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materials, 379-383
heat transfer enhancement methods,
383, 384f
main features, 382, 382t
PCM for TES systems, comparison,
383, 383t
PCMs, classification of, 379, 379f
PCMs, melting temperature and
fusion heat, 379, 380f
sensible storage concepts, 380-381,
381t
mathematical modeling of storage
system, 383, 384-385, 386t—387t
TES integration literature summary,
building with, 375-379, 376t-378t
Lawrence Berkeley National
Laboratory (LBNL), 83
Lighting energy use savings, 216
Lightshelves, defined, 309
Limitations, for FDD, 450451
Liquefied propane gas (LPG), 112
Liquid desiccant air conditioners
(LDAC:s), 269
Lithium chloride, 107
Load anticipation, 190
Load duration curve (LDC)
for data centers
cooling, 274-275, 275f
electric, 274, 274f
two-dimensional, 275-276, 275f,
276f
sizing and evaluating building
electric power, 273f, 274, 274f
Load tracking, 190
Local substation, RE on, 341
Losses, thermal, 328
Low irradiance conditions (LIC), 297
Low temperature conditions (LTC),
297

M
Materials
for sensible/latent TES, PCMs,
379-383

classification of, 379, 379f
comparison, 383, 383t
heat transfer enhancement methods,
383, 384f
main features, 382, 382t
melting temperature and fusion
heat, 379, 380f
sensible storage concepts, 380-381,
381t
in solar water heating systems, 329,
330
Mathematical modeling, of storage
system, 383, 384385, 386t-387t
Mean air temperature (MAT), 229, 232
Mean radiant temperature (MRT), 229
Measurement and verification (M&V)
of energy savings, 78
Mechanical cooling equipment, 100
Mechanical draft towers, 103
Melting temperature, of PCMs, 379,
380f
Methodology for case study, air
conditioning energy consumption,
483-490
BEM, 485-488, 4871, 487t, 488f
BEP, 484485
SBEM, EnergyPlus™, 488-490,
489f, 490f
uWRF, city scale model, 483, 483f
Micro-inverters, 301
Mitalas, 42
Modeling
building air conditioning energy
consumption, see Air conditioning
energy consumption
mathematical, of storage system,
383, 384-385, 386t-387t
Modules, defined, 294
Montreal Protocol, 96
Motor duty cycling controls, 211-213;
see also Electrical systems
Multi-level switching controls, 309
Multiple boilers, control for, 235
Multiple chillers control, 235; see also
Chillers
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N
National Electrical Manufacturers
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481
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Natural ventilation, 147-154; see also
Passive cooling
design considerations, 150-154
performance, 148—150
principle, 147-148
Net metering
defined, 335
policies, 336
PV for, 336
Neural network controls, 243-246
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Night cooling, 143
Night cooling with thermal mass,
154-157; see also Passive cooling
design considerations, 155-157
performance, 154—155
principle, 154
NN-based optimal controller, 244,
245, 245f
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323-324, 324f
NYCMetNet, 482, 482f
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Offline model training, 454
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228
Online FDD, 454
Open loop systems, 192
OpenStudio, 313
Operating differential, 198
Operation, CCHP (case studies),
271-279
Operative temperature (OT), 229

Optimal daylighting controller, 216
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Outdoor air intake controls, 221-225,
223t-224t
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service, 337f, 338, 339
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window, 315
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Advisor, 444t
Parabolic-trough collectors, 327-328
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organic heat storage materials, 382
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Parallel duty cycling, 212
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disturbance, 422
process, 422
Passive cooling, 142—143
case studies, 179-184
direct/indirect evaporative cooling,
158-162
double skin facade, 168—173
natural ventilation, 147-154
night cooling with thermal mass,
154-157
overview, 143—-145
phase change material, 173—-179
prescreening feasibility, 145147
Sunspace, 165-168
Trombe Wall, 162—-165
Passive design strategies, 6, 8
Passive solar heating, 143—144,
313-319
computer tools for, 319
direct gain, 315-316, 317f
equations for, 318
sunspace, 316, 317f
Trombe Wall, 316, 317f
window overhang, 315
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Passive systems, solar water heating
systems, 330
Passive thermal energy storage
systems, 240-243
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PCMs, see Phase change materials
(PCMs)
Penetration limits, defined, 336
Performance, of CCHP plant, 372,
373t
Performance improvement, sorption
TES system, 397-407
absorption, 397-399, 398f
adsorption, 399400, 400f
prototypes and systems, 400—407
adsorption TES test facility,
403-404, 405f
closed H,0/CaCl,, 400, 403, 403f
H,O/silica gel, 403, 404f
H,0/13X zeolite, 405, 406f
recent achievements, 400,
401t-402t
solar sorption pilot plant, 406, 406f
Phase change materials (PCMs),
173-179; see also Passive cooling
ceiling board, 357, 3571, 358
ceilings, 366, 367
classification of, 379, 379f
design considerations, 177-179
floor heating, 366, 367f
latent heat of, 315
latent TES with, 352, 353-354,
364-365
cross-sectional view of heat storage
tank, 364f
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free cooling systems, 355f
paraffin wax, 365f
schematic diagram, 353f
thermal storage systems,
comparison, 354t
melting temperature and fusion heat,
379, 380f
performance, 174177
principle, 173-174

for solar shading, 354, 355, 356f,
357, 357t
Stefan problem for, 383, 384
TES units, 374
wallboards, 365, 366f
Photo-sensor system, 216, 217f
Photovoltaics (PVs), 292-305
BIPV, 299
cadmium telluride, 296297
cells, equivalent circuit diagram, 294,
295f
effect, 292
grid-connected, 300-301, 300f, 305,
305f
IEC standard, 297
initial, operation and maintenance
costs, 303t
i-v curve, 295-296, 295f
roof racks, 298
short-circuit operating current, 294
solar insolation, map of, 292, 293f
solar resource, map of, 292-294, 293f
wear-and-tear on reactive power
compensation equipment, 340—
341, 340f
Pierce two-node model, 233, 234
Piles, 298
Pitot-tube array station, 222
Plenum, defined, 322
Plenum pressure control, 225
Pneumatic devices, 202
Policies, net metering, 336
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Polymer electrolyte membrane fuel
cells (PEFC/PEMFC), 258
Polynomial transfer function, 48
Porosity, defined, 320
Power combustion furnaces, 112
Power generation unit (PGU), 254, 255
Power-to-heat ratio, defined, 370
Pre-cooling control strategy, 237-238,
237f
Pre-cooling energy savings, 239t
Precooling of building thermal mass,
236-239
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Predictive control strategy, 243
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ventilation air preheating
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(PLUTO), 486, 487f
Prime movers, for CCHP system:s,
254, 260261, 260f, 262t
Principal component analysis (PCA)
ANN and, 435
fault detection method, 430434,
432f, 434f
FDD design and feature, 454—455,
455¢
MPCA, 435
operational flow diagram, 434, 434f
Prismatic approach, traditional alarm
management, 425-427, 426f
Prismatic regions, defined, 426
Process monitoring method (PMM),
424, 425¢
Process parameter change, 422
Proportional control system, 199-200
Proportional gain constant, 199
Proportional-plus-integral control (PI
control), 200
Proportional-plus-integral-plus
derivative (PID) control, 200, 201f,
226,228
Propylene glycol, 331, 332
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341-342
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Prototypes, sorption TES system,
400-407
adsorption TES test facility, 403—
404, 405f
closed H,0O/CaCl,, 400, 403, 403f
H,Orsilica gel, 403, 404f
H,0/13X zeolite, 405, 406f
recent achievements, 400, 401t—402t
solar sorption pilot plant, 406, 406f
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Public Utilities Commission (PUC),
336

PVs, see Photovoltaics (PVs)
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FDD, 428-429, 428f

Quantitative model-based methods,
FDD, 427-429, 429f
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Radial Basis Function (RBF) neural
network, 441

Radiant gains, 328

Radiant slab heating systems, 228—
234,234t

Radiant systems, 121-124

Ramp-rates, 343-344

RC thermal network technique,
67-69

Reactive power compensation
equipment, 340-341, 340f

Recent trends, in FDD methods,
436-441, 438t-439t

Reciprocating engines, 258, 261

Recovery time, 219

Reduced chilled water flow, 457, 461,
462f, 463f

Regeneration process, 98, 268

Regression analysis, 219

Renewable energy (RE) systems

advantages, 291
electric service to building with

overcurrent protection, 337f, 338, 339

sizing, 337, 338
voltage regulation, 338f, 339
on local substation, 341
Requirements
hardware/software, industrial and
HVAC application, 442-443
TES, 270-271
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Resources, solar, 292-294, 293f

Results, air conditioning energy
consumption, 490—495, 491f, 492f,
493f, 494f, 495f
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Lovins Uber Solar Home in
Colorado, US, 180, 182—-184

Rock and brick reservoir, 361-364,
362f, 363f

Roof racks, 298

Rotor angle stability, defined, 342
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SCIwatch®, 445t
Screws, 298
Secondary systems, 124—127
fresh air ventilation rates, 126—127
Sensibility, TES, 348-385
air conditioning, building, 349-358
chilled water storage/aquifers,
349-352, 350f, 351f, 352t
PCM ceiling board, 357, 3571, 358
PCM for solar shading, 354, 355,
356f, 357, 357t
PCMs, 352, 353-354, 3531, 354t,
3551, 355t
CHP and, 370-375
CCHP system, diagram of, 371,
372f
general layout, 370, 371f
hot water heat TES systems,
373-374, 374f
performance of CCHP plant, 372,
373t
TES integration literature summary,
building with, 375-379, 376t-378t
classification, 348, 349f
ESD of, 385
for heating, 358-367

hot water tank/aquifers, 358361,
358f, 360f
PCM ceilings, 366, 367
PCM floor heating, 366, 367f
PCM wallboards, 365, 366f
rock and brick reservoir, 361-364,
362f, 363f
heat pumps and, 367-370, 368f, 369f
materials, 379-383
heat transfer enhancement methods,
383, 384f
main features, 382, 382t
PCM for TES systems, comparison,
383, 383t
PCMs, classification of, 379, 379f
PCMs, melting temperature and
fusion heat, 379, 380f
sensible storage concepts, 380-381,
381t
mathematical modeling of storage
system, 383, 384-385, 386t—-387t
Sensors, 191
Shaft energy, 254
Shockley, William, 294, 295
Short-circuit operating current, of PV
module, 294
Sick Building Syndrome (SBS), 140,
149-150
Silica gel, water and, 394, 403, 404f
Single building energy model (SBEM)
AC compressor work in, 488
energy consumption for, 493
Energy Plus, 489
energy sources interaction, 489f
ensemble of, 475-476
sensitivity analysis, 493, 495f
solutions to uWREF, 487
thermal zones, 489
by TMY weather file, 475, 490, 494
using US Department of Energy,
483
uWREF vs., 493, 494f
Single chiller control, 235
Single-effect (1E) absorption chillers,
264-265, 265f, 371
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Sizing
of electrical service to building, 337,
338
options, CCHP (case studies),
271-279
SkySpark, 444t, 448
Software requirement, industrial and
HVAC application, 442443
Sol-air temperature, 71-72
Solar energy systems, integration of,
291-345
cooling load avoidance, 313-319,
317
daylighting, 305-313, 312f
ESI, 335-345
allocating costs and investment,
344-345
building level challenges and
solutions, 337-341; see also
Building level challenges and
solutions
challenges, 336-337
grid-level challenges and solutions,
342-343
net metering policies, 335-336
ramp-rates and spinning reserve,
343-344
substation-level challenges and
solutions, 341-342
utilities, electrical generation
systems, 343345
overview, 291-292
passive solar heating, 313-319
computer tools for, 319
direct gain, 315-316, 317f
equations for, 318
sunspace, 316, 317f
Trombe Wall, 316, 317f
window overhang, 315
photovoltaics, 292-305

grid-connected, 300-301, 3001, 305,
305f

IEC standard, 297

initial, operation and maintenance
costs, 303t

i-v curve, 295-296, 295f

roof racks, 298

short-circuit operating current, 294

solar insolation, map of, 292, 293f

solar resource, map of, 292-294, 293f

ventilation air preheating, 319-324

applications, 320

components, 321, 322f

costs, 319, 320, 323t

maintenance requirements, 319

NREL Chemical Storage Facility,
323-324, 324f

potential energy delivery, map of,
319, 320f

transpired solar collector and bypass
damper, 323, 324f

water heating systems, 324335

active systems, 331, 331f

collectors, types, 324-335, 325f

costs, 332t, 333, 334-335

efficiency curves, 329, 329f

evacuated tubes, 326327, 334-335,
334f

glazed flat plate collectors, 326,
332t

integrated-collector-storage
collectors, 330

materials and components, 329,
330

parabolic-trough collectors,
327-328

passive systems, 330

SRCC, 328-329

unglazed collector, low temperature,
325-326, 330, 332t

BIPV, 299

cadmium telluride, 296297

cells, equivalent circuit diagram,
294, 295f

effect, 292

Solar heat gain coefficient (SHGC),
308,314

Solar insolation, map of, 292, 293f
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356f, 357, 357t
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319-324
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components, 321, 322f
cost, 319, 320
initial cost, operation and
maintenance cost, 323t
maintenance requirements, 319
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323-324, 324f
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319, 320f
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damper, 323, 324f
Solar water heating (SWH) systems,
PCM-charged, 364-365, 364f, 365f
Solid desiccant A/C technology,
268-269
Solid oxide fuel cells (SOFC), 258
Solutions
building level challenges and, ESI,
337-341
overcurrent protection, 337f, 338, 339
sizing, 337, 338
voltage regulation, 338f, 339
wear-and-tear on reactive power
compensation equipment,
340-341, 340f
substation-level challenges, ESI
grid-level, 342343
network protectors in systems,
341-342
RE on local substation, 341
Sorption TES system for buildings,
385, 388407
performance improvement, 397—
407
absorption, 397-399, 398f
adsorption, 399—400, 400f
prototypes and systems, 400-407,
401t-402t, 4031, 404f, 405f,
406f

working pairs, 392-397
absorption, 393-394, 395t
adsorption, 394, 396-397, 396f, 397f
ESD, comparison of, 392, 393f
working principle, 385, 388-392
absorption, 385, 388-389, 388f
adsorption, 389-392, 390f, 391f,
392f
Southwest Gas Corporation (SWG),
281
Spherical geometry, models for, 385,
386t-387t
Spinning reserve, 343-344
Squared prediction error, defined, 434
Stack ventilation, 151, 152
Staggered duty cycling, 212
Standalone solid desiccant A/C
technology, 268-269
Standard, IEC, 297
Standard test conditions (STC), 297
Steel boilers, 115
Stefan-Boltzmann equation, 123
Stefan problem, for PCMs, 383, 384
Stephenson, 42
Storage-priority control strategy, 240
Strategy/approach related challenges,
FDD application, 451-452
String inverters, 301
Substation-level challenges and
solutions, ESI
network protectors in systems,
341-342
RE on local substation, 341
Summer 2010 heat wave event, 481,
482
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SunPower, 297
Sunspace, 165-168; see also Passive
cooling
design considerations, 167-168
passive solar heating strategy, 316,
317
performance, 166—167
principle, 165-166
temperature of, 316
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Supervisory control and data
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Supervisory control systems, 133—134
Supervisory controllers; see also
Control strategies
communication protocol, 209-210
components of EMCS, 204-206
design considerations of EMCS,
207-209
functions of ECMS, 206207
Support vector data description
(SVDD) algorithm, 440
Support vector regression (SVR)
models, 440
Surface enhancing heat transfer,
134-135
Switching controls, 309
System(s)
controls, CCHP (case studies),
271-279
sorption TES, 400—407
adsorption TES test facility,
403-404, 405f
closed H,0/CaCl,, 400, 403, 403f
H,O/silica gel, 403, 404f
H,0/13X zeolite, 405, 406f
recent achievements, 400, 401t-402t
solar sorption pilot plant, 406, 406f
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Temperature-modulation control, 229
Temperatures
solar water heating system, 331-332
unglazed collector, 330, 332t
Tennessee Eastman process, 435
TES, see Thermal energy storage (TES)
Thermal comfort, 232, 233
Thermal energy storage (TES)
applications, 348
defined, 348
requirements/benefits, 270-271
sensibility and latency, 348385
air conditioning, 349-358
ceiling board, PCM, 357, 3571, 358
ceilings, PCM, 366, 367

chilled water storage/aquifers,
349-352, 350f, 351f, 352t
CHP and, 370-375, 371f, 372f,
373t, 374f
classification, 348, 349f
floor heating, PCM, 366, 367f
for heating, 358-367
heat pumps and, 367-370, 368f, 369f
hot water tank/aquifers, 358-361,
358f, 360f
integration literature summary,
building with, 375-379,
376t-378t
latent TES with PCMs, 352, 353—
354, 364-365; see also Phase
change materials (PCMs)
materials, 379-383; see also
Materials, for sensible/latent TES
mathematical modeling of storage
system, 383, 384-385, 386t-387t
PCMs, 352-355, 357-358,
364-367; see also Phase change
materials (PCMs)
rock and brick reservoir, 361-364,
362f, 363f
solar shading, PCM for, 354, 355,
356f, 357, 357t
wallboards, PCM, 365, 366f
sorption TES system for buildings,
385, 388-407
performance improvement, 397-407
working pairs, 392-397
working principle, 385, 388-392
Thermal energy storage (TES) systems
active and passive systems, 240243
neural network controls of, 243-246
Thermal losses, 328
Thermally activated cooling systems,
264-269
absorption and vapor-compression
chillers, 265-266, 266t, 267
category, 264
ejector heat pump cycle, 269, 270f
single-effect (1E) absorption cycle,
264-265, 265f
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solid desiccant A/C technology,
268-269
standalone liquid desiccant A/C, 269
Thermal mass, 154, 157
Thermal sensation vote (TSV), 233
Thermocline, 358
Three phase cycle discharging method,
398f, 399
Topping cycle, CCHP systems, 271
Traditional alarm management,
prismatic approach, 425427, 426f
Trane Intelligent Services, 445t
Transfer function, 194, 197f
Transient building envelope energy
analysis, 30-59
conduction transfer function (CTF)
methods, 41-44
finite difference methods, 31-34
frequency-domain regression (FDR)
method, 45-53
interzone temperature profile
estimation (ITPE) techniques,
34-41
response factors, 53—59
Transient System Simulation Program
(TRNSYS) modeling, 364
Triethylene glycol, 107
Trigeneration, defined, 252
TRNSYS, 42, 76, 85
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see also Passive cooling
design considerations, 164—165
performance, 163—164
principle, 162-163
Turbulent kinetic energy, 485
Two-position control system, 198—199
Two-zone controls of carbon-di-oxide,
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Typical Meteorological Year (TMY),
319, 483, 490, 491f, 492
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Unglazed collector, low temperature,
325-326, 330, 332t

Upflow furnace, 111

Urban heat island (UHI) effect,
476477, 4771, 478t
Urbanized weather forecasting model
(uWRF)
building parameters for locations,
486-487, 487t
city scale model, 483, 483f
PLUTO and, 486
SBEM vs., 493, 494f
TMY and, 492
weather outputs, 490, 491f
Utilities, electrical generation systems,
343-345
allocating costs and investment,
344-345
ramp-rates and spinning reserve,
343-344
UWREF, see Urbanized weather
forecasting model (uWRF)
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Vapor-compression chillers, 266, 266t

Variable air volume (VAV), 221, 225

Variable air volume (VAV) systems
and chiller water loops, 127—-133

energy recovery systems, 132—133

Variable air volume (VAV) terminal
boxes, 453

Ventilation, 125

Ventilation air, preheating, see Solar
ventilation air preheating
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Voltage regulation, on electric service
to building with RE, 338f, 339

Voltage stability, of electric grid, 342

w
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Water heating systems, solar, 324-335
active systems, 331, 331f
collectors, types, 324-335, 325f
evacuated tube, 326327
glazed flat plate collectors, 326,
332t
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parabolic-trough collectors,
327-328
unglazed collector, low temperature,
325-326, 330, 332t
costs, 332t, 333, 334-335
efficiency curves, 329, 329f
evacuated tube, 334-335, 334f
materials and components, 329, 330
passive systems, 330
SRCC, 328-329
Water tank, hot water, 358-361, 358f,
360f
Water/ammonia (NH,/H,0), 98
Water/LiBr absorption chillers, 266
Water/lithium-bromide (H20O/LiBr),
98
Water-tube boilers, 115
Wear-and-tear on reactive power
compensation equipment, 340-341,
340f
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(WBDE), 159-160
Whole-building energy models, 76-89
forward modeling methods, 81-86
inverse modeling methods, 77-81
meta-modeling approach, 86—89

Wind-driven natural ventilation, 143,
150-151
Working pairs, sorption TES system,
392-397
absorption, 393-394, 395t
adsorption, 394, 396-397, 396f, 397f
silica gel and water, 394
zeolites and water, 394, 396-397,
396f, 397f
ESD, comparison of, 392, 393f
Working principle, of sorption TES
system, 385, 388392
absorption, 385, 388-389, 388f
adsorption, 389-392, 390f, 391f,
392f
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Wright, Frank Lloyd, 307
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Zeolites, water and, 394, 396-397,
396f, 3971, 405, 406f

Zero-input response, 43

Zion National Park Visitor Center, 152
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