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Absorption chiller, 69
maintenance of, 246
Adjustment
fuel, 109
time of day, 108
time of year, 109
Air
elimination, 17
flow measurements, 227
flow resistance, coils, 233
flow -resistance, filters, 234
leakage in pneumatic systems, 248
resource, 50
systems, 225
Air-cooled condenser fans, 80
Alternate energy sources, 163
AMCA standard test method, 232
Annual energy consumption, 71
Apollo 11, 34
Applied science, 3
Architectural constraints, 33
ASHRAE, 42, 55
Audit, energy, 29, 92, 93, 97, 100
exploratory, 100
ongoing management, 100, 106
use of, 105
Auxiliary devices, 74
Auvailability, energy, 85
Available product, 5

Balancing, 225, 236

Base energy use, 101

Bills, electric, 100

Bio fuels, 44

Block load, 77, 129

BTU per square foot per year, 10
BTUH per square foot, 9

Building automation systems (BAS), 92, 95

Building business management, 241
Building codes, 10, 110, 112, 113
definition of, 112
universal or national, 112, 114

Building design, energy consciousness in, 72

Building environmental system, 68, 77
Building loads, 68

Bulk transportation, 51

Business management, building, 241

Calibration of controllers, 248
Campus chilled water system, 190
Capacity, specific, 68
Capital, 23
Carnot, 21
coefficient of performance, 259
efficiency, 255
principle, 88, 255
Carrier, Willis Haviland, 33
Cascading opportunity, 13
Catagories, end use, 102
Central chilled water plant, 190 .
Central heating, 33
Central processing unit (CPU), 95, 119
CFM per square foot, 9
CMF per ton, 9
Chemical energy, 43
Chilled water, 188
campus system, 190
central plant system, 190
loop (see also Integrated decentralized chilled water
loop), 66, 184, 190
pumping, 71, 80
Clausius statement, 88
Codes 110
building, 110, 112, 113
building, universal, 112, 114
definition, 112
Cocfficient of performance, 88, 257, 261, 265
Carnot, 259
system, 257
thermodynamic, 257
Cogeneration (see also Total energy and Integrated en-
ergy system)
concept, 164
financial feasibility of, 158
oil fired plant, 170
Comfort, 34
Component uses, 102
Compression tank, 185
Compressor control modes, 74
Compressor energy impact, 147
Computer
as a tool, 127
certification of programs, 126
digital, 119, 123
energy analysis program, 132
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Computer (Continued)

systems analysis programs, 137

technology, 34

technology misused, 125

time sharing, 123, 136, 139

uses of, 123

utility rate programs, 139
Computerized energy calculations, 127
Conceptual approach, 6
Condensor water pumps, 71, 80
Consensus standards, 116
Conservation, energy, 93, 94
Consumer concerns, 251
Continuity of methods, 5
Control heat, 98
Control of two phase systems, 220
Central power, 80
Controllers, calibration of, 248
Conventional methods of preheating outdoor air, 211
Conversion efficiency, 262
Cooling coil pressure drop, 233
Cooling and heating auxiliary energy; 99, 102
Cooling load comparisons, 68
Cooling tower fans, 71, 80
Cost

benefit, 29

energy and power, 152

investment, 152

life cycle, 147, 149, 150

maintenance/service, 153

of generating electricity, 159, 161

operating, 152
Creating a load, 169
Creativity, S

Damper leakage, 248
Definition of energy, 43, 47
Demand, 107
Demand and commodity rate, 108
Design
complexity, 14
details, 18
development, 7
guidelines for system balance, 237
parameters, 7, 72, 135
philosophy, 5
process, 5
professional, 27, 30
simplicity, 14
Designing for reliability, 249
Detailed load calculations, 73
Details of design, 18
Devices, energy conservation, 74
Diesel cycle, 22
Digital computers (see also Computers), 119, 123
Diminishing returns, 41
Direct expansion system (liquid line), 223
Distribution system, high level, 77, 128
Distribution system, low level, 77, 128
Domestic hot water energy, 98, 104
Double bundie heat pump, 72
Double duct system, 72

Drain traps, 19

Dual stream systems, 72

Duct design, 227

Durability, 253

Dynamic load calculations, 136

Ecologically recyclable, 50
Economic system, 23
Economics
cascading opportunity, 13
definition of, 61
energy, 26, 47, 59, 66, 72, 74, 76, 94
mass production, 13
monetary, 61, 63
risk, 13
Economizer, 73
Education, 23, 25, 28
Efficiency
conversion, 262
system, 257, 258
thermal, 88
thermodynamic, 257, 258
Electric
bills, 100
energy profile, 86, 101
load profile, 173
rates, 107, 108, 109
Electrical energy, 43
Electromagnetic wave, 51
End use catogories, 102
Energy :
analysis program requirements, 132
audit, 29, 92, 93, 97, 100
availability, 85
consciousness in building design, 72
conservation, 93, 94
constant, 78
cost of, 152
consumption per capita, 37, 69
conversion, 43
cycle, 85
definition of, 43, 47
economics, 20, 47, 59, 66, 72, 74, 76, 94
effectiveness, 167
Effectiveness factor (Ee), 261
fan, 98, 102, 226
flow in building systems, 128
forms, 43, 165
fossil, 85
functions, 78, 81
hypothesis, the, 61, 63
increase in consumption, 242
industry, 36
lighting, 99, 102
local nature of, 113
management, 29, 91, 93, 94
motivating, 129
penalty, 226
primary, 226
problem, 21
p'rocess, 236, 248
product, 29, 236



profile, 100
electric, 86, 101
thermal, 101, 104
refrigeration compressor, 99, 104
resource, 163
consumption, 4
limitations, 41
retrofit, 106
revolution, 41
sink, 85
source, 74
parameters, 74, 165
systems 163
transport systems, 183
transportation, 51
unique commodity, 49
units, 44, 45
use forms, 165
utilization evaluation effectiveness, 255
Energy plant, integrated (see also cogeneration and total
energy), 158, 160
Engine, heat, 88
Engineering
essence of, 4
fee structures, 39
philosophy, 1
value, 16
Entropy, 21
Equipment selection, optimum, 142
Equivalent straight payback, 146
Evaluation functions, 9, 76
Evaporator drain trap, 18
Expansion tank, 185
Exploratory audit, 100

Fads, 12, 13, 83
Failure maintenance, 245
Fan, 225

curve, 227, 230

energy, 98, 102, 226

inlet vanes, 231, 233

laws, 231

power, 226

test methods, 230
Feasibility study, 106
Fenestration, 69
Filter air flow resistance, 234
Financial

considerations, 145

framework, 91

feasibility of cogeneration, 158

viability of building venture, 145
Finite source, 53
First law analysis, 130
Flow rate analysis, 73

. Fluid systems, thermal, 183

Fossil, fuel, 44
Free steam, 167
Fuel, 44

adjustment, 91, 109

rate, 261
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Functions
energy, 81
evaluation, 9, 76
power, 78 ]
Fundamental components concept, 16

GPM per MBTUH, 9
GPM per ton, 9
Gross National Product (GNP), 35,37, 69

Handbook, 5
Health care facilities, 34
Head pressure sensitivity, 222
Heat
balance, 175
collection, solar, 184
control, 98
dissipation systems, 177
distribution diagram, 175
energy, 43
engine, 88
pipe, 217
rate, 261
reclaim wheels, 74
recovery systems, 174, 217
space, 98, 104
utilization systems, 175
Heat/cool/ off systems, 72
Heat-of-light systems, 74
Heat pump, “double bundle,” 74
Heat pump, water source, 74
Hidden demand rate, 108
High level distribution system, 77, 129
High level source system, 77, 128
High pressure air distribution, 71, 72, 73
Hot water energy, domestic, 98, 104
Hours-of-use rate, 108
Humidity control, 72
Hydronic systems, 15, 16, 17, 73, 185
air elimination in, 17
design rules for simplicity, 15
fundamental components, 16
load control of, 186
secondary pumping, 187

Idustrial Revolution, 31, 41, 59
Infinite sink, 85
Infinite source, 53, 62
Initial system adjustments, 237
Inlet vanes, 231, 233
Integrated decentralized chilled water system, 66, 184,
190
benefits of, 197, 208
case history study, 198
energy requirements, 208
load analysis, 202
loop analysis, 203
loop capacity, 195, 206
loop temperature decrement, 194
machine operating hours, 208
monitoring systems, 210
pipe sizing, 195, 206
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Integrated energy plant (see also congeneration and total  Optimum equipment selection, 142

energy), 158, 160, 170
Invested capital, maximum use of, 109
Investment costs, 152
Investment optimization, 146, 149, 151
Iterative analysis, 84

Kelvin-Planck statement, 88

KW per ton, 10 )

KW-hr per square foot per year, 10
KW-hr per ton-hour, 10

Laundry list, 92, 97
Law of supply and demand, 163
Life cycle costing, 147, 149, 150
Life expectancy of machinery 149
Lighting

energy, 99, 102

levels, 68

power density, 68
Liquid slugging 223
Load, 9

building, 68

calculations, dynamic, 136

control, 183

energy, 77, 128

factor, 107
Programs, heating and cooling, 135
Log mean temperature difference (LMTD), 219
Low level distribution system, 77, 129
Low level source system, 77

Main air leakage, 248
Maintainability, 253
Maintenance
instructions, 254
management, 241
planned, 245, 250
preventive, 245
total energy systems, 246
Maintenance/service costs, 153
Management, 91
audit, ongoing, 100
community, 94
energy, 29, 91, 93
Mass produced systems, 83
Mass production, 83, 119

Minimum requirements of energy analysis program, 132

Monetary
economics, 61, 63
standards, 115
Motivating energy, 129
Myth of free stream, 167

New Science, 59

New technology, 21
Norm, comparisen to, 10
Normalization, 101

" Obsolescence, 149

Oil fired integrated energy plant, 170
Ongoing monitoring, 237

Opera{ihg costs, 152

Operating schedules, 73

Otto cycle, 22
Oversize, system, 73
Owning costs, 147

Parasitic loads, 74
Part load analysis, 73
Performance, reduction in, 97
Philosophy

design, 5

engineering, 1

system, 6
Pipeline flow, 51
Plato, 24
Planned maintenance, 245, 250
Pollution, 41
Potential energy, 43
Power, 10, 44, 107

and energy, costs of, 152

dimensions, 85

fan, 226

functions, 78

impact, 147
Power factor charges, 108
Preheating outdoor air, 211
Pressure drop, cooling ceil, 233
Preventive maintenance, 245
Primary conversion machinery, 73
Primary energy, 226
Prime mover selection, 172
Process energy, 236, 248
Product energy, 29, 236
Product orientation, 5
Product quality, 252
Profile, energy, 29, 100

electric, 100 ‘

thermal, 101, 104
Pumping horsepower, 73
Pumping, secondary, 187
Purchased gas adjustment, 91
Pure science, 3

Quality, product, 252

Ranking cycle, 22, 164, 255
Rates, electric, 107
consumption, 107
demand, 107
demand and commodity, 108
demand with ratchet, 108
hidden demand, 108
hours of use, 108
load factor, 107
power, 107
power factor charges, 108
time of day adjustments, 108
time of year adjustments, 109
Rationing, energy, 94
Real building requirements, 73
Reduced load characteristics, 131, 171
Reduction in performance, 97
Refrigeration
auxiliaries, 69



Refrigeration (Continued)

compressor energy, 99, 104

plants, 32

system drives, 80

system, fundamental components, 16
Redundant machinery, 250
Regionalism, 81
Regression and curve-fit programs, 139
Reheat system, 72
Reliability, 16, 243, 253

designing for, 249
Reset control, improper adjustment, 248
Resource energy, 163
Resource Impact Factor (RIF), 57
Resource Utilization Factor (RUF), 56
Retrofit, 27
Return on Investment (ROI), 150
Return pipe sizing, steam, 221
Rolla study, 66, 72
Rule of thumb, 9

Science
applied, 3
pure, 3

Second law (of thermodynamics), 8, 21, 34, 88

Secondary pumping, 187
Section 12, 57, 69
Service/maintenance costs, 153
Serviceability, 253
Simplicity in design, 75
Single phase systems, 73
Single phase transport, 51
Size increments, machinery, 73
Solar energy, heat collection, 184
Source systems, energy, 163
Space heat, 98, 104
Specific capacity, 68
building cooling load, 78
building energy, 71, 74, 75
building heating load, 78
building load, 72
electrical energy, 78
electrical power, 78
lighting levels, 68
system cooling load, 78
system energy, 69, 73
system heating load, 78
system power, 69
thermal energy, 78
thermal power, 78, 81
Square feet per ton, 9
~_Standards, 110, 115
ASHRAE 90, 55, 61
consensus, [16
definition 110
dimensional, 115, 117
for testing and rating, 117
monetary, 115
safety, 117
Steam systems, 219
control of, 220
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Steam systems ( Continued)
fundamental componeﬁts; 16, 220
return pipe sizing, 221
Summary specific building energy, 72, 78
Sunbelt, 35
Supply and demand, law of, 163
System
balance, 236, 237
coefficient of performance, 257
efficiency, 257
orientation, 5
oversize, 73
philosophy, 6
temperature differentials, 73
Systeme International d’ Unites (SI), 115

Temperature
differentials, system, 73
finite difference, 22
Terminal control system, 77, 129
Terminal delivery system, 77, 129
Thermal balance of vapor compression cycle, 260
Thermal effectiveness, 259
Thermal efficiency, 88, 256, 257, 261
system, 257 ’
thermodynamic, 257
Thermal energy profile, 101, 104
Thermal fluid systems, 183
Thermal load profile, 173
Thermal storage, 22
Thermostatic expansion value (unstable operation), 222
Time of day adjustments, 108
Time of year adjustments, 109
Total energy systems (see also cogeneration and in-
tegrated energy systems),74, 170, 181
failure of, 181
maintenance of, 246
Training, 23
Transfer fluid systems, 211
Trend, 12, 23
Two-phase systems, 219
control of, 220
fundamental components, 220
return pipe sizing, 220
vapor lock in, 222
Two-phase transport, 51

Unique commodity, 49
Units, energy, 44, 45
Universality, 83

Utility rate programs, 139

Value engineering, 16
Vapor compression cycle, 255
thermal balance, 260
Volumetric efficiency (architectural), 12

Water flow resistance impacts, 147
Water resources, 50

Water source heat pump, 74

Zeroth law of thermodynamics, 256






