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B
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bin weather 119
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carbon dioxide321

cartridgefilters80

centrifugal chiller 226
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performance 228
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efficiencies 226
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climate zone map 370
CO, sensor 131
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cold duct 81,133
colleges28
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combustionair 104
combustion efficiency 69,278
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compressedair 271,398,414
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cost 289
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leak 289
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terminal reheat 85 desiccant 98

constructioncracks 73

controls408,430,435

control system cost/ benefit 112

control valves 78

conventional cooling 257

conversionfactors 327,339
energy 339
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COP 252,327
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cost vs. benefit 153

cracks, construction73
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D
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datacenter 26,247,416
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dead band 115,121,157,380,432
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(DOAS) 223,263,426
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ECM motors 426
economic savings 241
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BEER 327,337,338
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full load amp 337
effect of coolingtower energy on
overall energy savings180
efficiencies, belt drive 237
efficiencies, fan and pump 237
efficacy 298
electrical formulas 328,329
electricresistance heat 126
electric resistance humidifiers 246
electronicballast 75
electronic expansionvalves 234
electrostatic discharge (ESD) 247
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approach 395
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energy transport 224,330
loss172
systems, energy budget 427
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365
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measured at adata center 370
energy useintensity (EUI)-in
production units, for some
manufacturing operations 377
energy use profiles9
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envelope125,305,403,421
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equating energy savingsto profit
increase390
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eroding savings125,215
EUI 4, 5, 364, 365, 370, 377, 378
calculating4
mixed 5
production 5
evaporating temperature 78
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lossfrom water in heated
tanks 361
evaporative cooling 67,255,256,
257
direct 255,258
direct, post cooling 257,261
indirect-direct 256,259
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mental conventional cooling
257,260
evaporative pad 247



[ ndex

447

humidifiers247
evaporative pre-cooling26, 70, 82
excessair 69, 104,287
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exit losses 0
exterior color 73
exterior screening 309
exterior shades 309

F
facility guide specifications418
fan-powered VAV box 426
fan/pump motor work equation
236
fan and pump efficiencies237
fan and pump throttling 238
fan coil unit 222
fan horsepower 161,208
feed water 103,104
filter, angled 80
filter, bag 80
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filter, flat 80
fin-tubeheat exchanger 144
flat filters80
flat plate185
heat exchanger 79,134
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flow chart 63
fluid cooler 26, 67, 70, 233
adiabatic 247
humidifiers
infrared
ultrasonic
food sales34
food service/ restaurants 50
foot-candles298
forced draft 277
formulas 327

fossil fuel emissions324
fouling 66, 69, 142, 144
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duct 89

factor 337

| 0sses 208

pipe89
full storage TES 99
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generators 288
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glass, silk screen shaded 309
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frame 307
high performance307
properties 307
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glycal vs. efficiency 263
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ing 264,265
effect on chiller efficiency 264
effect on heating water €ffi-
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graphing 9

graphs, energy use9
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greenhouse gas 321
emissionshy gas 324
relationship to energy use 321
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grocery stores34

ground source heat pump (GSHP)
223,252,430

guide specifications, facility 418

H
harmonics103
head pressure 26, 80
health care, hospital 36
heat-conversionfactors 327
heat-cool overlap 159
hesating-cooling overlap 133
heating and cooling, simultane-
ous133
heating degree days 305,315
heating surfacearea 279
heat exchange, wash water 97
heat exchanger 143
approach 143
fin-tubel44
flat plate 79
plate-framel44
shell and tube 144
heat |ossfrom uninsulated hot
piping and surfaces 358
heat pump 223,250
air-to-air 250
ground source (GSHP) 252
water heaters 313
water-to-air 250
water-to-water 252
heat recovery 68, 95
equipment 93
refrigerationsystem 96
viability test 95
heat transfer formulas330
heat transfer surfaces 215
heat wheels98
HID 68, 76

high bay 76
lighting 68
high rise 59
horsepower, air 0
hospital 36
hotels44
hot deck 80
hot duct 81,133
hot water recircul ation 314
hot water reset 204
from zone demand 132
humidification 244,427
and dehumidification, simulta-
neous 244
formula334
humidifiers 70,247
adiabatic 247
electricresistance 246
evaporative 247
fogging 247
infrared 246
ultrasonic 247
humidity-sensitive242,244
humid climates157,267
HVAC 380
control 114,127
settings115
formulas331
retrofitsfor the three worst
systems 385
hydraulic diameter 337

I

icerinks 61

ice storage102
idlemode 63

idling 400

idling equipment 18,400
impeller trimming 86
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indirect-directevaporative cooling
256,257,259
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cooling 257
indoor air quality 137
costs137
indoor comfort settings 114
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infiltration 73,267
infrared humidifiers246
inlet vanes 87, 89, 406
instantaneous water heaters 314
insulation 74
insulation formulas 335
integrated design 394
integrated part load value 228
interior shades 309
internal gains242
heat 239
internal loads 156,186
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IPLV 228
IPMV 212

J

just-in-timemanufacturing 67

K
k-12 schools 31
kBtu 4
kBtu/SF-yr 3
k-value336
kitchen 249,412
hood exhaust 249
hood make-up 249
kW /ton 327

L
labor costs 66

latent heat of water 335
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laundry 97,413
|leakage 267
envelope 267
testing, building 422
leaks, air duct 77
libraries/museums 42
lighting 75,193,194,195,297,383,
403,423
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control 113,127
energy use, pct d total electric
301
fluorescent 76
HID 76
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302
opportunities 302
technol ogy properties 300
terms 298
light harvesting 75
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load factor 15, 67, 108
defined 106
effect on energy cost 14
limiting 122
profile 63,155,159,201,294
profile, HYAC 155
profile, motor 201
profilefor humid climates157
profilefor overlapping heating
and cooling159
lodging 44
loss coefficients, duct fitting 359
low-E coatings308
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Mé&V 212
baseline 213
options 213
magneticballast 75
maintenance404,434
valuel37
energy benefits 129,139
make-up air 68, 97, 126
make-up water 97
manufacturing 63,415
measurement & verification 212
mercantile 53
minimum stack gas 279
mismatched compressor/evapo-
rator coil 247
mixing box, zone81
Mollier Diagram 253
most open valvel27
motels44
motor 196,269,424
efficiency 269
efficiency at reduced load 271
load profile196
losses 273
motor power factor at reduced
load 275
multi-familybuildings 21
multi-zone80,133
hot deck/ cold deck reset 132
system 222
museums 42

N
normalize214

0]
occupancy data 214
occupancy patterns132

occupancy sensor 120,423
control d HVYAC 128
energy savings304

off-peak 105

officebuildings 47

on-peak 105

operablewindow 125

operating budgets 215

operating costs6

operating expense 6

operating expenses, percent from
utility costs 375

optimization111,127,432

optimum start 117
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outside air 73
energy consumptionfor heat-
ing 268
reset o hot water converters
125

ovens68

overhangs 74
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159,268

owner-friendly design consider-
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P

parasiticfan heat 26, 27
loss 27, 98, 225

partial storage TES99

part load refrigerationcompressor
power 229

part load benefitsd variableflow
pumping, chillers230

part load boiler operation 280

part load chilled water system
performance228

people counter 131
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pipe (in) 358
pipefriction89
plate-frameheat exchanger 144
plenum 27, 73, 77
plumbing 433
plumbing fixturewater flow rates
312
polling127,129
pollution 321
pollution-conversionconstantsby
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pollution conversionto equivalent
number o automobiles325
pool 59, 93
covers93
evaporation A4
pool air and water temperature 93
pool evaporationformula %4
power factor 102,108,328,329
correction102,274
for some equipment 276
pre-cool 79
pre-heating 97
predictive maintenance 66,135
pressure-temperature chartsfor
refrigerants349
pressure unit equivalents 340
preventive maintenancel37
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d 98
process analysis63
process cooling 68
processflow chart 63
processflow diagram 64

production rate 16, 65
production scheduling 66
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productivity value138
profit 390
profit 6
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pumping, variableflow 181
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ple401

R
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ratchet clause108
rated return (ROI)153
re-entrainment, air 83
recirculation, air 26
redundancy 210
reflectancefactor 74
reflectivevaluesd common col-
ors 299
reflectivity 73
reflectors 77
refrigerants, pressure-temperature
charts 349
refrigerant hot gas97
refrigerated warehouse 57
refrigeration compressor percent
power at part load 229
refrigerationcycle 253
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refrigeration efficiency degrada-
tion at part load 230

refrigerationsystem heat recov-
ey 96

reheat 239
energy penalty 166
penalty 116

rejected heat 69, 97

relative cooling tower capacity
factor 176,179

relativeefficiencyd air condition-
ing systems221

relief damper 78, 79

repair costs 137

reset
chilled water, constant flow
pumping 124
chilled water, variableflow
pumping
condenser water 128
hot water, from zone demand
132
multi-zonehot deck/ cold deck
from zone demand 132
schedule 125,130,204
supply air, VAV from zone de-
mand 128
supply air static pressure128
supply water pressure, vari-
able pumping 128
VAV box minimum setting 128
ventilation, from CO, 131
ventilation, by people count
131

restaurant 50,412

retail/ sales53

return air plenum73, 77, 399,422

ROI 153

S
sales53
scale141
scaling 66
schools31
SEER 327
sensiblecooling 244
sequencingd multiple chillers/
boilers132 s
service access 216
servicelifed various system com-
ponents 383
set back 117
thermostat savings 120
set up/set back 117
glass, thermal break
exterior shades 308
low-E coating
interior shades
shading 307
coefficient 303
window 74
shell and tube heat exchanger 144
shift pay differentials66
short cycling 400
boiler 280
sick building syndrome 138
side-arm heater 280
silk screen shaded glass309
simple payback 153,355
simultaneous dehumidification/
humidification26, 27, 244
simultaneous heating and cooling
67,133,159,268
singlezone system 222
singlezone VAV 223
skylight 75,422
seep mode 63
solar heat gain factor 308
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solar load 306,307
soot build-up 141
spaceheaters 434
specificheat 224
o air and water 335
spot cooling 67, 82, 262
stack dampers 281,282
stack gas temperature, minimum
279
stack temperature 103,142
standby losses19,117,125,204,
313,314,400
boiler 279
water heaters 313
static pressure control setting 83
steam 414
cost 277
leak 284,285
pressure103
pressure, reducing 284
storage tanks for domestic hot wa-
ter heaters 313
stranded cost 108
stratificationlosses 99
super T-876
supply air 129
reset166,171
reset o VAV systems130
static pressure reset 128
temperature reset 129
supply water pressurereset 228
sustainability 224
swimming pools 93,411
system resistance 89
air and water circulating 234

T
TAB 86
tenant override120

terminal reheat system 222
TES99
cool storage100
full storage 99,100
ice storage 100
partial storage 99,100
phase change material (PCM)
100
warm storage 100
testing adjusting and balancing
(TAB)86
Texas multi-zone81
thermal break-even concept for
buildings 239
thermal break-evenpoint 130
thermal break-eventemperature
154
thermal breaks307
thermal conductivity 336
thermal resistivity 335
thermal short circuit 74
thermal storage 9
thermodynamic lift 26
throttling, fan and pump 238
ton-hours 100,200,332,339
top 15 emerging technologies—
2002 (DOE) 334
transport energy 161,221
trimming, impeller 86

U

U-value 307,336
ultrasonic humidifier 247
unit ventilator 222
universities28
unoccupied mode 118
utility load tracking135
utility rates105
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\Y
V-bdt 294,295
vapor barrier 27
vapor compression cycle 253
vapor pressure 93
variableair volume (VAV)85
systems171
variableflow 231,
pumping 124,181
variable pumping 181
variablespeed drive 294
variablespeed pumping 84
variablevolume system 222
VAV 85
fan savings de-ratefactors 166
reheat penalty 167,263
VAV box 85
box minimum air flows171
considerations294
cooling minimum air flow 116
heating minimumar flow 116
minimum air flow setting 399

mi nimum settings130
minimum setting reset 128

reheat penalty 171
system fan savingsreduction
for maintaining downstream

pressure165
velocity head (Hv) 91

formulas 235

viscosity, glycol in chilled water
266

ventilation 81,267
effectivenessby season 132
resetfrom CO, 131

vestibule125

VD 294,424
savings 296

viscosity, glycol 263
in chilled water 266
voltageimbalance 270

w

warehouses 56

warm storage 9

waste water heat exchange 97

water-cooled 224

water-sideeconomizer 79, 134,
184,186

water-sourceheat pumps 252

water-to-water heat pumps 252

water flow rate when load and dT
areknown 182

water heaters 312
storage tanks 313

water heating 382,408

water horsepower 235

water source heat pump loop 224

water treatment 66

weather, bin 316

weather dependent 189

weather data, degree day 315

weather data by days and times
317

weather dependent 13

weather independent 14,190,192,
244

wet bulb depression 82

wet bulb temperature 116,129,176

window shading 74

work equation, fan/pump 236

worship 24

A
zone mixing boxes81
zone d greatest demand 114




