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ABSTRACT 

Mesquite is a suburb located on 
the east side of Dallas with a 
population of approximately 
120,000. The school district 
covers over 60 square miles with a 
student population of 25,000. The 
34 schools consist of 25 
elementary, 5 middle and 4 high 
schools, with one elementary under 
design. The school district 
facilities cover approximately 2.7 
million square feet with an annual 
energy budget of $1.8 million 
(natural gas and electric). 

Utility Rates: 
Electric - Texas Utilities Company 
MS Rate $15/mo per meter + KWH 
charge. On peak monthly average 
(June 89 thru September 89) 
$.0676/KWH. Off peak monthly 
average (October 89 thru May 90) 
$.0481/KWH. 

Natural Gas - Lone Star Gas 
Company - September 88 thru August 
89 monthly average $4.41 MCF. 

The outdoor design conditions of 
the Dallas, Texas area as taken 
from the ASH= Handbook 1985 
Fundamentals Volume are: Summer - 
100° D.B. and 78O W.B. and Winter 
- 18' D.B. 

ENERGY MANAGEMENT PROGRAM 

During the early 1980's Mesquite 
Independent School District (MISD) 
adopted an energy-efficient design 
concept for new schools built in 
the district. The features of the 
energy-conscious design concept 
include : 

1. The use of Direct Digital 
Control. 
2. Less than 5% area is glass. 
3. T e average U value is .05 

BTU/ftq - hr - OF. 

4. Thermal storage heating and 
cooling. 
5. Variable speed drives on 

pumping and ventilation air 
handling units. 
6. Closed circuit cooling 

towers. 
7. Four pipe heating and cooling 
systems. 
8. Hydropulse boilers for 

domestic hot water and space 
heating. 
9. Heat recovery on walk-in 
freezers and refrigerators. 
10. Occupancy sensors for 
lighting and HVAC control. 
11. Electrical distribution 
system broken down into HVAC, 
lighting, and miscellaneous loads 
with each load submetered. 
12. All the meters and submeters 
can be remotely read through the 
energy management system. 
13. All exterior lighting is high 
pressure sodium. 
14. All interior lighting is 34w 
fluorescent with energy efficient 
or electronic ballasts. 
15. District Energy Management 
System. 

SCHOOL FEET 

Kimball E.S. 32,200 
Kimball (Add) 9,991 
Poteet (I & 11) 114,642 
Poteet (111) 78,600 
A.C. New M.S. 93,780 
Pirrung E.S. 36,065 
Cannaday E.S. 45,438 
Black E.S. (Add) 11,553 
Austin E.S. 45,438 
N.Mesquite HS 247,631 
Pirrung (Add) l9,3OO 
Moss E. S. (under design) 

DATE 
OCCUPIED 

10/85 
9/88 
6/86 
9/88 
8/87 
9/87 
9/88 
9/88 
9/89 
9/89 
9/90 
9/92 
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Each of these schools utilize the 
following types of thermal 
storage: 

Static Ice Builder: 
Kimball E.S. 
Pirrung E.S. 

Chilled Water: 
Poteet H.S. 
North Mesquite H.S. 

Dynamic Ice Harvester: 
AC New M.S. 
Cannaday E.S. 
Black E.S. 
Austin E.S. 
Moss E.S. 

Cash Incentive Payments 

The following cash incentive 
payments have been received, or 
will be received, from Texas 
Utilities Electric Company for 
Thermal Storage Projects since 
1985: 

KW 
SCHOOL REDUCTION 

Kimball E.S. 7 1 
Poteet H.S. 210 
Phases I & I1 
AC New M.S. 18 4 
Pirrung E.S. 7 6 
Poteet H.S. 14 0 
Phase I11 
Kimball E.S. 2 0 
Phase I1 
Black E.S. 3 7 
Cannaday E.S. 9 0 
Austin E.S. 94 
N. Mesquite H.S. 480 

Total 1,402 

AMOUNT 

DR. RALPH H. POTEET HIGH SCHOOL 

A project description of Poteet 
High School is that of a totally 
integrated energy conserving 
concept utilizing a weather 
impervious envelope, minimal 
internal loads, and highly 
efficient mechanical systems 
coupled with heating and cooling 
thermal storage to generate, 
store, and distribute thermal 
energy in the most efficient and 
cost effective manner. 

By utilizing occupancy sensing 
equipment all elements of the 
energy consuming environmental 
comfort systems of the facility 
respond instantly to the 
utilization desires of its 
occupants never necessitating 
preplanning for equipment 
operation or seasonal operating 
mode selection. More importantly, 
all energy consuming equipment is 
automatically de-energized within 
a few minutes in the areas that 
occupants leave. The systems are 
so effective that a single 
individual can go to his or her 
office after hours without prior 
arrangements with total facility 
energy consumption only increasing 
proportionately. 

A detailed listing of all the 
specific features are as follows: 

I. Envelope 

Less than 5% thermal glazing, 
average U value for walls and roof 
is 0.05 with vestibules on all 
entrances with radiant heating. 

11. Electrical Systems & 
Equipment 

A. Variable frequency 
drives on chiller, cooling tower 
fans, chilled water distribution 
pump and ventilation air unit. 

B. High pressure sodium 
fixtures used on all exterior 
lighting. 

C. Electrical distribution 
is divided according to function 
and submetered for HVAC loads, 
lighting loads, and process loads. 

111. Mechanical Systems & 
Equipment 

A. Chilled Water Storage 
Tank - 280,000 gallon concrete 
vertical stratification without 
separation. Temperature 
measurement at six equally spaced 
elevations. Charged by chiller or 
hydronic vent cycle. 
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B.  Hot Water S torage  Tank - 
Concrete  l i n e d  s t e e l  17,000 g a l l o n  
wi th  fou r  headers  a r ranged  f o r  
dua l  tempera ture  s t o r a g e .  

C .  C h i l l e r  - Var i ab l e  
frequency d r ive ,  196 t o n  r a t e d  a t  
38' F.  Sized f o r  f u l l  s i t e  
development peak day load .  

D.  B o i l e r s  - Pu l se  f i r e d  
high e f f i c i e n c y  u n i t s  s i z e d  f o r  
continuous ope ra t ion  a t  peak 
requirement .  440,000 BTU/HR 
ou tpu t .  

E .  Closed C i r c u i t  Cooling 
Tower - Operates  i n  t h r e e  modes. 
R e j e c t s  h e a t  from c h i l l e r ,  
gene ra 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  o r  i n d i r e c t l y  
through charg ing  o f  c h i l l e d  water  
s t o r a g e  t a n k s .  

F .  D i s t r i b u t i o n  Pumping - 
Var i ab l e  frequency d r i v e  h e a t i n g  
and coo l ing  pumps c o n t r o l l e d  t o  
main ta in  proper  d i f f e r e n t i a l  
a c r o s s  system load  e lements .  Hot 
water  pump o p e r a t e s  below 70' F 
du r ing  occupancy p e r i o d s  o r  f o r  
f a c i l i t y  warm up c y c l e .  C h i l l e d  
water  pump o p e r a t e s  du r ing  
occupancy o r  cool  down c y c l e .  
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  accord ing  t o  supply water  
tempera tures  and o u t s i d e  a i r  
cond i t i ons .  

G .  V e n t i l a t i o n  - Var i ab l e  
frequency d r i v e  u n i t  p rov id ing  a i r  
t o  only  t h e  occupied rooms. 
Provides  supplemental  c o o l i n g  
anytime o u t s i d e  a i r  is  below 55' 
F. Supply tempera ture  drops  t o  
40° F be fo re  h e a t i n g  c o i l  i s  
c o n t r o l l e d  t o  main ta in  t h a t  
minimum tempera ture .  Gym and 
audi tor ium dampers a r e  c o n t r o l l e d  
f o r  supplemental  coo l ing .  A l l  
v e n t i l a t i o n  is  s e t  f o r  5  CFM p e r  
occupant minimum. 

H .  A i r  Units /Fan & Coi l  
Un i t s  - Uni t s  s t a r t  a u t o m a t i c a l l y  
when a r e a  served  is  occupied.  

I .  DDC Cont ro l  System - 
Cont ro l s  equipment, p rov ides  
system ope ra t ion  informat 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  
system p o i n t s .  

The g r e a t e s t  i nnova t ion  of  t h i s  
p r o j e c t  i s  i t s  a b i l i t y  t o  u t i l i z e  
e x i s t i n g  technology t o  enab le  t h e  
school  d i s t r i c t  t o  e f f i c i e n t l y  
cope wi th  t h e  c u r r e n t  r i s i n g  
energy c o s t s .  The p r o j e c t  i s  a  
193,242 square  f o o t  h igh  school  
con ta in ing  classrooms,  a  gymnasium 
and a  f i e l d h o u s e .  The e l e c t r i c a l  
systems f e a t u r e  h igh  e f f i c i e n c y  
motors  and v a r i a b l e  frequency 
d r i v e s  on t h e  c h i l l e r ,  c o o l i n g  
tower f ans ,  d i s t r i b u t i o n  pumps, 
and t h e  v e n t i l a t i o n  a i r  u n i t s .  
The ma jo r i t y  of  t h e  i n t e r i o r  
l i g h t i n g  u s e s  34  wa t t  lamps and 
h igh  e f f i c i e n c y  b a l l a s t s .  
Occupancy s e n s o r s  c o n t r o l  t h e  
l i g h t i n g  and a i r  c o n d i t i o n i n g  
u n i t s  f o r  most a r e a s .  

Both t h e  c o o l i n g  load  and h o t  
water  requi rements  a r e  s a t i s f i e d  
from s t o r a g e  sys tems.  The c h i l l e d  
water  s t o r a g e  t a n k  u s e s  
s t r a t i f i c a t i o n  and low v e l o c i t y  
heade r s  t o  s t o r e  and u t i l i z e  
280,000 g a l l o n s ,  which r e p r e s e n t s  
130 pe rcen t  of  t h e  maximum d a i l y  
coo l ing  l o a d .  The h o t  water  
s t o r a g e  t a n k  has  d u a l  s t o r a g e  a t  
190° F and 120' F, t h e  upper - leve l  
i s  f i l l e d  from t h e  b o i l e r s ,  whi le  
t h e  bot tom-level  i s  f i l l e d  by 
waste h e a t  recovery  from k i t chen  
r e f r i g e r a t i o n  u n i t s .  The c h i l l e r  
is  s i z e d  t o  r echa rge  t h e  s t o r a g e  
t a n k  d u r i n g  a  16  hour f u l l - l o a d  
pe r iod  from 8  p.m. t o  12 noon. To 
i n c r e a s e  e f f i c i e n c y ,  a  VFD f o r  t h e  
c h i l l e r  compressor t a k e s  advantage 
of  lower n ight - t ime condensing 
t empera tu re s  r a t h e r  t han  pa r t - l oad  
c o n d i t i o n s .  A c l o s e d  c i r c u i t  
c o o l i n g  tower i s  used  t o  reject 
condenser  h e a t  o r  t o  provide  
hydronic  f r e e  c o o l i n g  d i r e c t l y  t o  
t h e  s t o r a g e  t a n k .  

A School B u i l t  i n  Phases 

The school  complex c o n s i s t s  o f  
Phases I and I1 which have been 
occupied s i n c e  June 1986, and 
Phase I11 which has  been occupied 
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since September 1988. The future 
plans for the site are two more 
additions (Phases IV and V) when 
required by the area student 
census. 

Phase I - 114,642 sq. ft. - two 
story academic wing, major 
mechanical equipment room, and hot 
and chilled water above ground 
thermal storage tanks. 

Phase I1 - Gymnasium and Athletic 
Complex. 

Phase I11 - 73,600 sq. ft. - 
Kitchen, Cafeteria, Library and 
Vocational Wing. 

Future Phases - Approx. 112,000 
sq. ft.: 

Phase IV - Auditorium, Band and 
Choral Facility and New 
Administration Area. 

Phase V - Two Story Academic Winq 

When all five phases are complete 
the complex will be approximately 
300,000 square feet. The major 
mechanical equipment and the 
thermal storage tanks were 
designed for the complete facility 
(300,000 sq. ft . )  and installed 
under the Phase I project. 

(Data for comparison from electric 
& natural gas bills 9/88 - 8/89) 

BTU* $ SQ. SAVINGS 
SCHOOL SQ.FT/YR FT/YR COST BTU 

Poteet 40,029 .46 -- -- 
NMHS 56,491 -55 16%29% 
WMHS 57,948 .68 32% 31% 
MHS 78,146 .77 40% 49% ....................... 
Three H. S. 
Average 64,212 .67 31% 38% 

MESQUITE INDEPENDENT SCHOOL 
DISTRICT HIGH SCHOOL HVAC SYSTEMS 

POTEET - Occupied 9/88 - 193,242 
sq: ft. Four pipe hot water and 
chllled water thermal storage 
system. 

NORTH MESQUITE - Occupied 9/69 - 
262,915 sq. ft. Area cooling and 
ventilating air han.dling units 
with room electric reheat. 

WEST MESQUITE - Occupied 8/76 - 
190,214 sq. ft. Two pipe 
hot/chilled water system with room 
diverting boxes (an early version 
of VAV boxes). 

MESQUITE - Occupied 9/63 - 230,609 
sq. ft. Two pipe hot/chilled 
water svstem. 

ECONOMIC IMPACT 
The concepts utilized in Poteet 
High School have unlimited 
transferability to all educational 
facilities. Since this facility 
can operate on an energy budget at 
least 30% below existing schools 
the economic impact is felt by all 
taxpayers in the school district. 

*Site BTU Consumption Data was 
used in calculations. 
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