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THERMAL STORAGE FOR ENERGY EFFICIENT STRUCTURES 
(POTEET H I G H  SCHOOL CASE HISTORY) 
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Poteet High School, i n  Mesquite, Texas, is a 
f a c i l i t y  t h a t  demonstrates s tate-of- the-ar t  
environmental con t ro l  through t h e  app l ica t ion  of  
energy conserving technologies r e l a t i v e  t o  
a r c h i t e c t u r e ,  HVAC and l igh t ing .  It is a l s o  
recognized a s  an l ' In te l l lgen t  Buildingn by v i r t u e  
of the  f a c t  t h a t  i t  automatical ly  a d j u s t s  t o ,  and 
supports  the  needs o f ,  i ts occupants without help 
from f a c i l i t y  operat ing personnel. This  paper 
provides information r e l a t i v e  t o  t h e  system 
components groupings of envelope, e l e c t r i c a l  
s y s t e m  and equipment and mechanical systems and 
equipment. Each of the  systems operat ing cyc les  
a r e  described and t h e  major b e n e f i t s  o f  t h i s  
design conoept a r e  summarized. 

INTRODUCTION 

Poteet High School is t h e  f i r s t  of  a s e r i e s  
of high, middle and elementary schools  designed 
and conetruated i n  compliance with an energy 
e f f ic iency  design c r i t e r i a  developed i n  1983. 
This  c r i t e r i a  encouraged t h e  u t i l i z a t i o n  of new 
technologies wherever t h e i r  inclusion would 
provide a t  l e a s t  a s i x  year simple payback on 
invested c a p i t a l .  Since t h e  i n i t i a t i o n  of  t h i s  
p ro jec t  th ree  elementary, one middle and severa l  
school add i t ions  have been constructed using t h i s  
c r i t e r i a .  The basic  systems i n  each case have 
been t h e  same except t h a t  t h r e e  d i f f e r e n t  types 
of  cooling thermal s to rage  have been used. 

DISCUSSION OF SYSTEM COMPONENTS 

Poteet High is a t o t a l l y  in tegra ted  energy 
oonserving concept u t i l i z i n g  a weather impervious 
envelope, minimal i n t e r n a l  loads,  and highly 
e f f i o i e n t  mechanical systems coupled with heat ing 
and cooling thermal s to rage  t o  generate ,  s t o r e  
and d i s t r i b u t e  thermal energy i n  the  most 
e f f i c i e n t  and c o s t  e f f e c t i v e  manner. 

By u t i l i z i n g  occupancy sensing equipment, 
a l l  elements o f  t h e  energy consuming 
environmental comfort systema of the  f a c i l i t y  
respond i n s t a n t l y  t o  t h e  u t i l i z a t i o n  d e s i r e s  of  
i ts  occupants, never necess i ta t ing  preplanning 
f o r  equipment operat ion o r  seasonal  operat ing 
mode se lea t ion .  An example of t h e  bui lding 's  
automatia a b i l i t y  t o  adapt t o  any s i t u a t i o n  can 

be shown a s  follows: 

A school p r i n c i p a l  may decide t o  meet with two 
teachers  i n  t h e  admin is t ra t ive  area conference 
room a t  8:00 P.M. on a Thursday night.  Once t h e  
bui lding s e c u r i t y  system was c lea red  the  l i g h t s  
f o r  the  bui lding access  t o  t h e  conference room 
loca t ion  would automatical ly  be turned on and, 
a f t e r  a s h o r t  dwell t ime,turned o f f  f o r  each 
attendee. Mechanical systems would automatioally 
be i n i t i a t e d  providing heat ing o r  cool ing only t o  
t h e  a reas  u t i l i z e d .  Vent i l a t ion  a i r  would a l s o  
be provided t o  these  a reas .  The a r e a s  occupied 
would be within extended comfort l i m i t s  upon 
i n i t i a l  en t ry  due t o  t h e  f a c i l i t y ' s  high thermal 
res i s tance .  This  a c t i v i t y  would not  c r e a t e  
disproport ionate  energy c o s t s  o r  requ i re  any 
ac t ion  from f a o i l i t y  management personnel. 

The primary elements o f  t h e  cool ing system a r e  
shown i n  Figure 1. A d e t a i l e d  l i s t i n g  of  a l l  the  
s p e c i f i c  f e a t u r e s  follows i n  t h e  o u t l i n e  below: 

I. ENVELOPE 

Less than 51 thermal glazing,  average U 
value f o r  wal l s  and roof is 0.05 B T U / ~ ~ ~ -  
OF. Vest ibules ,  with rad ian t  heat ing,  a r e  
located a t  a l l  entrances. 

11. ELECTRICAL SYSTEMS & EQUIPMENT 

C h i l l e r ,  cool ing tower fans ,  c h i l l e d  
water d i s t r i b u t i o n  pump, hot  water 
d i s t r i b u t i o n  pump and v e n t i l a t i o n  a i r  
u n i t  a r e  equipped with Variable 
Frequency Drives. A l l  e l e c t r i c a l  
motors over one ( 1 )  HP a r e  the  energy 
e f f i c i e n t  type. 

High pressure sodium f i x t u r e s  a r e  used 
on a l l  e x t e r i o r  l i g h t i n g .  I n t e r i o r  
l i g h t i n g  is predominantly f luorescen t  
u t i l i z i n g  34 watt lamps and energy 
e f f i c i e n t  b a l l a s t s .  Occupancy sensors  
o r  time ou t  switohes a r e  located i n  
every space and c o n t r o l  the  l i g h t i n g  
and a i r  condit ioning equipment where 
appl icable .  
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C. E l e c t r i c a l  d i s t r i b u t i o n  is d iv ided  
according t o  f u n c t i o n  and submetered 
f o r  HVAC l o a d s ,  l i g h t i n g  l o a d s  and 
p rocess  l o a d s  such a s  convenience 
o u t l e t s ,  k i t chen  equipment, shop 
equipment, l a b  equipment, e t c .  

111. MECHANICAL SYSTEMS & EQUIPMENT 

A. CHILLED WATER STORAGE TANK 

Two hundred and f i f t y  thousand g a l l o n  
c o n c r e t e  v e r t i c a l  s t r a t i f i c a t i o n  type  
wi thout  s epa ra t ion .  Upper and lower 
low v e l o c i t y  header.  Temperature 
measurement a t  s i x  equa l ly  spaced 
e l e v a t i o n s .  Charged by c h i l l e r  o r  
hydronic  ven t  cyc le .  20 t o  30% s u r p l u s  
s t o r a g e  c a p a c i t y  above and beyond one 
days  maximum c o o l i n g  requirement.  

B. HOT WATER STORAGE TANK 

Concrete l i n e d  steel. 12,000 g a l l o n  - wi th  f o u r  headers  ar ranged f o r  d u a l  
temperature  s t o r a g e  ( 190°F & 120'~).  
Top h a l f  recharged by b o i l e r s  and 
bottom h a l f  recharged from k i t chen  
product r e f r i g e r a t i o n  waste hea t .  

C. CHILLER 

Var i ab le  frequency d r i v e ,  196 ton r a t e d  
a t  38'~.  S i zed  f o r  f u l l  s i t e  
development peak day load whi le  
o p e r a t i n g  16 f u l l  l oad  hours  p e r  day. 
S e l e c t i o n  o f  VFD based on inc reased  
e f f i c i e n c y  a t  reduced condensing 
t empera tu res  and no t  p a r t  l oad  
ope ra t ion .  

D. BOILERS 

P u l s e  f i r e d  h igh  e f f i c i e n c y  u n i t s  s i z e d  
f o r  cont inuous  ope ra t ion  a t  peak 
requirement.  

E. CLOSED CIRCUIT COOLING TOWER 

Operates  i n  t h r e e  ( 3 )  modes. Re jec t s  
hea t  from c h i l l e r ,  g e n e r a t e s  coo l ing  
e f f e c t  f o r  f a c i l i t y  d i r e c t l y  wi th  
s t o r a g e  supplement o r ,  i n d i r e c t l y  
through charging o f  c h i l l e d  water  
s t o r a g e  tanks .  Var i ab le  frequenoy 
d r i v e  a x i a l  f ans .  

P. DISTRIBUTION PUNPING 

Var i ab le  f requency d r i v e  h e a t i n g  and 
c o o l i n g  pumps c o n t r o l l e d  t o  ma in ta in  
proper  d i f f e r e n t i a l  a c r o s s  system load  
elements.  Hot water  pump operated 
below 70°F dur ing  occupancy pe r iods  o r  
f o r  f a c i l i t y  warm up cyc le .  Ch i l l ed  
water  pump o p e r a t e s  whenever f a c i l i t y  
is occupied o r ,  du r ing  c o o l  down 
cyc le .  Reverse r e t u r n  p ip ing  

systems. System d i f f e r e n t i a l  s e t  
p o i n t s  v a r i e d  according t o  supp ly  water  
temperatures  and o u t s i d e  a i r  
cond i t ions .  

G. VENTILATION 

Var i ab le  frequenoy d r i v e  u n i t  p rov id ing  
a i r  t o  on ly  t h e  occupied c lassrooms and 
o f f i c e s .  Runs on ly  d u r i n g  occupied 
period. Unit  a l s o  provides  
supplemental ooo l ing  t o  i n t e r i o r  zones 
anytime i t  o p e r a t e s  and t h e  o u t s i d e  a i r  
is below 55'~. Supply temperature  
drops  t o  40°F be fo re  h e a t i n g  c o i l  is 
c o n t r o l l e d  t o  mainta in  t h a t  minimum 
temperature.  For gym and aud i to r ium 
a i r  u n i t s  v e n t i l a t i o n  dampers a r e  
c o n t r o l l e d  to provide  supplemental  
c o o l i n g  o r  maximum Cog l e v e l s .  A l l  
v e n t i l a t i o n  is set f o r  5 CFM p e r  
occupant minimum. 

H. A I R  UNITS & FAN & COIL UNITS 

Uni t s  a r e  a u t o m a t i c a l l y  s t a r t e d  
whenever t h e r e  is occupanoy i n  a r e a  
they  serve .  Thermostat  modulated 
h e a t i n g  and c o o l i n g  va lves  i n  sequence 
f o r  temperature  c o n t r o l .  V e n t i l a t i o n  
a i r  dampers and c o n t r o l  va lves  c l o s e  
when u n i t s  a r e  de-energized. 

I. DDC CONTROL SYSTEM 

Cont ro l s  equipment,  p rov ides  system 
o p e r a t i o n  in fo rma t ion ,  g e n e r a t e s  
h i s t o r i c a l  d a t a  f i l e s  f o r  meter 
r ead ings  and s e l e c t e d  sys tem po in t s .  
Water meter i n p u t s  t o  t h i s  sys tem a r e  
a l s o  provided f o r  domestic h o t  water  
( 120°F), k i t c h e n  h o t  wa te r  ( 180°F), 
c o o l i n g  tower makeup, h o t  wa te r  s t o r a g e  
tank makeup, c h i l l e d  wa te r  s t o r a g e  t ank  
makeup and yard i r r i g a t i o n .  Th i s  was 
done t o  provide  planning in fo rma t ion  
f o r  f u t u r e  schoo l s .  

OPERATING CYCLES 

CHILLED WATER STORAGE RECHARGE 

The primary func t ion  o f  t h e  c h i l l e d  water 
s t o r a g e  c a p a b i l i t y  is t o  provide  c o o l i n g  
c a p a b i l i t y  t o  any  p a r t  o f  t h e  f a c i l i t i e s  
independent o f  t h e  o p e r a t i o n  o f  t h e  c e n t r a l  
c h i l l e d  water  g e n e r a t i n g  p l a n t .  Each day t h e  
c e n t r a l  c o n t r o l  system c a l c u l a t e s  t h e  nex t  days  
c o o l i n g  requirements ,  t h e  s t o r e d  c o o l i n g  
c a p a b i l i t y ,  and then ,  o p e r a t e s  t h e  c e n t r a l  p l a n t  
as r e q u i r e d  to provide  f o r  t h e  d i f f e r e n o e .  
During o p e r a t i o n ,  t h e  p l a n t  is run a t  f u l l  
c a p a c i t y ,  and t h e  t ime per iod is cen te red  on 2 
A.M. i n  an  a t t empt  t o  o p e r a t e  d u r i n g  t h e  lowest  
ambient cond i t ions .  

INDIVIDUAL SPACE CONTROL 
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Each occupied space is equipped with a i r  
u n i t s  o r  fan  and c o i l  u n i t s  with hot and c h i l l e d  
water c o i l s .  Whenever occupancy is sensed the  
l i g h t s  and HVAC equipment a r e  energized and 
automatical ly  oontrol led by sequencing c o i l  
valves t o  maintain t h e  temperature s e t t i n g .  The 
thermal res i s tance  of the s t r u c t u r e  prevents the  
unoccupied spaces from overheating o r  cvercooling 
s i g n i f i o a n t l y  during normal unused periods. 
Venti la t ion a i r  is del ivered t o  each ind iv idua l  
a i r  system a t  t h e  spec i f ied  f u l l  occupancy r a t e .  

HYDRONIC VENTILATION CYCLE 

The closed o i r c u i t  oooling tower provides 
f a o i l i t y  oooling capabi l i ty  by one o r  more of  t h e  
following methods: 

Direct.  When outdoor a i r  
temperatures a r e  low enough t o  
provide a l l  of  t h e  f a c i l i t i e s  
oooling requirements while it is 
occupied, the  water c i rcu la ted  
through the  closed c i r c u i t  cool ing 
tower is a l s o  c i rcu la ted  a s  
required through t h e  cool ing 0011s. 

Direct  With Storage Assist. 
Anvtime the  water temoerature 
leaving t h e  closed c i r c u i t  oooling 
tower can be maintained a t  a 
temperature l e s s  than t h e  c h i l l e d  
water re tu rn  temperature from t h e  
building i t  is used t o  precool it 
and then blend with s to red  water  t o  
produce t h e  des i red  c h i l l e d  water 
supply temperature. 

Direct  Storage Recharge. Whenever 
t h e  f a c i l i t y  is unoccuoied and t h e  
alosed circ; i t  ooo l ing  tower can 
produce water a s  cold a s  t h a t  i n  
the  bottom of the  s to rage  tank t h e  
tower is operated u n t i l  the  s to rage  
recharge is complete. 

COOL DOWN OR WARM UP CYCLES 

These cyc les  a r e  i n i t i a t e d  a s  required i n  
accordance with t h e  preprogramed oocupancy of  
t h e  f a o i l i t y .  The purpose is t o  insure a 
oomfortable f a c i l i t y  f o r  occupants a f t e r  extended 
periods of non-usage. During t h i s  cycle  each a i r  
u n i t  o r  fan c o i l  un i t  is s t a r t e d  a s  a r e  t h e  hot 
and c h i l l e d  water d i s t r i b u t i o n  pumps a s  
required. When t h e  f a o i l i t y  reaches des i red  
temperatures, a l l  equipment is de-energized. 
Occupancy then i n i t i a t e s  operat ion a s  required. 
Venti la t ion a i r  is  not ava i lab le  during t h i s  
cycle. 

SECURED OPERATION 

RESULTS AND CONCLUSIONS 

The oost  of the above system was no g r e a t e r  
than t h a t  of  a two pipe hea t ing  o r  coo l ing  
c e n t r a l  system f o r  a s i m i l a r  f a c i l i t y .  The 
i n s t a l l e d  cos t  per ton was much g r e a t e r ,  but t h e  
i n s t a l l e d  cool ing plant  capac i ty  requirement was 
l e s s  than 502 o f  the  normal requirement. 

The school d i s t r i c t  is not sub jec t  t o  
e l e c t r i c a l  demand charges a t  t h i s  time, s o ,  
u t i l i t y  c o s t  savings a r e  due i n  t o t a l  t o  reduced 
u t i l i t y  consumption. Energy c o s t  f o r  t h i s  
f a c i l i t y  betw en June 1 ,  1986 and May 31, 1987 h was 0.45$/ft. . What is more important is t h a t  
each classroom o r  o f f i c e  could be maintained on a 
year round b a s i s  a t  t h e  occupant 's des i red  
temperature condit ions.  

Whenever the  f a o i l i t y  is  secured, "cool 
downm cyc les  a r e  automatical ly  i n i t i a t e d  when 
spaoe temperatures r i s e  above 8 5 O ~ ,  o r  "warm upn 
cyc les  a r e  automatical ly  i n i t i a t e d  a s  required t o  
maintain a minimum of 55'~. 
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