters a r e  
f u l l y  descr ibed i n  Table 6. B u i l d i n g  design 
occupancy l e v e l s  were 137 people approx imate ly  
d i s t r i b u t e d  even ly  over  t h e  t h r e e  f l o o r s .  The 
design v e n t i l a t i o n  r a t e  was taken as 5  cfm per  
person which r e s u l t e d  i n  a  des ign v e n t i l a t i o n  r a t e  
o f  685 cfm f o r  the  b u i l d i n g .  

Each f l o o r  i s  served by a  separate a i r  handler  
w i t h  i t s  i n d i v i d u a l  s p l i t  system condensing u n i t  
A i r -To-A i r  Heat Pump i n s t a l l e d  on t h e  roof .  The 
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f i r s t  f l o o r  a i r  handler  i s  i n s t a l l e d  i n  a mechanical 
equipment room so t h a t  the  r e t u r n  a i r  en te rs  the  
room and then en te rs  the  evaporat ive c o i l s  v i a  a 
r e t u r n  a i r  f i l t e r  u n i t  on the  s i d e  o f  the  a i r  
handler.  I n  t h i s  s p e c i f i c  case the motor as w e l l  as 
the fan  i s  considered t o  be i n  the  cond i t i oned  
space. Thus, one must account f o r  the heat generat- 
ed by the fan  horsepower and a lso  the  i n e f f i c i e n c i e s  
o f  the e l e c t r i c  motor. The second and t h i r d  f l o o r  
a i r  handlers are i n s t a l l e d  i n  the  c e i l i n g  plenum 
space as shown i n  F igure 2. These systems have a 
duct  r e t u r n  a i r  system, and the  design se lec ted  
r e s u l t s  i n  the  fan  motors being ou t  o f  the a i r  
stream. Therefore, o n l y  t h e  heat  d i s s i p a t i o n  
generated by the fan  horsepower i s  considered t o  be 
inc luded  i n  the  o v e r a l l  b u i l d i n g  heat  gain. A 116 
horsepower exhaust f a n  was assumed t o  operate f o r  
the normal e ight -hour  workday. 

TABLE 6 

ACTUAL BUILDING DESIGN 

Wall Area, O r i e n t a t i o n  1 1 2 2 0 f t 2  

Wall Area, O r i e n t a t i o n  2 1590 ft: 
Wall Area, O r i e n t a t i o n  3 660 ft2 
Wall Area, O r i e n t a t i o n  4 870 f t  

Condit ioned F l o o r  Area, 14,900 Square Fef t  (Gross) 
Wall U Value 0.06 B t u l h r - f t 2 - F  
Roof U Value 0.034 B t u l h r - f t  -F 
Roof Area 4,500 Square Feet 

Glass Area, O r i e n t a t i o n  1 542 ft: 
Glass Area, O r i e n t a t i o n  2 890 ft2 
Glass Area, O r i e n t a t i o n  3 494 ft2 
Glass Area, O r i e n t a t i o n  4 315 ft 

Shading C o e f f i c i e n t ,  Sc 0.7 
Conduction Mu1 t i p 1  i e r  1 .O 
V e n t i l a t i o n  A i r  Rate 685 cfm 
People M u l t i p l i e r  0.919 
L i g h t i n g  40,230 wat ts  
F ix tu res  Vented? Yes 
F i x t u r e s  Ducted? Yes 

E l e c t r i c a l  Heat D i s s i p a t i o n  8.72 Horsepower 
Heat ing System M u l t i p l i e r  0.38 
Cool ing System M u l t i p l i e r  0.45 
Exhaust Fan 0.16666 Horsepower 
Operat ing HoursIDay 8 Hours 
E l e c t r i c a l  Energy Cost 0.05 $/Kw-hr 

The ac tua l  design l i g h t i n g  l e v e l  f o r  the b u i l d -  
i n g  was taken from t g p i c a l  energy code recommenda- 
t i o n s  as 2.7 w a t t s l f t  . The on ly  v a r i a t i o n  present- 
ed i n  t h i s  study i s  t o  show the  annual energy 
consumption as a f u n c t i o n  o f  l i g h t i n g  l e v e l .  The 
annual energy budget va lue  d i c t j t e d  by t h e  F l o r i d a  
Energy Code was 42 MBHIYear-ft a t  t h e  t ime t h i s  
s tudy was undertaken. I t  i s  o f  i n t e r e s t  t o  note 
t h a t  t h i s 2  f i g u r e  has been reduced t o  40 
MBHIYear-ft . Since t h e  b u i l d i n g  o r i e n t a t i o n  
numbering system i s  a r b i t r a r y ,  i t  should be noted 
t h a t  the ac tua l  b u i l d i n  o r i e n t a t i o n  i s  w i t h  1 being 
Nor th (Refer t o  Table 37. 

Hor i zon ta l  A i r  Handler 

Cei 1 i n g  Space 

Second & T h i r d  F loor  

T3uilt up / 

Fig. 2 A i r  Handler I n s t a l l a t i o n  

The r e s u l t s  o f  r o t a t i n g  t h e  b u i l d i n g  i n  succes- 
s i v e  45 degree increments c lockwise i s  shown i n  
Table 7 f o r  bo th  a geographical Zone 1 and Zone 2 
loca t ion .  Since t h e  b u i l d i n g  has a f a i r l y  un i fo rm 
g lass - to  t o t a l  w a l l  area on a l l  f o u r  s ides and i s  
w e l l  i nsu la ted ,  l a r g e  v a r i a t i o n s  i n  annual energy 
usage as a func t ion  o f  b u i l d i n g  o r i e n t a t i o n  a re  n o t  
t o  be expected. 

TABLE 7 

BUILDING ORIENTATION 

(ANNUAL ENERGY USAGE) 

AZIMUTH Zone 1 Zone 2 

Degrees MBHIYear-ft 2 ~ ~ ~ l ~ e a r - f t '  

To ta l  V a r i a t i o n  < 2% 

The e f f e c t  o f  w a l l  i n s u l a t i o n  was examined nex t  
by a r b i t r a r i l y  v a r y i n g  t h e  "I$' va lue  f rom the 
design va lue  up t o  1.0 B t u l h r - f t  -F. These r e s u l t s  
are shown i n  Table 8. Before t r y i n g  t o  e x p l a i n  why 
such a small  unexpected v a r i a t i o n  i n  annual energy 
consumption occurs fo r  such a l a r g e  v a r i a t i o n  i n  
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w a l l  t ransmiss ion fac to rs ,  i t  may be appropr ia te  t o  
examine the two l i m i t i n g  cond i t i ons  on a monthly 
basis. This  i s  shown i n  Table 9 and exp la ins  the 
apparent anomaly. This  t a b l e  revea ls  an i n t e r e s t i n g  
s i t u a t i o n  which i s  subs tan t ia ted  by the computer 
c a l c u l a t i o n s .  The b u i l d i n g  a c t u a l l y  i s  i n  the  
c o o l i n g  mode d u r i n g  most o f  the  w i n t e r  months even, 
though November through February a re  the  co ldes t  
design months. The s i t u a t i o n  comes from the f a c t  
t h a t  n e t  c o o l i n g  i s  r e q u i r e d  due t o  the  occupancy 
load  and t h e  ''heat o f  l i gh ts . ' '  The h igher  "U" 
values permi t  a  g rea te r  heat  l o s s  due t o  transmis- 
s i o n  which reduces the ne t  c o o l i n g  load  dur ing  these 
months. Th is  c o n d i t i o n  i s  i n d i c a t e d  by t h e  as te r -  
i s k s  i n  the tab le.  Ac tua l l y ,  t h e  h igher  transmis- 
s i o n  losses a s s i s t  i n  c o o l i n g  t h e  b u i l d i n g  dur ing  
the  co lder  w i n t e r  months; and hence. the  i n t e g r a t e d  
e f f e c t  over the 12-month p e r i o d  i s  n o t  as l a r g e  as 
one might  expect. Table 10 shows t h e  v a r i a t i o n  i n  
annual energy usage as a f u n c t i o n  o f  r o o f  "U" value. 
A s i m i l a r  argument can be made f o r  the  roof thermal 
conductance t o  show t h e  n e t  c o o l i n g  b e n e f i t  d u r i n g  
the  cool  w i n t e r  months. I t  i s  impor tant  t o  remember 
t h a t  these conclusions a re  o n l y  v a l i d  f o r  the  case 
s tud ied  i n  t h i s  model f o r  the Zone 1 and Zone 2 
reg ion.  I t i s  expected t h a t  t h i s  e f f e c t  would be 
nu1 1 i f i e d  i n  temperate reg ions s l i g h t l y  n o r t h  o f  
Zone 2. 

TABLE 8 

WALL U VALUE - ANNUAL ENERGY USAGE 

U VALUS ZONE 1 ZONE 1 
Btu /Hr - f t  -F ~ ~ ~ / ~ e a r - f t ~  MBH/Year-ft 

To ta l  V a r i a t i o n  c 4% 

TABLE 9 

BUILDING MONTHLY HEAT GAIN ( M B H I ~ ~ ~ )  

ZONE 1 ZONE 2 
U = 0.06 U = 1.0 U j 0.06 U = 1.0 

B t u / h r - f t  -F 

January 

February 
March 
A p r i l  
May 
Summer 
October 
November 
December 

0.54* 
p lus  heat  l o s s  

1.2* 
2.4* 
2.6 
3.1 

15.0 
2.4* 
2.2* 
1.3* 

* Ind ica tes  those months t h a t  w a l l  t ransmiss ion 
a c t u a l l y  produces a heat l o s s  f o r  a t  l e a s t  a  p a r t  o f  
the  d a i l y  e i g h t  hour p e r i o d  (Morning Per iod) .  

TABLE 10 

ROOF U VALUE VARIATION FOR ZONE 1 

U VALUE ANNUAL ENERGY USAGE 1 

2  B t u l h r - f t  -F MBHIYear-ft 2 

0.034 34.4 
0.09 35.7 
0.15 35.8 
0.20 35.9 
0.40 36.3 
0.80 37.1 

Glaz ing cons idera t ions  gave a more d i s t i n c t  
v a r i a t i o n  i n  b u i l d i n g  annual fue l  consumption as 
shown i n  Table 11. Th is  was one o f  the  s i g n i f i c a n t  
parameters addressed by t h e  a r c h i t e c t u r a l  and 
engineer ing consu l tan ts  on the  p r o j e c t .  The 
shading c o e f f i c i e n t  used f o r  each type  o f  g l a z i n g  
i s  a lso  shown i n  the  tab le .  Although an e x t e r n a l  
venet ian- type shading device was never considered 
on t h e  p ro jec t ,  i t s  t h e o r e t i c a l  va lue i n  reduc ing  
energy consumption i s  shown. Maximum energy 
savings o f  approx imate ly  3 percent  occur by us ing  a 
1/4 i n c h  bronze r e f l e c t i v e  g lass  when compared t o  
o r d i n a r y  1/4 inch  c l e a r  p l a t e  g lass.  The low 
savings i s  due t o  t h e  deep overhangs on the  b u i l d -  
i n g  r e s u l t i n g  i n  window shading f o r  much o f  t h e  
day. Energy savings are about 7.9 percent  by us ing  
an ex te rna l  shading device. 

TABLE 11 

FENESTRATION ANNUAL ENERGY USAGE 

GLASS TYPE ~ ~ H l ~ e a r - f t ~  

114 i n c h  c l e a r  p l a t e  
SC = 1.0 

114 i n c h  bronze t i n t  
SC = 0.7 

I 

114 i n c h  bronze r e f l e c t i v e  33.5 
SC = 0.43 

External  Shading Device 32.8 
SC = 0.25 

A s i g n i f i c a n t  parameter, one which g r e a t l y  
a f f e c t s  annual energy usage, i s  the  f r e s h  a i r  
v e n t i l a t i o n  r e q u i r e d  by the  b u i l d i n g .  This  paper 
w i l l  n o t  go i n t o  t h e  a l t r u i s t i c  v i r t u e s  o f  reduced 
v e n t i l a t i o n  requirements nor  d iscuss t h e  o p t i o n a l  
energy conserv ing a l t e r n a t i v e s  a v a i l a b l e  t o  t h e  
b u i l d i n g  designer. Needless t o  say, t h e  5 
cfm/person l i m i t a t i o n  imposed by the  designer i s  a  
minimum value a t  bes t  and should probably  be 
supplemented w i t h  h i g h  e f f i c i e n c y  f i l t r a t i o n  o r  the  
use o f  charcoal  f i l t e r s .  Table 12 shows the  r a p i d  
increase i n  annual energy consumption as the  
v e n t i l a t i o n  requirement i s  increased. The c a l c u l a -  
t i o n s  d i d  n o t  i n c l u d e  t h e  35 cfm/person va lue s ince  
t h i s  exceeded the  b u i l d i n g ' s  annual energy budget 
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o f  42 M B ~ l ~ e a r - f t ~ .  Note t h a t  ASHRAE1s 1981 Hand- 
book o f  Fundamentals (1)  recommends a v e n t i l a t i o n  
range o f  15 t o  25 cfmlperson w i t h  15 cfmlperson fo r  
o f f i c e  b u i l d i n g s  as an absolute minimum. 

TABLE 12 

FRESH AIR VENTILATION (ZONE 1) 

VENTILATION ANNUAL ENERGY USAGE % INCREASE 

cfmlperson MBHIYear-ft 
2 

As p r e v i o u s l y  discussed, v e n t i n g  r e t u r n  a i r  
through the c e i l i n g  l i g h t  f i x t u r e s  w i l l  d e f i n i t e l y  
reduce the  coo l ing  load  t o  the  cond i t i oned  space. 
This w i l l  u s u a l l y  r e s u l t  i n  lower  fan  opera t ing  
costs  due t o  reduced supply a i r  f l o w  requirements 
imposed on the system. The coo l ing  load  presented 
by the  l i g h t s  i s  s t i l l  accountable t o  the mechanical 
r e f r i g e r a t i o n  p l a n t  system. What happens i s  t h a t  
t h i s  heat load  i s  added t o  t h e  r e t u r n  a i r ,  thus 
changing the  e n t e r i n g  c o i l  a i r  condi t ions.  Should 
the  l i g h t  f i x t u r e s  be vented, o n l y  some o f  t h i s  heat  
may escape the  r e f r i g e r a t i o n  system due t o  n a t u r a l  
o r  forced v e n t i l a t i o n  o f  a t t i c  spaces. Th is  conclu- 
s ion  i s  subs tan t ia ted  by the r e s u l t s  shown . i n  Table 
13. The r e s u l t s ,  which show t h a t  the  s i t u a t i o n  f o r  
f i x t u r e s  t h a t  are n e i t h e r  vented nor  ducted i s  
somewhat less ,  remain a b i t  obscure. The t o t a l  
v a r i a t i o n  i s  l e s s  than 2.6 percent.  While ven t ing  
and duc t ing  l i g h t  f i x t u r e s  may reduce i n s t a l l e d  
system capac i t y  and may reduce annual energy con- 
sumption s i g n i f i c a n t l y  i n  c e r t a i n  c l i m a t i c  regions, 
the s i g n i f i c a n t  reduct ions expected by t h i s  consid- 
e r a t i o n  were n o t  achieved f o r  t h i s  t y p i c a l l y  semi- 
t r o p i c a l  o f f i c e  b u i l d i n g  design. 

TABLE 13 

RETURN AIR THROUGH FIXTURES (ZONE 1) 

INSTALLATION TYPE ANNUAL ENERGY USAGE 

MBHIYear-ft 2 

Vented and Ducted 34.4 
Vented Only 34.0 
Ne i the r  33.5 

The f i n a l  parameter i n v e s t i g a t e d  i n  t h i s  s tudy 
was t h e  v a r i a t i o n  on annual energy usage as more 
e f f i c i e n t  hea t ing  and c o o l i n g  mechanical p l a n t s  were 
used i n  the  b u i l d i n g  design. Table 15 shows t h e  
b u i l d i n g  ca lcu la ted  energy consumption f o r  the  
design heat pump (COP = 2.6-2.79 and EER = 
7.5-7.99). The next  v a r i a t i o n  shows a 2 112 percent  
Increase i f  e l e c t r i c  s t r i p  heat i s  used ins tead  o f  

TABLE 14 

LIGHTING (ZONE 1) 

LIGHTING LOAD ANNUAL ENERGY USAGE % INCREASE 

(INCLUDINGBALLAST) MBH/Year-ft 
2 

an Ai r -To-Ai r  Heat Pump. The reason f o r  t h i s  i s  
t h a t  hea t ing  i s  used so seldom i n  c o n t r o l l i n g  the 
thermal environment o f  the  o f f i c e  b u i l d i n g .  The 
r e c u r r i n g  f a c t  i s  t h a t  the  l i g h t i n g  and the  occu- 
pancy load  i s  used and i s  s u f f i c i e n t  t o  p rov ide  
hea t ing  f o r  t h e  b u i l d i n g  i n  the  temperate w i n t e r  
months. Th is  i s  subs tan t ia ted  by cons ider ing  t h a t  
f o r  many years commercial o f f i c e  and l i g h t  manufac- 
t u r i n g  p l a n t s  i n  Centra l  F l o r i d a  d i d  n o t  even 
con ta in  a hea t ing  p l a n t .  Th is  p r a c t i c e  was even 
more p reva len t  i n  the south F l o r i d a  d i s t r i c t .  The 
t a b l e  a lso  shows the reduced energy consumption as 
equipment Energy E f f i c i e n c y  Rat ios (EER1s) are 
increased. This  should n o t  be considered as a 
panacea s ince any p a r t i c u l a r  package a i r  cond i t i on -  
e r  can be made t o  show an increased EER i f  the  
sa tu ra ted  s u c t i o n  temperature i s  increased. Th is  
may n o t  be d e s i r a b l e  since, e s p e c i a l l y  i n  h i g h  
humid i t y  Zone 1 and 2 reg ions,  occupants would then 
a r b i t r a r i l y  lower  t h e  thermostat  se t t i ngs ,  thus 
opera t ing  the  b u i l d i n g  a t  a much lower  d r y  b u l b  
temperature i n  an at tempt  t o  dehumidify. The 
increased equipment opera t ing  t imes under such 
cond i t i ons  would cancel ou t  any savings suggested 
by the  h igher  EER machine. 

TABLE 15 

REFERENCE SYSTEM ANNUAL ENERGY YSAGE 
MBHIYear-ft 

COP 2.6-2.79 EER 7.5-7.99 34.4 

COP 1.0 E l e c t r i c  S t r i p  Heat 
EER 6.8-6.99 36.0 (4.8% 

EER 8.55-8.99 32.7 -4.8%) 
EER 9.5-9.99 31.4 I-8.7%) 
EER 10.5-10.99 30.1 (-12.3% 
EER 12 and above 28.8 (-16.3%) 

CONCLUSIONS 

Th is  s tudy adopted a model energy code c a l c u l a -  
t i o n  procedure f o r  determin ing t h e  annual usage o f  
a comnercial b u i l d i n g  and demonstrated t h a t  t h e  
procedure can be used f o r  r a p i d  est imates o f  
b u i l d i n g  energy usage as va r ious  design parameters 
a re  changed. The study showed as expected t h a t  
s i g n i f i c a n t  changes i n  energy consumption occurred 
as the  v e n t i l a t i o n  and l i g h t i n g  l e v e l s  were 
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altered. Energy savings from extremely well- SUPERSCRIPTS 
insulated walls and ceilings were not as large as 
expected due to the fact that in semi-tropical r = roof value 
climates the occupancy heat gain and the lighting 
heat gain usually provide more than sufficient w = wall value 
heating for the building environmental thermal 
control. In effect, higher transmission heat losses 
will provide some free cooling during the cooler 
winter months in semi-tropical climates. 
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SYMBOLS 

A = Area, ft 
2 CM = Overall Glass "U" Value, Btulhr-ft - F  

FA = Total Plan Floor Area, ft 2 

GA = Glass Area, ft 2 

2 GM = Glass Conduction Multiplier, Btulhr-ft -F 

MBH = 1000 Btu 

Q = Building Design Ventilation Rate, cfm 

RA = Roof Area, ft 2 

RM = Roof Multiplier, Dimensionless 

SCM = Glass Shading Coefficient, Dimensionless 

SM = Solar Multiplier 

U = Overall Hfat Transfer Coefficient, 
Btu/hr-ft -F 

VM = Ventilation Multiplier, ftlsec 

WA = Wall Area, ftL 

WM = Wall Multiplier Factor, Dimensionless 

X = Building Total Glass Area, ft 2 

SUBSCRIPTS 

d = door 

g = glass 

i = building wall orientation 

t = code standard value as dictated by specific 
wall or roof grouping 

w = wall 
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