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Investigations of indoor air qmlity or h&or 
envirammt m l e m s  were a~xm~lished in seven 
different Tews schools. The schools m located 
in hot and humid climates. CcPnfort and mildew were 
the met frequent wnplaints. In all cases, the 
air-mxliti- system maintenance and cperation 
was a primary fador in the prcblem cause and 
solution. The significance of problems 
investigated cculd have been minimized had the 
symptombeenaddressedwhentheywerereportedthe 
first time. hweritive ma- and better 
hclusekeep- of a k - a x d i t i ~  systems in Texas 
schaols will b e  the indoor envFranment. 

5-1s enaxraged to be m aggressive 
in preventive maintermme and plan for irdaar air 
quality and energy efficiency in school air- 
conditianimg retrofits. 

A cpalitative investigation of problems 
reported in seven Texas Public Schools was 
acccwp1ished. ?he m l m  rq&xd by the school 
personnel were varied and indluled mildew, mld, 
odor, allergy reaction, water on &aces, and 
comfort. Only one of the building operators 
~ t h e p z P b l m a s i n d o o r a i r q u a l i t y o r s i c k  
builw. !thme of the investigations Mentifyhg 
indoor eflvironmental @leas were initiated in 
response to energy audit requests. One 
investigation was requested after parents 
c~nplained to the school ixead about on 
carpet andwall, and allergy reaction. lIhe seven 
case studies include c~np1ah-k and mn-aanplairrt 
buildings. Ihe schools reported in this paper 
are at varicus lcations t h x q h a t  Tews. The 
investigation approach is artlined belcrw. 

. visit school and interview builw aperator 
(e.g. principal,   tor, mkinteMnce 
-r) . Inspect specific areas of building with 
reported problem and identify nature of 
pmblem. 

. Conduct inspection of entire building 
including aircconditioning evstms. 

. Review building 
characteristics. 

and 

. Review construction documents 
specif icaticms) . and 

. Formulate hypothesis about causes of 
plxblems. 

. Conduct additional inspections, obtain 
limited measured data as needed, and oonduct 
evaluation of a i z c o o n i i t i ~  systems. 

. Reconrmenl solutions to resolve m l e m s .  
In all seven cases, this was all the 

investigation that was needed to identify the 
problems sufficient to recommend solutions to 
resolve the abserved p m b l m .  Because of expnse 
to the bulldjmg Owners, additional quantitative 
investigations were rmt -. As soan as the 
initial investigation and recammendations were 
provided, the Owners wanted to take immediate 
action and give no plblicity or attention to the 
subject. Therefore, no additid quantitative 
investigations were made. 

l I h e g e V e n c a s e s t u d i e s i n t h i s p a p e r ~  
lcated in hat and hmid climates as shawn in 
Figure 1. Ihe severity of the prcblm as visually 
deteded (e.g. mold, mildew, moisture on walls arrd 
floors, etc. ) ms progressively mre pmnamxd in 
the schools in the southern part of the State of 
Tews (See Figure 1). 

absenrations made thm@out Texas in Fublic 
Schools during more than 300 on-site energy 
evaluations, inaicate that there are more indoar 
enviraarment pmblems in the easbm, and sarthern 
part of Texas. 'Ibis shaild be aqectd because 
these areas have higher relative humidities. No 
schools in north, west, and Texas have 
been abserved or reported to the author as h a m  
mildew or mold type problems, or condensation 
prpblems. A ccammn obsenmtian Texas 
(all regions) is poor hrxlsekeephq and dntemmx 
practices which effect the indoor environment. 
caamaan practice3 fl-eQmtly abserved include (1) 
mechanicalroamhavhqfreereturnaireystems,and 
the man bebg  used for storage (e.g. peeticides, 

FIGURE 1: LOCATION OF CASE STUDIES 
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dFrty mops, trash cans, dust pans, old f i l tare,  c;'-'&= (7% 
auxanditionirg f i l ters  and installation of 
machines in m-ventilated roaas, (4) fresh artdoar 
air dampers cloeed. 

The follawing paragraw disarss each ease 
school. &cause of requests fram 88vera.l 

Owners, the admole are not identified by riame and 
d i s t r i c t .  Figure 2 summarizes the general 
characbristica of these 8chmls. 

The single-story school was inspected i n  
respnsetoarequeetforanenergyaudit .  During 
the Mtial on-site visi t ,  review of the ut i l i ty  
b i l l s  Micated that the a-ti- equipaent 
was aperating corrtinucrusly. The superinterdent 
reported t h a t  the systems wexe not turned off a t  
evenings, %wken%, sunmk=r, or  anytime because of 
recent pmblems with mildew and canfort. 

' m € l b u i l d i n g a n d s y s t e m e ~ i n s p e c t e d a e  
part of the energy audit. 'Ihe inspediw and 
conservations rwsaled the follawing: 

. Mildew g?mta 

Discussion w i t h  the  superintendent revealed 
that  based aa a colltrPls canparry's advice, the 
chilled water supply knpem~ture had been adjusted 
to the abserved teIpm3m. 'm€l abserved hi* 
chilled water supply temperature did not penait 
adequate dehumidification of the a i r  passing 

the air-con&tioning sykem was operated 
can t inua~~ly  in an attang& to achieve canfort. 

The -titma to -1- the m e n 1 9  
m as follaws: 

. Ad ust chilled water alpply tmperatum to 4 44 . 

. Clean the mildew off of the surfaces. 

Within 30 &ys after the above -ti- 
were accomplished, the building occupants 
complaints t o t a l l y  ceased, the mildew growth 
stopped, and the oandensation an amfaces did not 
occur. After 30 &ys fraa the corrdxive 
action, the airmnditionirg system was turned off 
on weekerrds and holidays withalt any pmblems. 

. High indoar humidity The two s tory  elementary school was 
investigated September 8, 1989 becam of . ChFlled water suFply talpmture of 59*. specific catplaints in  the kitchen and cafeteria. 
~ ~ a i n t s w e r e r e p o r t e d a e m i l d e w o n w a l l s a n d  

Mobtue -tion on w a l l s  in corridors ceilings, and m o i s t u r e  codmeation on walls and 
and other locations. f 1 ' m  in the kitchen. 

A mtmwdiate Central, Qlilled Camfort, Mildew High drilled Water 
water -'== 

B El- central, chilled Camfort, Mildew Pressum Uhder Floor, 
W a t e r  High ali l led water TePq?., 

E mmxmAiate Oentrdl, Qlilled Camfort Oontrols, Drain 
W a t e r  

F El- central,chilled 
W a t e r  
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?he mildew wae absenred to be in spots on the 
cafeteria ceilinJ tiles. In the kitchen, the 
prcblem was nore prevalent. mch of the mildew 
reportedly has been cleaned-up in  the kitchen. ?he 
mildew in  the kitchen w a s  cancentrated on the vinyl 
kitchen w a l l ,  arrd on the furr-down for the duct 
work. 

Fmcm temperatures in other areas of the school 
weremeasumdinthemrniqandafternoon. 'Ihe 
temperature in the variars roaaas m y e d  frm 66 
degree F. to 71 F. W i n g  the morning and 69 
degree to 72 degree F. in the afternoan. A t  1:05 
p.m., 69 degree F. dry bulb and 62 degree wet bulb 
L~m~ture wxe masured i n  the cafeteria near the 
stage. This equates to a b u t  65 percent relative 
hunddity in the cafeteria. 'Ihe nxm temperature in 
the  kitchen was 71 degree F. Supply a i r  
tanperatwe in the buildirq varied fmm 55 degree 
t o  57 degree F. 

Airflaws were measured on the f i r s t  floor. 
The cafeteria/stage a i r  handler had 5,775 cfm 
n&um air, 105 cfm fresh cutdoor ai r ,  and 5,880 
cfm supply air.  According to the plans design 
w l y  airflow was 8,850 c h .  'Ihe kitchen air 
handler has 1,075 &I -ly air flow. ?he plans 
shmd a design airflow of 2,700 cfm. 

Ihe following are abservatians and pmblelr6 
which wxe related to the mildew pmblan. 

. 'Ihe twb chilled water temperature indicators 
in the main mechanical room M c a t e d  39 
degree and 45 degree F. Both iniicators 
w x e i n a m m a o n l F n e , ~ o r e o n e o r b o t h  
were not reading properly. Accurate 
measurement with different i n s h m w b t i o n  
indicated 4g0 F. chi l led  water supply 
tempera-. 

. ?he exhaust fan located wer the dishwasher 
was not aperational. Natural draft resulted 
in d y  250 cfm a i r f l c r ~  exhaust. 

.?hewallbatweenthemainmechanicalroom, 
the  cafe ter ia ,  and kitchen had large  
openings abwe the  ceil ing.  A i r  
communicated above cei l ing between the  
mechanical room and the  cafe ter ia  and 
kitchen. 'IhemJchanicalroomisontheback 
side of the school or an exterior w a l l .  The 
mechanical room contains the  ch i l l e r ,  
boiler, pnnps, etc. 

. Ihe back exterior door of the kitchen 
needel weathercstriJ@lg. 

. 'Ihe return air gr i l le  for the kitchen air 
handler wae located w i t h i n  three feat of the 
dishwasher and the nan-3ch-g exhaust fan 
g r i l l e  for the dishwasher. 'Ihe wisture 
fmathediahwasherwasbehgdrawnirrtothe 
return air for the kitchen air handler. 

. Ihe boiler and chiller were on. 'Ihe 
cafeteria air handler chilled water valve 
w a s f u l l c p e n a n d t h e h o t w a t e r v a l v e w a s  
ful l  closed. 

. seveml exhaust fans have their discharge 
ducted to the lnrler floor plenum. This 

resu l t s  i n  a higher pressure under the  
floor. 

. Fresh a i r  intake f o r  cafeteria was 
ccmpletely blocked with dirt and l in t .  

!rile follawing were f i r a t  step3 - to 
resolve the mildew pmblem. 

. set chilled water temperature to 44 degree 
F. This temperature is required f o r  
ddmddif icatian and w i l l  be significantly 
more ef fect ive  than the  49 degree F. 
setting. 

Repair the d b h m s h x  ahaust  fan. Scam of 
the wisture fraa the dishwasher stays 
the kitchen and same of the misture 1.6 
drawn into the re- a i r  of the kitchen. 
Repairing this fan w i l l  exhaust t o  the 
outdoor s ignif icant  amounts of moisture 
containing air .  l h h u c t  kitchen personnel 
toanlyaperatethefanwhenthedhhmhx 
is operat-. 

s ea lo f f  t h e ~ i n t h e w a l l b e t w e e n t h e  
main mechanical room and the 
cafeteria/kitchen. The greates t  
concentrationof mildewwas on the  Aurdown 
fortheHVACductf3. ' I h e a i r h a n l l e r f o r t h e  
kitchenisinthemechanicalroom, therefore 
the opening arum3 the ductwork sharld also 
besealedwhereitpmetratesthemechanical 
room. Inspect the duct installation in the 
furmlmn area of the kitchen for t ight  
joints and god instdllatian. 

. Weathercstrip the baddoor to the kitchen. 

. Clean the w i l e  in the air handlers of the 
kitchen ard cafeteria. 'Ihe 1uer air flaws 
may be partially due to dFrty' mils .  ?he 
fresh a i r  g r i l l e  f o r  the  cafe ter ia  was 
dLmost totally blocked by dirt. Clean the 
fresh a i r  gri l le .  

After the abave i t a m  have been acc~n~l ished,  
monitor the  mildew si tuation.  If the  mildew 
continues, accomplish the  following additional 
i t€ lns .  

. Relocate t h e  return a i r  grille i n  the 
k i tchenawayf rmthe-andpot  
sink area. 

. Revise t h e  discharge from the nearby 
reatman fans to eliminate the underfloor 
discharge. 'Ihe discharge aeates a higher 
presrmre un3er the floor. Ebisture will 
mfsrate frcm the area of high pwssure to 
low preRmre. Therefore, the m- urd€lr 
the floor area w i l l  tend to migrate irrto the 
building. 

OUler camaents include the following: 

. Some of the  identical  classroams have 
significantly diffartmt air flaws Slqplied 
and lowmtumai r .  R r i s w i l l a m t x i k R e t o  
acme of the Qcmfort q l a i n t s .  Hmwer, 
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the high humidity level i n  the building w i l l  
mab the roaus feel uncanfortable even a t  
nonnal rwan temperatures. 1t is mamend& 
that the a i r  balance in the rooms not be 
adjusted until the b.lilding mildew itelm 
have been auxauplished. 

. C l e a n t h e m i l d e w f Y u n t h e W l l f a c e s i n t h e  
cafeteria ard kitchen. 

After the investigation and &we 
reaoamnerdations were pmvided, the sdmol parsannel 
M a t e l y  aaxauplished the follcwhy: 

. Set chilled water supply temperature t o  
44°F. 

. med apenings aracnrd piping penetrations 
a t  ammn walls betkeen cafeteria, kitchen, 

. Repaired dishwasher admust fan. 

. Cleaned mildew off of walls and d l i r g s .  

DqmwaDents kwx reportsd during the f i r s t  
mcath after acccmplishing the above. ?he m n a h h g  
i t e m s  were t o  be scheduled for accomplishment 

the 6lmnmr of 1990. 

School C is a sirgle story modern a m s t n d i c m  
sckd, .  The authors were mquest& to investigate 
the echool after pawrts amplahed a t  a schaol 
board meeting. 'Ihe amplaints m as follows: 

. Allergic reaction of dxht8. 

. Mildew abserved on walls arrd carpet. 

. Uncomfortable environment (e.g. low 
kpEmtur0, "stuffy", Inrmid) . 

Ihe following are related ckienmtiaw made 
during the on-site investigation. 

. Space temperature in  the school was 
relatively lw. Sam classmame were 67 to 
70%. Relative humidity was about 65 
parcgnt in meet areas. 

. Five fans are located in a large underfloor 
crawl space. The fans transfer abwe 
ceil* return * to the urderfloor crawl 
space. 'Ibis pressurizes the 
urderfloor volume. 

. Chases for electrical aaplduit cmmumicate 
M y  J&xem above plenum area 
arrd underfloor space. 

. Same of the eommdzer cmtmls on the air- 
handlers were not functioning properly. 
mfumtim of these cmltrols can permFt 

hmdd autdoor air  to be used for space 
aoolity. 

. There is a crack between the walls and 
building along the ground a t  the east  
exterior wall. The principal and 
maintenance supervisor reported water 
entering the underfloor area during rains. 
Drainage fm~n a recmational area flows to 
this side of the schaol. Water was reportsd 
tostardurderthebuildiTyafterrain. 

. The artside (fresh a h )  for a l l  air-Mere 
wen= ccmpletely dceed. No fresh Cutside 
a i r  can enter the building via the air- 
aonditicoling system. 

. Mildew was cbsenred on the walls of a few 
interior claasrwars. 

.Mildewwasabservedonthecarpet inthe 
office and floors in a few interior 
classrwtrs. 

. Qils on air-handlers kwx dirty. 

. Mu3 an3 debris were on a l l  hot water reheat 
mils.  

. Ahwe ceiling 1.eturn a i r  plernrm was vary 
dirty. 

The following were recommended as  i n i t i a l  
step to impme the indoor envimmmt. 

. ?he greatest canl35mtm to the *lem Is 
the transfer of oeilhy mtun a h  to the 
UrB39Tloor crawl spaoe. me ~ 0 0 1 :  fans 
pressurize the crawl space. Sane of the 
llnderfloor fans were not opera* (failed) 
an3 this results in  mist ~ O Q I :  air 
flawing into the building through the 
apenFngs in the pip* chases anl aperative 
underfloor fan ducts. Turn off the 
underfloar fans, sedl the noor c p d m p  to 
the crawl space, ard ssdl the uma?Floor 
fans dudwark. 

Qnstructare tdniqwal lorpmvideother  
meUloas to direct drainage away f m  the 
building. Eliminate water etanding rnder 
the buildby. Sedl the crack alorq the 
exterior wall a t  the grand. 

. Set the aRdoor air dampers on each air- 
haru31er to prwide for fresh air. 

. Repair the ecanemizer controls. 

. Clean the mi ldew off the walls. 

. Clean the riirpet. I 

. Clean all boalcs and furnishings. 

. Clean a l l  airhanllm ard reheat wile. 
Replace filters. 
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. operate the ab-amditioning c o n t h m d y  
for 30 - 90 days to dry cut and page the 
b u i l W .  

The school immediately --off the 
underJ3oor fans, set dampers for Mxudwtian of 
fresh outside a i r ,  and cleaned the  in te r io r  
surfaces with visible mildew. O t h e r  w r k  was 
planned for  the  summer. Improvements were 
noticeable t o  t h e  extent t h a t  complaints from 
BaYlentsandparents-. 

School D was originally constructed a s  a 
single-story high school. A twbstory classroam 
addition has been constructed. The comlaint  
re3pmkd to was CQllfort (high humidity) In the 
area of t h e  north-south corridors along t h e  
auditorium and the eurnxlndIng classmcm~. Mildew 
was reported t o  occur i n  t h i s  area. The 
ocaurences wre repartedly isolated and periodic. 
Investigati~126 renredled the fo l l a~ ing  C a n t r w  
OOnditions. 

. The package rooftop multizone a i r -  
conditioning uni ts  have above cei l ing 
returnairinthehalls. ScPaeoftheretUm 
air passages fmm the roaars to the halls 
were blocked. 

. Multiple large  double doom and windy 
conditions result in hkxhck ion  of moist 
cutdoor a i r  irrto the subject corridors when 
students are clmging dlasses. 

The following recanrmendatians w=nz prc~ided to 
resolve the pnblem. 

. Clean all surfacas in  the areas. 

. Rsmwe iterne blcckhq-off the retutn air 
gri l le  in sam classrrxlas. 

Aux~~ible areas have been eealed and the 
return a i r  r es t r i c t ions  removed. The schoolls  
architect  is evaluating vestibule options and 
alternative pedestrian flaw to minimize a I'wind- 
tunnelI1 effect in the north-acuth corridars 
class dmye. 

w o r t  6tated as periodic, @'high taaperature and 
high humidity." 

m--8ite investigatial6 wedled the follawing 
cantrikrting conditiorle. 

closed and/or almost closed due t o  
thermwtat (sensible heat) being satisfied. 
'Ihere were no damem in the fresh air 
ducts. 

. Coi l  and drain emampmk allaws moishrre 
t o a n t e r a q p l y a i r o n ~ o f  ax l ing  
coil. 

. Wise ~ t s / a m t r o l s  to cycle fans. 

. Wise drain to eliminate water 
fmm *ing aqply  air. 

school F is an older single-stazy elementary 
school. 'Ihe classroaa walls a m  abaut 50 percerR 
(area) aperable glass wbdum. Cabinets and kook 
cases are along the exterior walls to a height 
abcut equal to the botbm of the wirrkwa. ?he 
school originally had air-conditioning supply 
artlets washing the exterior glass. RenoMtion 
w r k  indlulhq new aimxdi t ionFrg elimFMted this 
a i r f l aw pattern. The canplaint investigated was 
o d o r w h i h t h e s c h o o l p e z s o n n e l b e l i e v e d w a s ~  
fmm under the floor. 'Ihe odor was reported aftar  
the renovation w r k  was aaacmplished. 

. The old operable windoha did not close 
ti*. ?here were large amxvlts of air- 
Mil t ra t ion.  

. Oandensation was ahsenred on the w h f h n 3 .  
There was mildew appearance behind and 
inside some cabinets. Condensate was 
mnnbg dmn the windars, and behind and 
into r u m d a t e d  cabinets. The proriaus 
air-ccaditicozirq systePn air-flaw washed the 
windows and the  condensate condition 
reportedly had not been occurring. 

Recormaendations which resolved the  problem 
include the follawing: 

. Seal cabinets and cabimt/wall irrterfaoe to  
prorent water f law to the cabinert irRerior 
and behind cabinets. 

. Seal windows to  significantly minimize 
infiltration of W d  air. 

. Clean the mildew appearing euhetanoe. DIy 
out space h i d e  and b&hd cabinets. 
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School G ie a mocEern singleatory elemntaq 
sdml. ALrsconditicming is prwided by a centrzd 
four-pipe system having a cast-iron sectional  
boiler to produce hot water for space heathq. Ihe 
irdom a i r  quality plPblem was discwered during 
energy audit  investigations. No symptoms o r  
amplaints had been reported by the school. 

Ihe irdoor air prdslem was detection of very 
high carkon d d e  in the lnain mechanical man 
during boi ler  f lue  gas sampling f o r  bo i l e r  
perforllmnce analysis. ?he boiler eta& indicated 
7 2 8 p p a ~ m c a m d d e .  Samplesinthemechanicdl 
rocan near the boiler were caaparative to the flue 
stack m a d h q .  The boiler was located i n  a 
mechanicdl roam having two exterior Wls. A door 
(which was open) t o  a custodial room (e.g. 
sqplies, desk, etc.) cummmicated with this min 
mechanicdl roam. School officials m hunediately 
natified, and the boiler was i m d i a t e l y  shutdawn. 
me burners wen= mwved for inspectian ard they 
had deteriorated significantly. The faur inch high 
coxmte pad supporting the boiler was cracked frrm 
appearance of overfieat*. Large metallic r u s t  
deposits ware under the boiler. Ihe ocm&lstim a i r  
intake area for the boiler ie mdersize. 

The school district is actirq an the f o l l a w h ~  
lxzmmdationa: 

. Replace boiler. 

In addition, this school had meamred mlative 
h u I d d i t y i n t h e ~ l a s s r o c n r s a € I ~ a s 7 9 ~ .  
The abhandler  cooling coils and f i l t e r s  m w 
f i l t h y  and blocked t h a t  the  c o i l s  could not 
flmction properly. Roof leaks resulted in damaged 
ceiling tile6 ard such mois ture  that  mildew growth 
wascbservedontheceilingtiles. Cpenhystothe 
artdoors wen= abserved a t  cine place above a ceiling 
ama whi& sewed as a return a i r  plenum. A 
ccmp&msive building ard aircaolditicming sy&m 
preventive maintenance program was mzmmrk3. 

The signifi- of all pmbleam in the case 
s tudies  could have been prevented i f  

hest igaticme and wmwtive  action had been 
taken when the problem was in i t ia l ly  reported. 

P n 3 v e n t i v e m a i r r t e n a n = e ~ d ~  minimizedor 
averted most of the  problems i n  the  case 
stulies. 

Inspections during construction f o r  proper 
seal* of piping penetrationEl to the building 
is essential .  Periodic inspections a f t e r  
O a n e t r U C t i a n i e ~ .  

Many schools have a need for good pnmmtive 
maintenance education, program, budget, and 
pemamel allocatian. 

Periodic inspections by trained school 
pemmnel are reammxm for bgmmmmt of 
the  indoor a i r  environqent i n  schools. 

~ r e s s u r i z w  the void space under a building is 
not racamnended. 1f underfloor ventilaticm is 
rquired, aoc~npliah using methods to create 
negative pressures. 

&lding occupants ard parents are kcdrq 
increasingly aware and educated about 
envirwmentdl issues. They are beccmCrg mre 
alert, vocal and less tolerant. &me of the 
schools investigated had problems since 
original ~ ~ ~ 1 ~ t r u c t i a n .  

Based an the emtianal situation8 abserved and 
fac tors  i n  item eight  above, schools a re  
enaxraged to be more aggressive in preventive - god hrxlsekeeping p r a d -  of 
airronditicdrq systems. I f  not, they are 
likely to aKmmter mand2ltrJry i n q x c t i c r m e  and 
d e s  jn@osed by g w ~ n m ~ t d l  entities. 

In a l l  cases investigated by the authors #ere 
w&re actual plpblenrs. 

Annual performance t e s t ing  of boi lers  is 
reconnwded. 

Technology, design knowledge, and operating 
infamatian a m  available to preyent the types 
of problems reported i n  the  case studies 
preserrted. 

In a l l  seven cases, reedlving the problem &ll 
imprwe M l d i n g  energy efficiency. 

I n  a l l  seven cases, the solution was t o  
eliminate the problem rather than dilute or 
mask. 

Intelligent schools shaiLd indlude nnnitmhg 
of indoor a i r  qual i ty  (e.g. chemical 
opnpositian, parts per million). 'Ihia waild 
have been beneficial i n  School G. ?he e n e r ~ ~  
management system or  building automatic 
controls w i l l  need t o  include additional 
envFrcarmenm acBlcUtians euch as air lmmmnt, 
location, ranaber of ~carparrts, air s a n p k ~ .  
VAV fan Bpesds w i l l  need to be influenced by 
indoor air quality to minimize the effects of 
individual a i r  patterns ard law air flm that 
~ o b s e r v d i n s a m e o f t h e c a s e ~ s d l o o l  
classroonrs. 

Based a abslMtim in !mr8 than 300 
districts, aircoonditicming syetarrs for sdlools 
should be 8-le and easy to ' Fresh 
a i r  can be controlled s a s i e r T ~ v i w  
zorm and claasroaas by using multiple, emdller 
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abhardlw units. T h i s  a=& also will 
result in lees tcrtdl fan hmsegmr. With the 
reduced horsepower using the multiple 
individual air-handling approach and the 
resulting flexibility of operation, energy 
wthg mete will be less. 

18. lbm W i c  Schools have marry facilities with 
aging and deteriorating air-conditioning 
systems. This situation provides retrofit 
cFw-mw for -ing - air W i t Y  
ard energy efficiency. Camful phmirg is 
reguiredtoachieve this goal. 
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