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REFACE

 

We release this fifth edition of 

 

Residential Energy

 

 at a time of great transition in the field of energy 
efficiency. Since we first produced this book, we have updated each subsequent edition with the best 
new practices for the design, construction, and operation of energy-efficient homes. But as this edition 
goes to print, another important shift has taken place: energy conservation has again become 
mainstream, and for several good reasons.
Chief among these is the real threat of global climate change. Since our consumption of fossil fuels is 
the most likely culprit, we can no longer view energy waste in our buildings as a simple personal 
choice. In the U.S. and Canada, for example, the energy consumption of our buildings accounts for at 
least 40 percent of our total energy use, with about half of that attributed to residential structures. 
Every year, the energy consumed by each of those typical homes is responsible for the release of at least 
20,000 pounds of carbon dioxide, a potent greenhouse gas that contributes to climate change. By 
utilizing the tried-and-true conservation solutions presented in this book, we can substantially lighten 
our impact on the planet.
Of equal importance for each of us is the increasing cost of all types of energy. It was only a few years 
ago that we expected energy-efficiency improvements to produce savings of 10 to 30 percent in the 
typical home. Today we’ve set our goals much more optimistically, and we now envision, design, and 
build homes with the goal of reducing their consumption by 70 to 90 percent compared to homes built 
a generation ago. No longer do we accept the incremental approach of installing a few energy-saving 
gadgets. We have now expanded our focus to include the deep energy reductions that are the hallmark 
of today’s best energy-efficiency projects.
Everyone who owns a home is also vulnerable to today’s unstable financial markets. Fortunately, each 
dollar we spend on efficiency upgrades adds to the value of our dwellings. The most immediate impact 
is in reduced utility consumption, with the annual return on conservation improvements ranging from 
10 to 50 percent annually. Efficient homes are also worth more at the time of resale – it is increasingly 
hard to sell out-of-date homes whose owners are burdened with high utility costs. And money spent on 
conservation improvements tends to stay within local communities. The best economic development 
program for your town may be to spend your money on energy efficiency projects.
We hope this book provides useful guidance as you strive to improve the buildings you work with. We 
thank you for your commitment to improving our housing stock. Your efforts are important to all of 
us.

– Chris Dorsi, May 2009



 

Residential Energy 9

Copyright 2009 by Saturn Resource Management. Inc. 

 

C

 

ONTENTS

 

Introduction 13

 

Energy – Past and Present  . . . . . . . . . . . . . . . . . 13
The Energy Picture Today  . . . . . . . . . . . . . . . . 13
Energy Sources Compared  . . . . . . . . . . . . . . . 14
Understanding Home Energy Usage . . . . . . 15

Wise Energy Use  . . . . . . . . . . . . . . . . . . . . . . . . . . 16
Potential for Energy Conservation  . . . . . . . . 17
Cost-effectiveness of retrofits . . . . . . . . . . . . . 19
Priorities for Energy Efficiency  . . . . . . . . . . . . 19
An Energy Audit’s Purpose  . . . . . . . . . . . . . . . 19
Quality Assurance Inspection . . . . . . . . . . . . . 20
The Energy Professional’s Mission. . . . . . . . . 20

Energy and the Consumer . . . . . . . . . . . . . . . . . 21
Consumer Education . . . . . . . . . . . . . . . . . . . . . 21
Utility Bills  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Energy-Efficiency Ratings of Buildings  . . . . . 24
Short-Term Energy Monitoring  . . . . . . . . . . . 24
Calculating Energy Intensity . . . . . . . . . . . . . . 24
Home Energy Rating Systems. . . . . . . . . . . . . 25
Cost-Effectiveness of Energy Retrofits . . . . . 25

 

1: Principles of Energy 27

 

What is Energy? . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Laws of Thermodynamics  . . . . . . . . . . . . . . . . 27
Temperature and Heat  . . . . . . . . . . . . . . . . . . . 28
Sensible and Latent Heat . . . . . . . . . . . . . . . . . 28
Heat and Work . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Energy Versus Power . . . . . . . . . . . . . . . . . . . . . 30
Pressure Versus Flow . . . . . . . . . . . . . . . . . . . . . 31

Energy Transformation and Heat Flow  . . . . . 31
Energy Transformation . . . . . . . . . . . . . . . . . . . 31
Energy Transport. . . . . . . . . . . . . . . . . . . . . . . . . 31
Types of Heat Flow . . . . . . . . . . . . . . . . . . . . . . . 32

Energy, Comfort, Climate . . . . . . . . . . . . . . . . . . 36
Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Humidity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

Converting Energy for Home Use . . . . . . . . . . 37
Combustion Heating . . . . . . . . . . . . . . . . . . . . . 38
Electric Resistance Heating . . . . . . . . . . . . . . . 38
The Refrigeration Cycle. . . . . . . . . . . . . . . . . . . 38
Lighting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

Electric Circuits and Devices . . . . . . . . . . . . . . . 39
Electrical Principles. . . . . . . . . . . . . . . . . . . . . . . 40
Series Versus Parallel Circuits . . . . . . . . . . . . . 40

Control Circuits  . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Transformers and Power Supplies. . . . . . . . . 41
Solenoids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
Temperature-sensitive Elements. . . . . . . . . . 42
Variable Resistors  . . . . . . . . . . . . . . . . . . . . . . . . 43
Electronic Sensing and Control Devices . . . 43

Home Electrical Wiring  . . . . . . . . . . . . . . . . . . . . 44
Service Equipment . . . . . . . . . . . . . . . . . . . . . . . 44
Branch and Appliance Circuits . . . . . . . . . . . . 45
Grounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

 

2: Energy and the Building Shell 49

 

Building Construction . . . . . . . . . . . . . . . . . . . . . 50
Structural Design. . . . . . . . . . . . . . . . . . . . . . . . . 51
Single-family Home Construction . . . . . . . . . 51
Mobile Home Construction . . . . . . . . . . . . . . . 53
Multifamily Building Construction  . . . . . . . . 55

Building-Shell Heat Flow  . . . . . . . . . . . . . . . . . . 56
Heat Transmission. . . . . . . . . . . . . . . . . . . . . . . . 57
Air Leakage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Fenestration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

Building Inspection and Diagnosis . . . . . . . . . 60
Defining the Thermal Boundary  . . . . . . . . . . 60
Visual Inspection . . . . . . . . . . . . . . . . . . . . . . . . . 63
Building Diagnostic Procedures. . . . . . . . . . . 64
Calculating Building Heat Flows  . . . . . . . . . . 65
Calculating Heating Load. . . . . . . . . . . . . . . . . 66
Calculating With Computer Programs. . . . . 71



 

10

 

Contents

Copyright 2009 by Saturn Resource Management. Inc. 

 

3: Air Leakage 73

 

Air-Sealing Principles . . . . . . . . . . . . . . . . . . . . . . 74
Air Pressure and Flow. . . . . . . . . . . . . . . . . . . . . 75
Pressures Driving Air Leakage. . . . . . . . . . . . . 76

Blower-Door Testing  . . . . . . . . . . . . . . . . . . . . . . 78
Preparation and Set-up . . . . . . . . . . . . . . . . . . . 78
Blower-door Measurements  . . . . . . . . . . . . . . 79
Minimum Ventilation Requirement (MVR) . 79
Air-sealing Economic Limits. . . . . . . . . . . . . . . 80
House-pressure Limits . . . . . . . . . . . . . . . . . . . . 81

Finding Air Leaks . . . . . . . . . . . . . . . . . . . . . . . . . . 82
Simple Air-leakage Diagnostic Methods . . . 83
Advanced Air-leakage Diagnostics . . . . . . . . 84
Tracer-gas testing . . . . . . . . . . . . . . . . . . . . . . . . 86
Infrared Scanners. . . . . . . . . . . . . . . . . . . . . . . . . 86

Duct Air Leakage . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Duct-testing Strategies . . . . . . . . . . . . . . . . . . . 88

Construction Flaws and Air Leakage  . . . . . . . 90
Single-family Structural Leakage Sites . . . . . 90
Multifamily Buildings — Air Leakage . . . . . . 94

Air-Sealing Methods and Materials . . . . . . . . . 96
Air-sealing Strategy  . . . . . . . . . . . . . . . . . . . . . . 96
Air-sealing Materials and Application  . . . . . 97

 

4: Insulation 101

 

Insulation Characteristics . . . . . . . . . . . . . . . . . 101
Insulation Thermal Performance factors . . 102

Insulation Types . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Fiberglass and Mineral Wool . . . . . . . . . . . . . 105
Blown Cellulose . . . . . . . . . . . . . . . . . . . . . . . . . 107
Vermiculite and Perlite  . . . . . . . . . . . . . . . . . . 108
Plastic Foam Panels  . . . . . . . . . . . . . . . . . . . . . 108
Foam Insulation: Sprayed and Injected . . . 109

Facings and Barriers . . . . . . . . . . . . . . . . . . . . . . 110
Weather-resistant Barriers  . . . . . . . . . . . . . . . 110
Air Barriers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
Vapor Retarders and Vapor Barriers  . . . . . . 111
Fire Barriers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

Retrofitting Insulation  . . . . . . . . . . . . . . . . . . . . 112
Where to Insulate  . . . . . . . . . . . . . . . . . . . . . . . 112
Blowing Loose-fill Insulation . . . . . . . . . . . . . 112
Sprayed and Injected Insulation. . . . . . . . . . 114
Basement and Crawl Space Insulation. . . . 116
Floor Insulation  . . . . . . . . . . . . . . . . . . . . . . . . . 117

Insulation in New Construction  . . . . . . . . . . . 118
Improved Framing  . . . . . . . . . . . . . . . . . . . . . . 118
Structural Insulated Panels (SIPS)  . . . . . . . . 119
High-mass Wall Systems . . . . . . . . . . . . . . . . . 120

 

5: Windows and Doors 121

 

Window Characteristics . . . . . . . . . . . . . . . . . . . 121
Window Research, Testing, and Rating . . . 122
Thermal Transmittance (U-factor) . . . . . . . . 122
Solar and Optical Characteristics . . . . . . . . . 123
Air Leakage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
Resistance to Condensation  . . . . . . . . . . . . . 125

Window Structure . . . . . . . . . . . . . . . . . . . . . . . . 126
Sash Operation and Frame Type . . . . . . . . . 126
Glass Characteristics and Assemblies . . . . . 127

Selecting New Windows . . . . . . . . . . . . . . . . . . 127
Window Replacement . . . . . . . . . . . . . . . . . . . 128

Window Treatments . . . . . . . . . . . . . . . . . . . . . . 130
Exterior Storm Windows . . . . . . . . . . . . . . . . . 130
Interior Storm Windows  . . . . . . . . . . . . . . . . . 131
Insulating Shades and Draperies . . . . . . . . . 132
Wooden Double-hung Window 
Weatherstripping  . . . . . . . . . . . . . . . . . . . . . . . 132

Doors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
Door Components  . . . . . . . . . . . . . . . . . . . . . . 133
Door Types. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
Storm Doors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
Door Weatherstrips. . . . . . . . . . . . . . . . . . . . . . 135

 

6: Heating 137

 

Combustion Heating Basics . . . . . . . . . . . . . . . 138
The Combustion Process  . . . . . . . . . . . . . . . . 138
Burners  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
Draft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
Chimneys, Liners, and Vents . . . . . . . . . . . . . 141
Types of Efficiency. . . . . . . . . . . . . . . . . . . . . . . 144
Combustion Heating System Energy Loss 145

Combustion Safety and Efficiency . . . . . . . . . 146
Combustion-safety Issues. . . . . . . . . . . . . . . . 146
Flue-gas Testing. . . . . . . . . . . . . . . . . . . . . . . . . 150
Oil Heating Service . . . . . . . . . . . . . . . . . . . . . . 150
Gas Heating Professional Service. . . . . . . . . 152



 

Residential Energy 11

Copyright 2009 by Saturn Resource Management. Inc. 

 

Heating Comfort Controls  . . . . . . . . . . . . . . . . 154
Thermostats  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
Controlling Cycle Length . . . . . . . . . . . . . . . . 155
Circulator Controls . . . . . . . . . . . . . . . . . . . . . . 156

Forced-Air Systems . . . . . . . . . . . . . . . . . . . . . . . 156
Duct Sealing and Insulation  . . . . . . . . . . . . . 159
Duct Airflow Problems  . . . . . . . . . . . . . . . . . . 160

Hot-Water and Steam-Heating Systems . . . 160
Boilers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
Hydronic Heat Pumps . . . . . . . . . . . . . . . . . . . 162
Hot-water Distribution Systems. . . . . . . . . . 162
Steam Distribution Systems  . . . . . . . . . . . . . 167
Water Treatment for Boilers  . . . . . . . . . . . . . 169

New Energy-Efficient Combustion Furnaces and 
Boilers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

Energy-efficient Oil Furnaces and Boilers . 171
Energy-efficient Gas Systems . . . . . . . . . . . . 171
Integrated Heating Systems . . . . . . . . . . . . . 173

Combustion Room Heaters . . . . . . . . . . . . . . . 173
Gas Room Heaters. . . . . . . . . . . . . . . . . . . . . . . 173
New Efficient Gas Room Heaters . . . . . . . . . 173
Unvented Gas Room Heaters . . . . . . . . . . . . 174
Gas Fireplaces. . . . . . . . . . . . . . . . . . . . . . . . . . . 174
Wood Stoves. . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
Pellet Stoves . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175

Electric Heat  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176
Electric Furnaces . . . . . . . . . . . . . . . . . . . . . . . . 176
Electric Heat Pumps . . . . . . . . . . . . . . . . . . . . . 177
Baseboard Electric Heaters  . . . . . . . . . . . . . . 179
Electric Radiant Heat . . . . . . . . . . . . . . . . . . . . 179
Electric Thermal Storage. . . . . . . . . . . . . . . . . 180
Electric Room Heaters . . . . . . . . . . . . . . . . . . . 180

 

7: Lighting and Appliances 183

 

Lighting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
Efficacy (efficiency) . . . . . . . . . . . . . . . . . . . . . . 183
Illumination. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
Lighting Uses  . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
Lighting Color. . . . . . . . . . . . . . . . . . . . . . . . . . . 184
Light Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
Types of Lighting. . . . . . . . . . . . . . . . . . . . . . . . 185
Lighting Energy Efficiency . . . . . . . . . . . . . . . 188
Optimization of Lighting  . . . . . . . . . . . . . . . . 191

Appliances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
Dishwashers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
Clothes Washers  . . . . . . . . . . . . . . . . . . . . . . . . 192
Clothes Dryers  . . . . . . . . . . . . . . . . . . . . . . . . . . 193
Refrigerators and Freezers . . . . . . . . . . . . . . . 193

Pools and Spas . . . . . . . . . . . . . . . . . . . . . . . . . . . 195

 

8: Cooling 197

 

Summer Comfort Principles  . . . . . . . . . . . . . . 197
Heat Gain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
Reflectivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
Cooling with Landscaping . . . . . . . . . . . . . . . 200
Shading Windows. . . . . . . . . . . . . . . . . . . . . . . 201
Conservation Measures for Roofs . . . . . . . . 203
Internal Heat . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
Air Leakage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
Transmission. . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

Cooling with Ventilation . . . . . . . . . . . . . . . . . . 205
Natural Ventilation . . . . . . . . . . . . . . . . . . . . . . 206
Fan-powered Ventilation . . . . . . . . . . . . . . . . 206
Attic Ventilation. . . . . . . . . . . . . . . . . . . . . . . . . 206

Air Movement  . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
Evaporative Coolers . . . . . . . . . . . . . . . . . . . . . . 207

Evaporative Cooler Operation  . . . . . . . . . . . 207
Routine Maintenance  . . . . . . . . . . . . . . . . . . . 208

Air Conditioners . . . . . . . . . . . . . . . . . . . . . . . . . . 208
Types of Air Conditioners . . . . . . . . . . . . . . . . 208
Air-conditioner Efficiency. . . . . . . . . . . . . . . . 210
New Energy-efficient Air Conditioners  . . . 210
Sizing and Selecting Air Conditioners . . . . 211
Air Conditioner Installation . . . . . . . . . . . . . . 212
Thermostatic Control of Air Conditioners 213
Airflow and Performance in Central Air 
Conditioners . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
Sealing Leaky Ducts . . . . . . . . . . . . . . . . . . . . . 215
Refrigerant Charge . . . . . . . . . . . . . . . . . . . . . . 215
Maintenance and Service . . . . . . . . . . . . . . . . 216
Professional Service and Commissioning. 216

 

9: Water Heating 219

 

Water-heating Energy Use. . . . . . . . . . . . . . . 219
Water-heating Capacity  . . . . . . . . . . . . . . . . . 219
Water-heating Efficiency  . . . . . . . . . . . . . . . . 220
Water-heater Design Types . . . . . . . . . . . . . . 221



 

12

 

Contents

Copyright 2009 by Saturn Resource Management. Inc. 

 

Storage Water Heaters . . . . . . . . . . . . . . . . . . . . 221
Gas Storage Water Heaters  . . . . . . . . . . . . . . 222
Oil-fired Storage Water Heaters . . . . . . . . . . 222
Electric Storage Water Heaters . . . . . . . . . . . 222
Combustion Water Heater Safety  . . . . . . . . 223
Improved Combustion Water Heaters . . . . 223

Alternatives to Storage Water Heaters . . . . . 225
Tankless Water Heaters . . . . . . . . . . . . . . . . . . 225
Water Heating Integrated with Space 
Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226
Solar Water Heaters  . . . . . . . . . . . . . . . . . . . . . 227

Increasing Water-Heating Efficiency . . . . . . . 227
Fixing Leaks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
Flow Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
Tank Insulation . . . . . . . . . . . . . . . . . . . . . . . . . . 228
Heat Traps  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
Automatic Controls. . . . . . . . . . . . . . . . . . . . . . 230
Pipe Insulation . . . . . . . . . . . . . . . . . . . . . . . . . . 230

Maintenance and Operation . . . . . . . . . . . . . . 231
Setting Hot Water Temperature. . . . . . . . . . 231
Preventing Tank Corrosion  . . . . . . . . . . . . . . 232
Removing Sediment. . . . . . . . . . . . . . . . . . . . . 232

 

10: Health and Safety 235

 

Indoor Pollutants . . . . . . . . . . . . . . . . . . . . . . . . . 235
Combustion By-products . . . . . . . . . . . . . . . . 235
Radon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Biological Particles  . . . . . . . . . . . . . . . . . . . . . . 238
Asbestos and Fiberglass . . . . . . . . . . . . . . . . . 239

Moisture Management  . . . . . . . . . . . . . . . . . . . 239
Moisture Movement through Buildings  . . 239
Water Vapor and Humidity  . . . . . . . . . . . . . . 241
Preventing Moisture Problems. . . . . . . . . . . 243
Ventilating Attics and Crawl Spaces . . . . . . 244

Whole-House Mechanical Ventilation  . . . . . 244
ASHRAE Ventilation Standards . . . . . . . . . . . 245
Exhaust Ventilation. . . . . . . . . . . . . . . . . . . . . . 246
Supply Ventilation. . . . . . . . . . . . . . . . . . . . . . . 246
Balanced Ventilation Systems. . . . . . . . . . . . 247
Heat and Energy Recovery Ventilators. . . . 247

Air Conditioners and Dehumidifiers . . . . . . . 249
Pollutant Control Strategies  . . . . . . . . . . . . . . 250

 

Appendices 251

 

Glossary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
Energy Related Formulas . . . . . . . . . . . . . . . . 263
Geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267
Conversion Factors . . . . . . . . . . . . . . . . . . . . . . 268
Conversion Charts . . . . . . . . . . . . . . . . . . . . . . . 270
Analyzing Annual Energy Costs . . . . . . . . . . 271
Materials/Building Assembly R-Values. . . . 272
Water Vapor Permeability  . . . . . . . . . . . . . . . 275
Climatic Data for U.S. Cities . . . . . . . . . . . . . . 276
Solar Radiative Properties for Materials. . . 283
Equalized Heating Energy Cost Chart. . . . . 284
Embodied Energy of Building Materials  . . 285
Minimum Ventilation Requirement (62-1989)  

286
Air-Sealing Economic Limits  . . . . . . . . . . . . . 287
Air Leakage at Various House Pressures  . . 288
Characteristics of Air-Sealing Materials . . . 289
Deciphering Common Pressures . . . . . . . . . 290
Characteristics of Lighting Systems  . . . . . . 291
Insulation Characteristics . . . . . . . . . . . . . . . . 292
Household Appliance Electrical Usage  . . . 294
Household Moisture Sources  . . . . . . . . . . . . 295
Psychrometrics . . . . . . . . . . . . . . . . . . . . . . . . . . 296
Indoor Air Pollutants  . . . . . . . . . . . . . . . . . . . . 298
Commissioning Air Conditioners and Heat 
Pumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300
Energy-Efficiency Organizations  . . . . . . . . . 301
Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304

 

Index 307



 

13

Copyright 2009 by Saturn Resource Management. Inc. 

 

I

 

NTRODUCTION

 

This chapter provides a general overview of resi-
dential energy use. It presents history, statistics, 
policy, energy-bill analysis, customer education, 
and energy-efficiency ratings.

 

Energy – Past and 

 

Present 

 

Cultures around the world have used energy con-
servation principles and passive solar technolo-
gies for centuries. For instance, some Native 
American communities maximized winter heat-
ing by orienting their dwellings and villages to the 
south. Middle East natives used wind chimneys, 
whitewashed walls and roofs, and window shad-
ing for cooling.

Before the industrial revolution, residential heat 
was provide by wood fires. Artificial light was 
provided by candles and oil or gas lamps.

A little over 100 years ago, things began to change 
rapidly. In the early 1880s, Thomas Edison 
invented the incandescent light and built the 
world’s first power station. By 1908, 8% of Ameri-
can homes had electricity. By 1925, 53% of homes 
were connected to the country’s expanding elec-
trical grid. By the 1930s, natural gas began to 
compete with wood and coal as a heating fuel. 
Today, natural gas provides over 50% of the 
energy used in residential buildings.

Over the past 50 years, Americans have embraced 
air conditioning, replacing earlier attempts at 
low-energy cooling. Evaporative coolers appeared 
in the 1920s and window air conditioners in the 
1940s. Central air conditioning followed in the 
1950s. Today, around 70% of existing homes and 
80% of new homes have air conditioners. Televi-
sions, stereos, computers, swimming pools, spas, 
and all types of electric gadgets make American 
homes the most energy consumptive in the world.

 

The Energy Picture Today

 

The United States represents about 5% of the 
world’s population. Yet it consumes 25% of the 
world’s energy supplies. Energy is a principal 
commodity of our society, amounting to about 
9% of the U.S. Gross National Product (GNP).

The benefits we receive from this consumption 
are counterbalanced by environmental damage. 
With the exception of some renewable resources, 
energy consumption inevitably produces harm-
ful by-products such as carbon dioxide, acid rain, 
and radioactive waste. Carbon dioxide is the most 
important cause of global warming, which is now 
an international problem and urgent priority.

Most scientists now agree that our unbridled 
energy use is warming the atmosphere through a 
process called the greenhouse effect. Gases, like 
carbon dioxide, that contribute to the greenhouse 
effect are called greenhouse gases. Recent climate 
changes, increasing forest fires, record high tem-
peratures, and other weather events, confirm that 
the earth is indeed warming. Unfortunately, U.S. 
greenhouse gas production increased by 16% 
between 1990 and 2000.

 

Home Types and Average Energy Costs

 

This chart summarizes EIA data for 105 million U.S. 
households.

Mobile homes: 6%
Heat: $224 26%
A/C: $94 11%
Base: $531 63%
Total: $849 100%

Source: EIA 1997

Multifa
mily: 21%

Heat: $482 32%
A/C: $150 10%
Base: $862 58%
Total: $1492 100%

Heat: $357 30%
A/C: $175 14%
Base: $674 56%
Total: $1206 100%

Single-family: 73%

Annual
Energy Expense
per Square Foot

Single family: $0.81
Multifamily: $1.00
Mobile Home: $1.27
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Energy consumption also produces undesirable 
economic side effects. The U.S. imported 55% of 
the oil it used in 2001, making oil our largest 
import. Importing oil creates about 25% ($15 bil-
lion) of our annual balance-of-trade deficit of 
over $60 billion per year. Our foreign oil depen-
dence dominates our foreign policy and has pre-
cipitated expensive military intervention. Energy 
conservation can help reduce this reliance on fos-
sil fuels.

 

Energy Sources Compared

 

Fossil energy is solar energy stored in ancient 
plant and animal remains. Fossil fuels, such as 
coal, oil, and natural gas, are very convenient to 
use and account for over 95% of energy used in 
homes. Supplies of fossil energy are limited and 
nonrenewable. Fossil fuels produce carbon diox-

ide — the main cause of global warming — and 
other air pollutants, which are a major worldwide 
cause of respiratory disease, environmental sensi-
tivities, and neurological disorders.

Nuclear electricity harnesses energy released by 
the splitting of atoms and releases no carbon 
dioxide. At one time, experts predicted that 
nuclear electricity would become the world’s 
cleanest and cheapest energy source — a predic-
tion that has not yet materialized. Nuclear elec-
tricity is expensive, requiring large government 
subsidies. The nuclear industry’s radioactive 
waste disposal process is a grave environmental, 
economic, socioeconomic, and political problem.

Renewable energy is the same as solar energy, and 
includes wind power, direct solar energy, and bio-
mass energy. As fossil-fuel supplies dwindle, 
renewable energy is becoming more widely used. 
The advantages of renewable energy are safety, 
environmental quality, and sustainability. 

Energy efficiency and energy conservation must 
bridge the gap between the present fossil-fuel era 
and the future renewable-energy era. If high stan-
dards of residential comfort and convenience are 
to endure, energy efficiency and energy conserva-
tion must precede and support the implementa-
tion of renewable energy systems.

 

Annual Average Household Energy Cost by Region (1997)

Northeast Midwest South West

$/yr % $/yr % $/yr % $/yr %

Space heating

 

$689 39% $575 39% $329 23% $253 22%

 

Space cooling

 

$78 4% $85 6% $211 15% $134 12%

 

Water heating

 

$244 14% $188 13% $213 15% $177 15%

 

Appliances & other

 

$752 43% $645 42% $662 47% $590 51%

 

Total cost $1763 100% $1492 100% $1415 100% $1155 100%

 

Energy Information Administration: 

 

A Look at Residential Energy Consumption in 1997.

 

Carbon Emissions for Typical U.S. Households

Type of energy Typical use
Typical CO

 

2

 

 
emission

 

Natural gas 920 therms 11,000 lbs.

Fuel oil 660 gallons 14,500 lbs.

Electricity 10,800 kWh 16,300 lbs

 

From Energy Information Administration 

 

A Look 
at Residential Consumption

 

. 
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Understanding Home Energy 
Usage

 

Most of the energy statistics presented here come 
from the Department of Energy’s Energy Infor-
mation Administration (EIA). EIA reports energy 
consumption in dollars, millions of BTUs 
(MMBTU), or quads. A quad is one quadrillion 
British thermal units of energy—the equivalent of 
40 million tons of coal or 182 million barrels of 
fuel oil.

The EIA recognizes three distinct housing types: 
single-family, multifamily, and mobile homes 
among the approximately 105 million American 
households. Householders in the U.S. spent about 
$150 billion for 20 quads of energy in 2000. By 
2007, consumption rose to 22 quads, a 10% 
increase. Of this total energy in quads, 65% is 
electricity, 26% is natural gas, 7% is oil and pro-
pane, and the remaining 2% is renewable energy.

 

See “Calculating Energy Intensity” on page 24, for 
more information on energy intensity and energy 
indexes. See “Analyzing Annual Energy Costs” on 
page 271.

 

It’s easy to get confused by percentages and pie 
charts unless you understand the relationship 
between electricity and natural gas — the leading 
energy sources. If you look at energy consump-
tion, space heating consumes around half of the 
primary energy used in an average home. How-
ever, space heating is only about one-third of the 
$1400 average annual household energy cost, 
because natural gas, the main home-heating fuel, 
is less expensive than electricity. 

 

Past, Present, and Future Energy Consumption

 

Each citizen helps make the decision about which energy path we will follow in the future. International standards 
favor returning to 1990 annual energy consumption levels, though environmental-driven conservation.efforts 
could result in even lower energy consumption.
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CHAPTER 1 PRINCIPLES OF ENERGY

This chapter discusses the physical principles 
essential for understanding energy flows in resi-
dential buildings. Building energy efficiency can’t 
be applied like a recipe or building code because 
too many variables are involved. Energy special-
ists need energy principles to understand unusual 
problems and to cut through the confusion of 
competing energy-saving claims. Understand the 
principles underlying comfort, heat flow, and 
electricity use, and you’ll make good decisions 
about which energy-conserving measures to 
apply.

Buildings use energy for temperature control, 
lighting, hot water, appliances, and entertain-
ment. Energy use can be excessive because of heat 
leakage through building shells, inefficient heat-
ing and cooling systems, or lack of awareness of 
efficient operating principles. Waste can be asso-
ciated with lights, appliances, and other energy-
using household devices because of obsolete 
design or careless operation.

What is Energy?

Energy is a measurable quantity of heat, work, or 
light. Potential energy is stored energy, like a cord 
of wood. Kinetic energy is transitional energy, like 
a flame.

More than 99% of the energy we use comes from 
the sun. The only other significant source is 
nuclear material in the earth. Plants build their 
tissues with sunlight, and the composition of all 
fossil fuels is ancient plant and animal tissue. We 
burn fossil fuels to produce heat and work energy.

We measure energy many ways: therms of natural 
gas, kilowatt-hours of electricity, barrels of oil, 
gallons of propane, and pounds of steam are all 
common measurements of energy. Although 
energy measurement takes many forms, all types 
of energy are equivalent.

 

 The energy from last summer’s sunshine is chem-
ically locked in the produce we buy at the grocery 
store. That chemical energy in food is burned in 
our bodies to provide the kinetic energy and heat 
required to keep the human machine functioning. 
Solar energy from the age of the dinosaurs, stored 
for eons as chemical energy in deposits of coal 
and oil, provides energy for our modern world.

Laws of Thermodynamics
Two laws of the science of thermodynamics gov-
ern the behavior of heat in our universe. These 
laws were first described in the nineteenth cen-
tury and helped to spawn the industrial revolu-
tion. Remember that no device, system, or idea 
can violate these laws. Attempts have been made 
but no exceptions have ever been demonstrated.

The first law of thermodynamics says that energy 
is neither created nor destroyed. Energy merely 
moves from place to place and changes form. The 
potential energy of gasoline becomes the automo-
bile’s movement, the engine’s heat, and tires’ fric-
tion on the road.

The second law of thermodynamics says that heat 
moves from high temperature regions to low tem-
perature regions — never the reverse (without 
additional energy from an external source).

               

Measurement of Heat Energy

A kitchen match contains about one BTU of heat 
energy. One hundred thousand BTUs equals one therm 
of heat energy.

BTU =
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Temperature and Heat
Temperature is a measure of how fast the mole-
cules in a substance are moving or vibrating. 
Temperature is the average kinetic energy or 
motion of molecules. Molecules in a solid are sta-
tionary, but they vibrate faster and faster as heat is 
added, raising the temperature.

Heat flows because of a difference in temperature 
between two places. Heat is measured in British 
thermal units (BTU), which is the amount of heat 
required to raise a pound of water’s temperature 
1°F. A BTU is approximately the amount of heat 
released by burning one wooden kitchen 
match.The number of BTUs of heat that a pound 
of any material absorbs or releases for each degree 
of temperature change is called its specific heat. It 
is measured in BTUs per pound per degree Fahr-
enheit (BTU/lb./°F). Water has a specific heat of 1 
BTU/lb./°F. It takes only 0.2 BTU to raise a pound 
of aluminum 1°F, so aluminum has a specific heat 
of 0.2 BTU/lb./°F. If we add one BTU to a pound 
of aluminum, it will get 5°F warmer.

The temperature of a given weight of material 
tells us how much energy that material contains, 
which is called enthalpy. 

Sensible and Latent Heat
The relationship between water’s temperature and 
its heat content is predictable — add a BTU to a 
pound of water, and by definition, it gets one 
Fahrenheit degree warmer. Add 150 BTUs to a 
pound of 50°F water, and its temperature 
increases 150°F to the temperature of 200°F. This 
sensible relationship ends at 212°F — water’s boil-
ing point. With continued heating, the pound of 
water remains at 212°F, while it absorbs 970 BTUs 
during its complete evaporation into steam — six 
times the heat it absorbed going from 50°F to 
212°F.

This unexpected or hidden heat, which is released 
or absorbed as a substance changes form, is called 
latent heat. Our pound of liquid water vaporized 
when we added 970 BTUs, which is called the 
latent heat of evaporation for water. If we could 
catch all the steam and recondense it, the 970 
BTUs would be released again. This is the princi-
ple of steam heating.

Measuring Temperature

Temperature is measured by the movement of a 
bimetal element or by the expansion of the liquid 
metal mercury.

Quantities: Heat and Material

If two different amounts of the same material have the 
same temperature, the heat content in each is directly 
related to the mass of the material.

1 gallon
50°

10 gallons
50°

This has 10 times
the heat

of this
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Our pound of water would go through a similar 
metamorphosis if we were to cool it: the water 
would lose 1°F for every BTU removed until 
reaching its freezing point, 32°F. We would then 
have to remove 144 BTUs — water’s latent heat of 
fusion — to turn the pound of water into a block 
of ice. Conversely, it would take 144 BTUs of heat 
to melt the pound of ice again.

Steam-heating systems, air conditioners, and 
refrigerators use latent heat to carry energy from 
one place to another. In steam heating systems, 
water is vaporized at a boiler and condensed back 
to a liquid in radiators. In an air conditioner, a 
special fluid called a refrigerant vaporizes at the 
evaporator, absorbing heat from inside the home 
in the process. The hot gas is then piped outdoors 
to a condenser, where it condenses back to a liq-
uid, releasing its latent heat into the outdoor air.

Heat and Work
The American system of measurement has many 
ways of describing energy — the BTU for heat 
and the foot-pound for work being two of the 
most common. If you lift a one-pound weight one 
foot off the floor, you have done one foot-pound of 
work.

To prove that heat and work are equivalent, a Brit-
ish physicist, James Joule, used mechanical energy 
(or work) to stir water. He found that for every 
778 foot-pounds of work he performed stirring 
one pound of water, the pound of water absorbed 
1 BTU. Joule determined this by measuring tem-
perature change of stirred water in an insulated 
tank. Now we know that 778 foot-pounds is 
equivalent to 1 BTU. This was an essential piece 
of knowledge for the industrial revolution.

The joule, an international energy unit, describes 
both work and heat. A million BTUs (MMBTU) 
approximately equals a gigajoule (billion joules).

Boiling and Freezing Points

The boiling point and freezing point of water are 
important to calibrating thermometers because these 
two states are easy to recognize and duplicate. Freez-
ing point: 32°F or 0°C; boiling point: 212°F or 100°C.

Latent Heat

Latent heat is the heat absorbed or released when a 
material changes phase between a solid and a liquid or 
between a liquid and a gas.

At the phase changes, temperature remains constant 
while enthalpy changes dramatically. Although often 
considered zero BTUs/lb. enthalpy, ice still has some 
energy content.

Latent heat of evaporation:
970 Btus per pound

Sensible heat: ice melt to
boiling point 212°–32° = 180°
or 180 Btus per pound
Latent heat of fusion: 144 Btus
per pound

Superheated Steam

Subcooled Ice

32°

212°

212°

32° 0 Btu/lb

144 Btu/lb

324 Btu/lb

1294 Btu/lb
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CHAPTER 2 ENERGY AND THE 
BUILDING SHELL

This chapter explains building construction, 
building-shell heat flows, building inspection and 
diagnosis, and calculations of heat loss and gain. 
The chapter’s goals are to link physics with build-
ing construction in order to give you a better 
understanding of energy flows through the build-
ing shell.

An ideal building maximizes heat retention dur-
ing the winter and minimizes heat gains during 
the summer to reduce heating and cooling needs. 
The best way to achieve energy efficiency in a 
new building is by energy-efficient design, plan-
ning, and construction. In existing buildings, 
technicians perform modifications — called 
weatherization — to reduce heat loss and heat 
gain.

Making decisions about a building’s weatheriza-
tion is the job of an energy auditor. Auditors take 
measurements, estimate costs, develop energy-
savings projections, and perform physical inspec-
tions of buildings to decide which retrofits to rec-
ommend.

See “An Energy Audit’s Purpose” on page 19.

For large residential buildings, the auditors may 
be architects and engineers. For homes, a trained 
energy auditor (who may even perform part of 
the weatherization work) makes decisions about 
weatherization projects. 

Heat loss and gain through the building shell are 
the largest energy demands on residential build-
ings. To maintain comfort, heating and cooling 
systems supply or remove heat at a rate roughly 
equaling heat’s flow rate through the building 
shell.

The amount of heating energy needed by the 
home over a heating season is the sum of heat 
transmission losses through the floor, exterior 
walls, and ceiling, added to the air leakage, minus 

solar radiation gain and internal heat production. 
Cooling energy needs are determined by solar 
radiation, internal heat, air leakage, and heat 
transmission. Total heating energy and total cool-
ing energy also include the inefficiencies of the 
heating and cooling systems.

Maintaining Home Comfort

Heat is lost in winter and gained in summer through 
the building shell. Heating and cooling systems create 
comfort by adding or subtracting heat.
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Energy-efficient buildings have a thermal bound-
ary, which is a line or plane defined by insulation 
and an air barrier. The air barrier is any interior 
or exterior sheeting material that resists airflow 
through it. An effective air barrier is nearly air-
tight. In hot climates, energy-efficient buildings 
block solar radiation with exterior shade (from 
trees), reflective exterior surfaces, and window 
shading.

Building Construction

Buildings have construction flaws that waste 
energy, reduce comfort, and encourage building 
deterioration. Knowledge about construction 
characteristics can help you locate and correct 
these flaws.

Building materials have different thermal con-
ductivities. Metals such as aluminum and steel 
conduct heat rapidly, while insulating materials 
such as mineral fiber and plastic foam conduct 
heat slowly. The thermal conductance of wood, 
masonry, and plastic are between these extremes.

Balloon Framing Platform Framing

Balloon framing is characteristic of some older homes. The wall cavities of balloon-framed houses are often open to 
both the basement and the attic. Modern homes on the other hand feature pre-built roof trusses, platform framing, 
and 4’ x 8’- sheets of plywood or OSB sheathing material for walls, floors and ceilings.
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The simplest buildings are just large six-sided 
rectangular boxes. The building’s shell is com-
prised of its foundation, bottom floor, exterior 
walls, and roof assembly. These components gen-
erally have at least two layers with a cavity 
between. For example, a wall has interior sheeting 
and exterior siding; the roof assembly has a ceil-
ing inside and a roof outside.

The building shell’s seams at edges, corners, and 
around openings are the obvious thermal weak 
points, containing heat-conductive structural 
members and leaky joints between building mate-
rials.

Penetrations through insulation and air barriers 
occur where mechanical and electrical compo-
nents pass through the building shell. These are 
often major flaws in the building shell. 

Protrusions and indentations to the building’s 
shell increase seams and create areas where the 
insulation and air barrier aren’t continuous. Pro-
trusions include bay windows, dormers, and 
porches. Indentations include recessed entrances, 
porches, and windows. These building-shell 
irregularities allow air leakage between indoors 
and outdoors and convection within building 
cavities.

Structural Design
Building structures are classified as planer or skel-
etal design, depending on whether they are sup-
ported by columns and beams or by panels. Many 
buildings combine these two structural styles.

Planer construction is usually simpler (such as 
masonry or framed walls) with familiar interior 
and exterior surfaces. Wood-frame structures 
have many joints between their different compo-
nents, making airtightness an important design 
and construction issue. Insulation is installed 
between the framing and sometimes attached 
over the framing to reduce conduction through 
these structural components. Masonry structures, 
when they are insulated, have surface-applied 
insulation.

See “Home Types and Average Energy Costs” on 
page 13. 

Skeletal construction often contains deeper floor 
and ceiling cavities and more vertical shafts than 
planer construction. The steel columns and 
beams of a skeletal steel framework are hidden 
behind non-structural walls and suspended ceil-
ings. Less-conductive building components called 
thermal breaks are used to separate metal, con-
crete, and glass from each other. A thermal break 
prevents direct linkage between indoors and out-
doors through these very conductive materials.

Foundations support the building’s weight with 
masonry walls, piers, or slabs. They transfer this 
weight to the ground and also tie the building to 
the ground for seismic and wind resistance. 
Masonry materials are preferred for foundations 
because they resist rot and corrosion.

Foundations should sit on and be surrounded by 
dry ground. However, in real life, they frequently 
encounter ground moisture or runoff from sur-
rounding roofs or adjacent land. Moisture prob-
lems should be considered when planning 
weatherization projects.

Single-family Home Construction
Many wood-frame homes, built before 1940, used 
balloon-frame construction, which features wall 
studs that may be two stories high. These tall 
studs usually have no top or bottom plates. Floor 
joists and ceiling joists are attached to the studs 
and supported by ribbons. The stud cavities are 
often open to both the basement and attic. 

Modern wood-frame homes are generally of plat-
form-frame construction. Each floor, framed with 
structural lumber and sheathed with plywood or 
particle board, serves as a platform for framing 
the exterior walls. The top plate of the first floor’s 
exterior wall becomes the platform for framing 
the second floor and walls.

Some homes may have elements of both styles of 
framing. For example, newer balloon-framed 
homes may have a bottom plate that sits on the 
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CHAPTER 3 AIR LEAKAGE 

Air leakage in buildings represents from 5% to 
40% of the space-conditioning costs. Controlling 
air leakage is one of the most important functions 
of weatherization, and often the most difficult.

An air barrier is a building component designed 
to stop air leakage. The air barrier combined with 
the insulation defines the thermal boundary.

The main goals of air leakage control are to:

♦ Save energy.

♦ Increase comfort.

♦ Protect insulation’s thermal integrity.

♦ Reduce direct cooling or heating of people and 
building components by outdoor air.

♦ Avoid moisture migration into building cavi-
ties.

Air sealing may provide these additional benefits:

♦ Reduce vermin’s access to indoors.

♦ Reduce flow of air pollution from external 
sources.

♦ Reduce rainwater leakage.

♦ Enhance fire safety.

Traditional thought was that existing buildings 
were relatively airtight, except for seams where 
building materials joined, especially around win-
dows and doors. In the past, engineers tried to 
estimate air leakage based on the length and 
width of cracks between building materials. Esti-
mating crack size was not accurate because it 
neglected major air leaks in hidden locations.

From 1975 to 1985, scientists and technicians 
developed and implemented instruments to 
assess air leakage, including blower doors, infra-
red scanners, and tracer-gas analysis. With these 
developments, we now know that the building’s 
hidden air leaks are usually more important than 
seams between building materials. As a result, 
technicians have found new ways of finding and 
sealing these hidden air leakage pathways.

In the 1990s Canadian building scientists mea-
sured the air permeability of various building 
materials and joints. The durability of air barriers 
in very high winds has also been measured.

Most homes are ventilated by natural air leakage, 
and this fact informs decisions about whether to 
seal air leaks and how airtight to make a home. 
Scientists, engineers, and technicians continue to 
debate whether air leakage is an acceptable strat-
egy to ventilate homes. 

Air Leakage Through Construction Materials

CFM50/100 ft2

5/8“ oriented-strand board 0.09
1/2“ drywall 0.26

4-mil air barrier paper 0.26
1/8“ hardboard 0.37

1” EPS (dense) 1.5

(materials below not considered air barriers)

15# perforated asphalt felt 5.3

Standard concrete block 7.9

1“ EPS (light) 170
5/8“ tongue & groove boards 300

6“ fiberglass batt 490

3“ vermiculite 930

1.5“ spray-on cellulose 1160

These values represent the approximate air leakage 
through each square foot of material during a 50-pascal 
blower-door test.

Based on: “Air Permeance of Building Materials” research 
report by Canada Mortgage Housing Corporation. Units 
converted from all-metric by the author.
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Some recent state building codes now require 
strong and effective air barriers and mechanical 
ventilation systems. Canadian builders, architects, 
and engineers have understood the need for air 
and vapor barriers for years because of their cold 
climate and the moisture problems that result 
from ineffective air and vapor barriers.

This chapter discusses the principles of air leak-
age, diagnosis of air leaks, construction flaws that 
allow air leakage, and methods and materials for 
sealing air leaks.

Air-Sealing Principles

Air leakage from one zone to another requires a 
hole between the zones and pressure to push air 
through that hole. The airflow rate through a hole 
or group of holes depends on two factors: the 
cross-sectional area of the holes and the differ-
ence in pressure (∆P). Air leaking in is often 
called infiltration and air leaking out is called 
exfiltration. 

Natural airflows are usually small and variable — 
too difficult to measure. A blower door’s pressure 
and airflow, however, are steady and measurable. 
Measuring pressure and airflow with a blower 
door allows you to estimate the size of holes.

Direct air leakage occurs at windows, doors, and 
other concentrations of seams, where air leaks 
directly through the shell. Indirect air leakage 
enters the building shell in one location, flows 
through building cavities, and emerges at a differ-
ent location. 

Many indirect air leaks are found in intermediate 
zones like attics and crawl spaces. One seldom-
recognized air-leakage source is airflow through 
building materials themselves. Concrete block, 
brick, perforated felt, and most insulation materi-
als have relatively high air permeability and aren’t 
considered air barriers.

Pressures driving natural air leakage come from 
wind, exhaust fans, furnace blowers, chimneys, 
and the stack effect. The stack effect (also called 
chimney effect) is caused by density differences 
between warm and cool air masses. 

Manometer Readings

The pressure inside an inflated beach ball is greater 
than the pressure of the atmosphere. This pressure dif-
ference (∆P) can be measured with a manometer 
showing how many inches the water level differs in its 
height. This is the origin of the measurement: inches of 
water column (IWC).

Air blown across the opening of a liquid manometer 
creates a vacuum in the tube and a measurable differ-
ence in the height of the water level. This ∆P depends 
on the air velocity and is used to calculate airflow in 
CFM.

∆P

∆P
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Chimneys and exhaust fans (including clothes 
dryers) remove air from the home, creating a 
slight vacuum, often called depressurization. The 
wind, furnace blower, and stack effect tend to 
pressurize some areas of the home and depressur-
ize others.

Beyond air leakage, air can also move around 
inside building cavities, increasing the rate of heat 
transmission. Air convects inside building cavi-
ties, carrying heat from one surface to another. 
Air can wash over the insulation’s surface, con-
vecting heat away. Or air can convect through an 
insulation material, reducing its thermal resis-
tance. 

Ideally, an effective air barrier surrounds the 
home on all sides, adjacent to its insulation. An 
effective air barrier prevents most air leakage and 
convection. However, many if not most American 
homes have flawed air barriers that can be signifi-
cantly improved by diagnosis and air sealing.

Air Pressure and Flow
Air pressure, airflow, and the size of air leaks are 
directly related to each other. A pressure differ-
ence on opposite sides of a hole causes an increase 
in airflow through the hole. Bigger holes pass 
more air at the same pressure than smaller ones.

Pressure and airflow can be measured by instru-
ments called manometers. Manometers come in 
three common types: a transparent tube filled 
with water; a round gauge with a needle indicat-
ing the pressure or flow amount; or a digital 
manometer, giving a digital readout of pressure.

The air inside an inflated beach ball is denser than 
the atmosphere outside. Measure this pressure 
difference by attaching a manometer to the beach 
ball’s valve. The lighter atmosphere presses on one 
side of the liquid, and the denser beach ball air 
presses on the other. The distance that the beach 
ball’s denser air moves the water column off level 
— measured in inches — is a unit of air pressure.

The small air pressure differences caused by wind, 
blower doors, furnace fans, and chimneys are 
measured in inches of water column (abbreviated 
IWC) in the American measurement system. The 
more common metric unit for small air pressures 
is the pascal — 249 pascals equal 1.0 IWC.

When talking about pressure differences between 
two areas, we say that the zone having denser air 
is pressurized, or is the high-pressure area. The 
zone with less dense air is depressurized, is under 
vacuum, or is the low-pressure area.

Another type of manometer is a round gauge with 
an arc-shaped scale for measuring either pressure 
(in pascals) or airflow cubic feet per minute 
(CFM). This gauge has a high pressure tap and a 
low pressure tap. If the gauge is physically located 
in the low pressure area — as with typical blower-
door testing — its low pressure tap is open to that 
area (indoors), and a hose is used to expose its 
high pressure tap to the high pressure area (out-
doors).

Blower Door

Blower doors create a measurable house pressure and 
airflow in order to evaluate a building’s air leakage. 

A B

–50 2800

Digital

Low-flow

Frame

Fan

manometer

rings
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CHAPTER 4 INSULATION

Heat transmission is the average home’s leading 
cause of winter heat loss. Most single-family 
homes lose three to six times as much heat 
through transmission as through air leakage. 
Insulation slows heat transmission through the 
building’s floor, walls, and ceiling or roof.

Insulation performs the following thermal func-
tions:

♦ Conserves energy by slowing heat transmis-
sion.

♦ Enhances comfort by reducing temperature 
variations within the conditioned space.

♦ Reduces the size of heating and cooling equip-
ment needed by a building in direct propor-
tion to R-value.

♦ Prevents wintertime condensation by prevent-
ing low interior surface temperatures.

Insulation may also offer the following benefits:

♦ Adds structural strength.

♦ Reduces noise and vibration.

♦ Impedes air leakage and water vapor transmis-
sion.

♦ Improves the building’s fire resistance.

This chapter tells how insulation works, describes 
insulation types, and discusses other important 
issues relating to insulation.

Insulation 
Characteristics

Insulation is installed in building cavities, 
attached to a building’s structural frame, or 
attached to the building shell’s exterior surfaces.

Insulation slows heat transmission in two impor-
tant ways:

1. By forcing the heat to conduct through air or 
some other gas. Gases are generally poor heat 
conductors.

2. By reducing heat radiation and air convection 
within cavities where insulation is installed.

Insulating materials are not as continuous or 
dense as other building material which are heat 
conductors — they harbor millions of tiny air 
pockets within their fibers or bubbles (in plastic 
foam insulation). Heat transmission proceeds 
slowly through insulation, having to cross this 
myriad of slow-conducting air pockets. 

Density of Insulation Versus R-Value

Insulation’s density affects its R-value, depending on 
the material. 

Density (pounds/cubic foot)
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Insulation Thermal Performance 
factors
Insulation’s ability to retard heat flow is measured 
by its R-value. “R” stands for thermal resistance. 
The R-value in any building assembly, created by 
a combination of insulation and other building 
materials, is affected by the following factors:

♦ Thermal bridging or thermal shorts in the 
assembly.

♦ Type and density of the insulation.

♦ Air leakage and convection from voids, gaps, 
or low insulation density.

♦ Water’s presence within the assembly.

♦ Mass of the insulated assembly.

Two types of wall R-values are referenced in this 
book: clear-wall R and whole-wall R. Clear-wall R 
is the average R of the cavity between framing 
members. Whole-wall R is the average R-value of 
the wall including framing materials.

See “Materials/Building Assembly R-Values” on 
page 272.

Thermal bridging — Thermal bridging is 
rapid heat transfer through thermally conductive 
building materials like wood, steel, and alumi-
num. Strategies for reducing thermal bridging 
include minimizing framing materials and apply-
ing insulated sheathing as a thermal break.

Steel framing is a challenge to build and insulate 
adequately, especially in cold climates. Without 
insulated sheathing, the steel studs can cause con-
densation in cavities and wetting of surrounding 
building materials, in addition to a low whole-
wall R-value.

See “Approximate R-Values of Wall Assemblies 
from Guarded Hot Box Testing” on page 274.

Insulation type and density — Some com-
mon insulating materials have an ideal density, 
where the R-value per inch is at its maximum. 
Compressing fiberglass and mineral wool to a 
specific density increases R-values per inch; after 
that optimal density, compressing the insulation 
decreases R-value per inch. For instance, mineral 

Whole-Wall R-Values from Full-Scale Tests

Wall Type W-W R
Standard 2-by-4 9.7

2-by-6 perfect installation 12.8

2-by-6 poor installation 11.0

Steel frame wall C-stud 5.6

Steel stud wall w/EPS sheathing 10.5

Structural 6-inch EPS-insulated panel 21.6

Stucco-covered straw bale 16–28

Lightweight concrete block 10–30

Insulating concrete form 26–44
These values are calculated using data from full-scale 
wall thermal-resistance tests performed at Oak Ridge 
National Laboratory. W-W R or whole-wall R-value mea-
sures R-value of the entire wall section, including fram-
ing material. The first four examples here are stud walls 
insulated with fiberglass batts.

Steel-Stud Walls

The relatively low R-value of steel-stud walls can be 
improved by insulated sheathing as shown here. 
Whole-wall R-value varies widely depending on the 
installation quality of the fiberglass insulation but can 
be less than R-5 for a 3.5-inch steel stud wall without 
insulated sheathing.
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wool has a maximum R-value of R-3.6 per inch at 
about 4 pounds per cubic foot (lb/ft3). At lower 
densities, mineral wool’s R-value per inch is less 
(R-2.7 at 1 lb/ft3), and at greater densities is also 
less (R-3.2 at 6 lb/ft3).

Fiberglass reaches its highest R-value per inch of 
about R-4.2 at about 3.2 lb/ft3. Cellulose has a 
maximum R-value per inch of about R-3.9 at 
between 1 and 2 lb/ft3.

Convection and air leakage — Air convec-
tion within insulated building cavities increases 
heat transmission. Air convects heat off one sur-
face and transports the heat to the adjacent sur-
face — between drywall and the facing of batt 
insulation, for example. Convecting air can also 
find its way through channels around the insula-
tion’s edge gaps — between batts and framing 
lumber, for example. Edge gaps of only 4% of the 
insulated surface area can produce up to a 30% 
loss in effective R-value for R-19 ceiling insula-
tion.

If air from inside or outside the building leaks 
into an insulated cavity, the effectiveness of the 
insulation is further reduced. This reduction typi-
cally varies from 15–50%. Air can even flow 
through fibrous insulating materials such as 
loosely installed fiberglass. Insulation’s installed 
density is an important issue, especially in cold 
climates.

Wind also affects insulation performance. Wind 
convects heat away from the surfaces of a build-
ing. If voids and edge gaps exist, wind can push 
outdoor air through building cavities around the 
insulation or push air through insulation. These 
effects increase heat transmission.

Moisture condensation — Absorbed water 
decreases the R-value of insulation. Water fills the 
insulation’s air spaces, and conducts heat far bet-
ter than air. Water and ice also can damage insula-
tion. Wet insulation can help corrode metals and 
supply water to insects and microorganisms that 
rot organic building materials.

Air leakage is the most potent moisture-carrying 
mechanism affecting condensation in building 
cavities. Vapor diffusion is water vapor traveling 
through permeable materials like drywall and 
masonry. Low-R building materials combined 
with water-absorbent building materials create 
the largest potential moisture problems.

Thermal mass effect — The mass of building 
components, particularly walls, affects the heat 
flow through them. Especially in sunny climates 
with large temperature swings, massive building 
assemblies absorb energy surpluses from both the 
indoors and outdoors, slowing heat transmission. 
This thermal-mass factor varies, depending on 
the calculated R-value of the massive wall. The 
higher the massive wall’s R-value, the greater the 
mass factor. The mass factor varies from around 1 
to 2.6, according to tests performed at Oak Ridge 
National Laboratory on full-scale massive walls. 
The mass factor is multiplied by the calculated R-
value to estimate a higher R-value that accounts 
for the thermal mass effect. Walls insulated on the 
exterior perform better than walls insulated on 
the interior. Walls insulated on the exterior have 
mass factors as high as 2.6, while walls insulated 
on the interior have mass factors only as high as 
1.5. The mass factors vary according to calculated 
R-value and climate. Of the six cities simulated in 
the testing, Phoenix benefited most from mass 

Insulation R-Values per Inch

Insulation Type R/inch
Fiberglass batts, blown, board 2.6–4.2

Cellulose blown 3.2–3.6

Mineral wool batts, blown, board 2.6–4.4

Vermiculite or perlite 2.1–2.4

Expanded polystyrene (white) 3.6–4.4

Extruded polystyrene (blue/pink) 5.0

Polyisocyanurate board 5.6–7.6
R-values vary by insulation type, density, and the quality 
of installation.
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CHAPTER 5 WINDOWS AND DOORS

Windows are a significant source of transmission 
heat loss in cold climates and a significant source 
of solar heat gain in temperate or hot climates. 
Windows exist to provide natural light, ventila-
tion, and a view to the outdoors. These functions 
make windows a formidable energy problem. The 
difficulty is limiting heat loss and gain while pre-
serving natural light and view. 

Most window energy conservation measures are 
expensive too; retrofit or replacement window 
costs commonly range from $5 to $50 per square 
foot of window area. Window replacements or 
retrofits for energy efficiency must be designed to 
significantly reduce thermal transmittance, 
reduce solar transmittance, or reduce both. Air 
leakage reduction is usually a secondary benefit 
producing only small energy savings, unless the 
window has large visible air leaks.

Doors generally have a thermal transmittance 
higher than walls, but lower than windows. Their 
surface area is small and replacement cost is high, 
so door replacement is not usually considered a 
cost-effective energy conservation measure. 
However, doors can be a significant air leakage 
problem due to faulty operation or poor air seals.

This chapter outlines the most important energy 
characteristics of windows and doors (also 
referred to as fenestration) and defines the chal-
lenging terminology associated with window rat-
ings.

For a discussion of comfort and windows, see 
“Fenestration” on page 59.

Window 
Characteristics

Windows are composed of the following parts:

♦ Glass Assembly — One or more glass panes 
with spacers and gaskets, if needed.

♦ Sash — Frames the glass assembly. Sashes are 
either movable for ventilation, or fixed.

♦ Frame — Surrounds the sash and is the win-
dow part attached to the building.

♦ Rough Opening — Structural framing around 
the window to which the window frame is 
attached.

Energy Characteristics of Typical Window Glass Options

Glazing Assembly U-factor R-value SHGC VT

Single glass 1.1 0.9 0.87 0.90

Standard insulated glass 0.50 2.0 0.76 0.81

High-SHGC, low-e insulated glass 0.30 3.3 0.74 0.76

Medium-SHGC, low-e insulated glass 0.26 3.8 0.58 0.78

Low-SHGC, low-e insulated glass 0.29 3.4 0.35 0.65

Triple glazed 2 low-e insulated coatings 0.12 8.3 0.50 0.65
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Understanding state-of-the-art window features 
is difficult because heat flow through windows is 
complicated and the terminology is unnecessarily 
complex. Conduction, convection, and radiation 
are all important window heat-flow mechanisms. 
The high conductivity of glass is tolerated because 
of its other useful and unusual qualities, including 
the fact that glass absorbs most infrared radiation 
while transmitting most solar radiation. 

Thermal transmittance (U-factor) and solar heat 
gain are the most important energy consider-
ations for windows. Air leakage as well as the win-
dow’s optical characteristics, frame material, and 
type of glass assembly also enter into window 
selection.

Radiation, convection, and infiltration from win-
dows reduce indoor comfort. Radiation is more 
complex with windows than with other building 
components. 

Window Research, Testing, and 
Rating
Four organizations serve as gate keepers for infor-
mation about window thermal and structural 
characteristics. Their roles are briefly explained 
here to facilitate further information gathering.

National Fenestration Rating Council (NFRC): A 
public/private collaborative agency created to 
establish standardized window testing and rating. 
The Council simulates window performance with 
computers, then verifies that simulation with lab-
oratory testing. NFRC labels are applied to win-
dows made by member manufacturers listing 
thermal transmittance (U-factor), solar transmit-
tance, visible transmittance, and air leakage. Con-
densation resistance is also being listed on some 
window models.

American Society of Heating, Refrigeration and Air 
Conditioning Engineers (ASHRAE): A professional 
society providing the theoretical framework for 
calculating heat flows through windows. 
ASHRAE’s Handbook of the Fundamentals is the 
most common technical reference about window 
heat flows.

Lawrence Berkeley Laboratory (LBL): North 
America’s most authoritative and prolific window 
research facility. LBL excels at computer simula-
tion of window heat flows. LBL researches and 
develops new window technologies and distrib-
utes information about windows.

American Society for Testing and Materials 
(ASTM): Develops testing methodology for all 
types of building systems. Testing methods are 
specified by building codes and rating organiza-
tions like the NFRC. Windows are tested under 
ASTM standards for air leakage, water leakage, 
and structural strength.

Thermal Transmittance (U-factor)
The window industry describes and rates its 
products by U-factor or thermal transmittance. 
The U-factor includes heat transfer by conduc-
tion, convection, and radiation through the win-
dow assembly. 

The U-factor is the reciprocal or inverse of R-
value (U=1/R). U-factor is measured in units of 
BTUs per square foot per hour per degree Fahr-

NFRC Window Label

The NFRC label rates U-factor, SHGC, visible transmit-
tance, and air leakage. Manufacturers associated with 
NFRC must submit their products for testing.
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enheit. As U-factor decreases, heat flow 
decreases. Lower U-factors are more energy-con-
serving than higher U-factors.

The U-factors of windows are rated using an area-
weighted average of different sections of the win-
dow that have distinctly different U-factors: the 
frame, the edge of the glass area (a 2.5-inch band), 
and the central area of the glass.

Solar and Optical Characteristics
Solar heat gain shares importance with thermal 
transmittance as a primary window energy char-
acteristic. Solar heat gain through windows can 
account for up to 40% of the total heat removed 
by an air conditioner. There are three common 
factors used to measure solar heat gain, and you 
are likely to encounter any of them. Each of these 
factors is a ratio and has no unit of measurement. 
Therefore, each factor may be expressed as a deci-
mal number between 0 and 1.0 or as a percentage.

Solar Heat Gain Coefficient (SHGC): The ratio of 
solar heat passing through the glass to solar heat 
falling on the glass at a 90° angle. Includes radiant 
heat transmitted, and also the solar heat absorbed 
and reradiated indoors. Single pane glass has a 
SHGC of 0.87.

 Shading Coefficient (SC): Compares the solar 
transmittance of a glass assembly — with its inte-
rior and exterior shading devices — to that of sin-
gle-pane glass, which has a shading coefficient of 
one. The shading coefficient is always less than 
one and approximately 1.15 times greater than the 
SHGC of the glass assembly being considered.

Generally, buildings in hot, sunny climates should 
employ window glass with SHGC of less than 
0.50. South-facing windows used for passive solar 
heating need a SHGC of 0.70 or more.

U-Factor of Insulated Glass

The U-factor of an insulated glass window is an area-
weighted average of the window’s center of glass, 
edge of glass, and window frame.

Transmittance Spectrum for Glass Types

Transmittance of radiant energy varies widely with the 
type of glass used in a window.
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CHAPTER 6 HEATING

A building’s correctly sized heating system is 
designed to provide heat at roughly the same rate 
as heat is being lost during worst-case outdoor 
temperatures. Output is the heater’s heat-produc-
tion rate. The heating load is the building’s heat 
loss rate. A heater’s output should be larger than 
the building’s heating load, except in the very 
severest weather conditions, so the heater cycles 
on and off to satisfy the load for most of the heat-
ing season.

The word heater, as used here, means a furnace, 
boiler, or space heater, and heating system means 
the heater and its distribution system. A circulator 
is a blower or pump for moving the heating fluid 
— air, water, or steam.

There are two types of heaters: room heaters and 
central heaters. Room heaters deliver all their heat 
into one area — generally a single room. Central 
heaters convert fossil fuel or electricity to heat in a 
central location and employ ducts or pipes to dis-
tribute the heat.

Combustion fuels like gas, oil, and wood convert 
their potential energy to heat at delivered effi-
ciency ranging from 35% to 95%. Delivered effi-
ciency is the heating system’s useful heat output 
divided by the energy input into the heating sys-
tem. Efficiency is an important concept with 
combustion heating and there are several types of 
efficiency discussed in this chapter. The formula 
for determining any type of efficiency is the fol-
lowing:

Electric resistance heat is considered 100% effi-
cient, except for distribution losses. Heat pumps 
are a special type of electric heat that move heat 
from outdoors to indoors during the heating sea-
son and from indoors to outdoors during the 
cooling season. Heat pumps are generally more 
than 100% efficient because they can move more 
than a kilowatt-hour of heat for each kilowatt-
hour of electricity they use. However, generating 
electricity from coal or oil wastes about 70% of 
the fuel’s potential energy. Therefore, electricity is 
an expensive way to heat.

Typical Annual Heating Energy Use

Region & Fuel
Single 
Family

Multi-
family

Mobile 
Home

Northern U.S.

Electric (kWh) *9k–14k 4k–9k 6k–8k

Gas (MMBTU) 80–115 60–70 60–70

Oil (MMBTU) 80–115 55–65 55–65

Southern U.S.

Electric (kWh) *4k–6k 2k–4k 1K–5k

Gas (MMBTU) 35–80 20–35 25–40

Oil (MMBTU) 45–90 20–60 20–60

* k=1000. From Lawrence Berkeley Laboratory 
and Energy Information Administration. (1997)

Residential Heating Fuel Types

Natural gas is North America’s most popular heating 
fuel, followed by electricity.

 Efficiency =
Output

Input

Natural Gas 53%

Oil 9%

Electricity 29%

Other 9%
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Combustion Heating 
Basics

This section introduces the principles and com-
ponents of gas, propane, and oil heaters. Gas and 
propane heaters are almost identical and are 
referred to here as gas heaters. Oil heaters are sig-
nificantly different from gas and propane units.

In gas and oil heaters, burners mix and burn fuel 
in combustion chambers. The heat exchanger, 
surrounding the combustion chamber, transfers 
heat from the flame and combustion gases to the 
heating fluid — air, water, or steam. Combustion 
gases leave the combustion chamber through the 
heat exchanger’s flue(s), which connects to a 
chimney. A flue is a passageway for venting com-
bustion gases: a flue may be a space between the 
heat exchanger’s sections or a tube within the heat 
exchanger. Chimneys are made of metal, 
masonry, or other noncombustible material. The 
chimney’s inner passageway is often also called a 
flue.

The efficiency of a combustion heater depends on 
losses to incomplete combustion, chimney losses, 
losses at the beginning and end of the burner 
cycle (called off-cycle losses), and losses from the 
pipes and ducts (called distribution losses). Room 
heaters have no distribution losses, so they are 
more efficient than central-heating units.

The Combustion Process
Combustion fuels are primarily hydrocarbons — 
molecules composed of hydrogen and carbon. 
Combustion is rapid oxidation; oxygen combines 
with the carbon and hydrogen, splitting the 
hydrocarbon molecule. Carbon dioxide (CO2) 
and water vapor are the main products of this 
heat-liberating chemical reaction. Most of the 
flame’s heat radiates to surrounding metal and 
rides combustion gases convecting against the 
heat exchanger’s surfaces and transferring heat. 
Some of the flame’s heat escapes up the chimney.

Combustion: The Chemical Reaction

Combustion is a heat-yielding chemical reaction start-
ing with a hydrocarbon and oxygen and producing 
CO2 and water as its ideal products.

Open-Combustion, Atmospheric-Draft 
Heater

Atmospheric-draft heaters use only the buoyancy of 
the combustion gases and the flame’s heat to exhaust 
combustion by-products and pull combustion air into 
the burner.

CH4 + O2 CO2 + H2O + CO + O2 

Some oxygen goes through 
combustion without react-
ing. The percent of oxygen in 
flue gases informs us about 
the fuel-air mixture.

Carbon dioxide and 
water are products of 
complete combustion.

Carbon monoxide 
is the product of 
incomplete com-
bustion.

Methane, natural 
gas or another 
hydrocarbon

Oxygen 
from the air

Heat
exchanger

Heating fluid in
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Heating
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Dilution
air
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Air is about 21% oxygen. The other 79% of air is 
nitrogen, most of which travels through the com-
bustion process unreacted. The combustion gases 
in the chimney contain unreacted oxygen in addi-
tion to the unreacted nitrogen. These unreacted 
gases absorb heat from combustion and carry the 
heat up the chimney. Unreacted oxygen is a sign 
of excess air, which is inversely proportional to 
efficiency.

See “Combustion Heating” on page 38 for more on 
principles of combustion.

Open versus sealed combustion — The 
terms open-combustion and sealed-combustion 
describe whether or not the combustion chamber, 
heat exchanger, flues, and chimney are open to 
the surrounding air.

The majority of combustion heaters in homes are 
open combustion. These heaters draw combus-
tion air from the surrounding room. Older open-
combustion heaters also draw indoor air into 
their chimneys through a dilution device — either 
a draft diverter (gas) or barometric draft control 
(oil). The air that these devices allow into the 
chimney is called dilution air. A draft diverter is 
an opening between the heat exchanger’s flues 
and the chimney. The draft diverter is designed to 
moderate excessive updrafts and divert down-
drafts that might interfere with the burner or 
extinguish the pilot. A barometric draft control 
performs the same function except that it adjusts 
dilution air to maintain a consistent chimney 
draft.

Sealed-combustion heaters are safer and often 
more efficient than open-combustion heaters. 
Sealed-combustion heaters have no openings 
from the home into their heat exchangers or 
chimneys. Instead, a sealed tube, sometimes com-
bined with the chimney, brings combustion air in 
from the outdoors.

Burners
The burner’s job is to mix the fuel and air and 
burn this mixture. The three common burner 
types are atmospheric burners, induced-draft 
burners, and power burners. Atmospheric burn-
ers are the most common type of gas burner. Gas 
pressure propels gas through a gas orifice into a 
venturi tube where the gas mixes with primary air 
admitted by an air shutter. A pilot light, hot-sur-
face igniter, or sparking electrode ignites the mix-
ture. Secondary air in the combustion chamber 
around the flame provides oxygen for the fuel’s 
nearly complete combustion.

Atmospheric Versus Fan-Assisted Draft

An atmospheric open-combustion heater uses only the 
buoyancy of the combustion gases to exhaust these 
gases and to pull combustion air in.

The fan-assisted appliance creates over-fire draft with a 
draft fan. Chimney draft is atmospheric.

com
bustionair

dilution

ai
r

Draft diverter

Draft fan

Vent
connector

Masonry chimney
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CHAPTER 7 LIGHTING AND 
APPLIANCES

This chapter discusses lighting and home appli-
ances. Lighting and appliances account for 10% to 
50% of residential energy use, depending on cli-
mate and the energy efficiency of the home. A 
home with an efficient shell in a mild climate uses 
a larger percent of the its energy for lighting and 
appliances than one with an inefficient shell in a 
severe climate.

See “Analyzing Annual Energy Costs” on page 271  
and “Annual Average Household Energy Cost by 
Region (1997)” on page 14 for more information 
on percentage of energy used for lighting and 
appliances. 

Lighting

Homes are the setting for various visually-inten-
sive tasks such as sewing, office work, crafts, and 
cooking. More people are working at home and 
need lighting suited for their vocation. Lighting 

also provides outdoor security and night time vis-
ibility. Retrofits consist mainly of replacing the 
existing lamps or fixtures with more efficient 
models.

To choose the best lighting options, it helps to 
understand basic lighting principles and termi-
nology.

Efficacy (efficiency)
Lighting efficiency is known as efficacy and is 
measured in lumens per watt.

Annual Electrical Energy: Kilowatt-Hours

Appliance
Low 

Estimate
High 

Estimate

Lighting 200 2000

Refrigerator 500 2000

Clothes Dryer 300 1500

Clothes Washer* 100 1000

Television 100 600

Well pump 250 750

Hot tub / spa 1000 2500

Computer 50 400

* Includes water heating.

Energy Information Administration, Lawrence 
Berkeley Laboratory, and utility sources.

Efficacy and Lifespan

Efficacy and lamp life vary widely among the common 
lighting types.
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Illumination
A lumen measures light output from a lamp. All 
lamps are rated in lumens. For example, a 100-
watt incandescent lamp produces about 1750 
lumens. Dividing a lamp’s number of lumens by 
its watts gives efficacy—a measurement of light-
ing efficiency.

The distribution of light on a horizontal surface is 
called its illumination. Illumination is measured 
in footcandles. A footcandle of illumination is a 
lumen of light distributed over one square foot of 
area.

The amount of light required, measured in foot-
candles, varies according to the difficulty of a 
visual task. Ideal illumination is the minimum 
footcandles necessary to comfortably perform a 
task at the maximum practical rate of speed with-
out eyestrain.

In the past, illumination of 100 footcandles was 
thought to be minimum for visual tasks in the 
workplace. Now, the Illuminating Engineering 
Society says that 30 to 50 footcandles is adequate 
for most home and office work. Difficult and 
lengthy visual tasks, like sewing for extended 
periods of time, requires 200 to 500 footcandles. 
Where no seeing tasks are performed, the lighting 
system needs to provide only security, safety, or 
visual pleasure—from 5 to 20 footcandles.

Lighting Uses
Three categories of lighting by function are ambi-
ent lighting, task lighting, and accent lighting.

Ambient lighting provides security and safety, as 
well as lighting for tasks that occur throughout 
the lighted space.

Task lighting provides light at the work area. Illu-
mination levels should be high enough for accu-
rate task execution in task areas—not throughout 
the entire lighted space.

Accent lighting illuminates walls so that their 
brightness contrasts less with brighter areas, like 
ceilings and windows. Accent lighting is also used 
to make the space more visually comfortable.

Lighting Color
Lamps are assigned a color temperature depend-
ing on their “coolness” or “warmness.” People per-
ceive colors at the blue-green end of the color 
spectrum as cool and those at the spectrum’s red 
end as warm. Morning light from the north is a 
more bluish than southwest evening light.

Cool light sources are preferred for visual tasks, 
since they produce better contrast at the printed 
page, workbench, or other task. Warm light 
sources are preferred for living spaces, because 
they are more flattering to people’s skin and cloth-
ing.

Color rendering — The color of light from a 
lamp and that light’s ability to render correct color 
are separate and independent characteristics.

Artificial light sources vary widely in what is 
called the color rendering index (CRI). Incandes-
cent lamps are rated at CRI of 100—nearly equal 
to sunlight—while some high-pressure sodium 
lamps have a CRI of 22.

Color Rendering Index

Lighting Type
Color Rendering 

Index

Incandescent 97–100

Fluorescent (Standard) 52–62

Fluorescent (T-8 & CFL) 81–90

Mercury vapor 22–52

Metal halide 60–90

High-pressure sodium 25–65
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Light’s color rendering ability is not related to its 
color temperature. Blue north skylight, white 
noon sunlight, and a red sunset all have perfect 
color rendering (a CRI of 100), because our eyes 
are designed to read the colors of objects illumi-
nated by sunlight.

Light Quality
Light quality describes how well people in a 
lighted space can see to do visual tasks, and how 
visually comfortable they feel in that space. High 
lighting quality is characterized by fairly uniform 
brightness and the absence of glare. Light quality 
is important to energy efficiency because spaces 
with higher lighting quality need less illumina-
tion.

For example, direct intense sunlight streaming 
through windows of a room with chocolate 
brown carpets and dark wall paneling will likely 
give too much contrast in brightness. The eye’s 

pupil will have to constantly adjust its diameter as 
the eye wanders through the differing brightness 
of contrasting areas. Making this area visually 
comfortable would involve a high illumination 
level and many electric lights.

Now consider a room bathed in soft light. You can 
hardly tell where the light is coming from because 
no area of the room appears much brighter than 
another. The walls, ceiling, floor, and work sur-
faces are light colored. People can perform tasks 
faster and with fewer mistakes with this type of 
high-quality lighting. Lighting this area requires 
far less electric lighting than the previous example 
because of its superior lighting quality.

Glare — Eliminating glare is essential for good 
lighting quality. Glare comes in at least three vari-
eties: direct glare, reflected glare, and veiling 
reflections.

Direct glare is strong light from a window or 
bright lamp shining directly into your eyes. 
Reflected glare is strong light reflected off a shiny 
surface into your eye. Veiling reflection is glare 
from a work surface like a printed page or com-
puter screen.

Types of Lighting
There are four basic types of lighting: incandes-
cent, fluorescent, high-intensity discharge, and 
low-pressure sodium.

Incandescents dominate residential lighting, fluo-
rescents dominate commercial indoor lighting, 
and high-intensity discharge lighting dominates 
outdoor lighting. These lighting types vary widely 
in their construction, efficacy, color characteris-
tics, and lamp life.

Incandescent — Incandescent lamps are the 
oldest, most common, and most inexpensive 
lamps. Incandescent light is produced by a white-
hot coil of tungsten wire that glows when heated 
by electrical current. The type of glass enclosure 
surrounding this tungsten filament determines its 
light beam’s characteristics.

Color Temperature

Color temperature compares an artificial light source to 
sunlight and skylight. 
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CHAPTER 8 COOLING

This chapter contains a mixture of information 
about the building shell, landscaping, windows, 
and mechanical cooling systems. This mixture of 
topics is necessary to develop an energy-efficient 
cooling strategy. 

How Cooling is Different than 
Heating
Cooling is the most variable type of energy con-
sumption in American homes. Two similar 
homes in the same neighborhood could differ by 
a factor of 50 for cooling costs. For example, an 
inefficient home with air conditioning could use 
$500 worth of electricity in a hot month, while a 
neighbor in a well-designed home–with no 
mechanical air conditioning–might spend only 
$10 per month on electricity to operate room fans 
and evaporative coolers.

The most effective strategies for improving cool-
ing efficiency are different from the strategies to 
improve heating efficiency. For example: 

♦ Shade trees and nighttime ventilation will 
reduce the need for air conditioning, but won’t 
reduce heating consumption. 

♦ Window glass with a low solar heat gain coeffi-
cient (SHGC) will reduce cooling load, but 
heating efficiency is improved by windows 
with a low U-factor. 

♦ Low humidity helps reduce cooling energy 
consumption, but not heating consumption.

A home’s cooling energy consumption depends 
on its shading, insulation, reflectivity, and the 
heat-tolerance of its residents. Shading the home, 
making it as reflective as possible, and using 
nighttime ventilation can reduce air-conditioning 
costs or eliminate the need for air conditioning 
altogether. 

See “Analyzing Annual Energy Costs” on page 271 
and “Annual Average Household Energy Cost by 
Region (1997)” on page 14 for information on 
cooling energy consumption.

Summer Comfort 
Principles

The combination of air temperature, radiant tem-
perature, humidity, and air movement determine 
comfort. Air temperature and radiant tempera-
ture determine the rate that a human body can 

Annual Air-Conditioning Energy Use (kWh/yr)

Region & 
A/C Type

Single 
Family

Multi-
family

Mobile 
Home

North kWh/yr kWh/yr kWh/yr

Room 200–500 100–300 300–600

Central 900–1400 400–600 1200–1800

South kWh/yr kWh/yr kWh/yr

Room 1100–1500 300–600 1000–1400

Central 3000–4600 1000–1600 2600–3400

From: Lawrence Berkeley National Laboratory, 
Energy Information Administration, and utility 
sources. For U.S, households.

Solar Radiation: Winter and Summer
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lose heat by convection and radiation, which are 
the body’s preferred cooling mechanisms. The 
relative humidity determines the rate that a 
human body can reject heat by evaporation of 
sweat, the body’s last-resort cooling system.

Air temperature and radiant temperature have a 
combined effect on human comfort. Air tempera-
ture is widely recognized as a comfort determi-
nant, but radiant temperature is equally 
important. Absorbed summer sunlight raises wall 
and ceiling temperatures, making these surfaces 
radiant heaters. 

Relative humidity is the percent at which air at 
any temperature is saturated with water vapor. Air 
at 100% relative humidity is saturated and can 
hold no more water vapor. Dew point is the tem-
perature at which condensation begins. At 100% 
relative humidity the dew point is the same as the 
air temperature. Below 100% relative humidity, 
the dew point is less than the air temperature. 

Humidity affects the choice of a cooling strategy 
during hot weather. At low relative humidity and 
low dew point, evaporative cooling and ventila-
tion are effective cooling methods. Ventilation 
works well up to about 70% relative humidity (or 
a dew point in the high 60°s). Most Americans 
use air conditioning during hot weather—when 
the dew point is above 68°F or when the relative 
humidity outdoors is over 70%.

At 70% relative humidity or above, the air feels 
either hot and sticky, or cold and clammy, and is 
not comfortable to most people. Air conditioners 
must remove moisture from indoor air to achieve 
comfort.

Moving air always makes you feel cooler, because 
it carries heat away from the skin and increases 
the evaporation of sweat. Circulating air inside 
your home is the key element to staying comfort-
able during hot weather. Rapidly moving air 
works well by itself, and can be combined with air 
conditioners, evaporative coolers, and whole-
house fans to further improve comfort.

Whenever the outdoor air temperature and 
humidity are comfortable, ventilating with out-
door air will carry heat away from the home and 
reduce air-conditioning costs.

See “Energy, Comfort, Climate” on page 36 for 
more information on human comfort.

Convection, Radiation, and Evaporation

The human body loses heat steadily by convection, 
radiation, and evaporation. Summer comfort is often 
defined as staying cool with a minimum of sweat.

Dew Point

Fill a beverage glass with warm water. Then slowly add 
ice. When condensation begins to appear, the temper-
ature of the glass has reached the dew point tempera-
ture of the air.

Convection

Radiation

Evaporation

Condensation
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Heat Gain
During the cooling season, unwanted indoor heat 
is called heat gain. There are four types of heat 
gain in the home: solar heat, internal heat, air 
leakage, and temperature-driven heat transmis-
sion.

Solar Gain — In most climates, solar heat is the 
largest heat gain, contributing about 50% of the 
heat accumulating indoors. Solar energy falling 
on the roof and coming through the windows 
accounts for most of this. Walls are less important 
as a source of solar heat.

Internal Gains — Internal gains include the 
waste heat from lighting, refrigeration, water 
heating, and other appliances, as well as the body 
heat from people inside the home. Efficient appli-
ances produce less waste heat, and so contribute 
less to summer overheating. Internal gains usually 
account for around 20% of the total summer heat 
gain.

Air Leakage — Air leakage allows hot outdoor 
air to leak into the home, and cold indoor air to 
leave. Air sealing helps reduce both summer heat 
gain and winter heat loss. Air leakage contributes 
about 20% to summer heat gain.

Heat transmission — Heat transmission 
through the shell of the home is the least impor-
tant summer heat gain because the temperature 
difference between indoors and outdoors is much 
smaller in summer than in winter. Heat transmis-
sion typically represents around 10% of the total 
cooling load.

Reflectivity
Solar energy falling on the roof and coming 
through the windows accounts for most of the 
solar heat accumulating indoors. Walls are less 
important as a source of solar heat.

Just as insulation levels (R-values) are the most 
important characteristic for low-energy heating, a 
well-shaded or reflective home enables low-
energy cooling.

The most important places to use shading and 
reflectivity are on the roof and windows. Energy 
conservation measures that block the sun before 
it strikes the roof or windows are the most effec-
tive. Trees and other plants that provide shade are 
the best long-term investment for reducing cool-
ing costs.

See “Temperature and Heat” on page 28 , “Sensi-
ble and Latent Heat” on page 28, and “Radiation” 
on page 33 for principles involved in heat gain.

Four Types of Heat Gains

Solar gain is the dominant heat gain. Air leakage and 
internal gains are about equally important. Transmis-
sion heat gains are usually least important.

Transmission

Internal gains

Solar gains

Air
leakage

Humidity’s Effect on Cooling Strategies

Dew point and relative humidity are two commonly 
reported indicators of summer humidity. The higher 
these values are, the more difficult it becomes to pro-
vide acceptable comfort without air conditioning.
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CHAPTER 9 WATER HEATING

This chapter explores types of water-heating sys-
tems along with energy-efficiency and mainte-
nance issues relating to water heating.

A domestic hot-water system consists of: a heat 
source, a heat exchanger, a piping system, and 
plumbing fixtures like showers and sinks. Most 
domestic hot-water systems also have storage 
tanks. The heat source is a gas or oil burner, elec-
tric heating elements, a heat pump, or a solar col-
lector. Heat exchangers usually consist of metal 
tanks or pipes.

A vast majority of North Americans use storage 
water heaters consisting of a tank, insulation, and 
a heating device which uses gas, oil or electricity. 
Recent improvements in water heaters include 
more and better tank insulation and improved 
combustion systems.

Water-heating Energy Use
The average household uses around 3500 kilo-
watt-hours of electricity or 230 therms of natural 
gas to heat water annually. Water heating con-
sumes approximately 15% of the electricity and 
25% of the natural gas used in residences. Water 
heating is the most variable class of energy con-
sumption among families and varies according to 
water-heater capacity, climate, economic status, 
work schedule, and age.

Water heaters use energy in three ways: demand, 
standby, and distribution. Demand means energy 
is used for heating incoming cold water up to the 
temperature setpoint as hot water in the tank is 
used. Demand energy depends on water heater 
efficiency, occupant behavior, and consumption 
of fixtures like shower, clothes washer, and dish-
washer.

Standby energy accounts for heat lost through the 
storage tank’s walls. Standby losses amount to 
20% to 60% of the total water-heating energy. 
Households using less hot water have a higher 
percent of standby losses.

Distribution losses consist of heat escaping 
through the pipes and fixtures. Pipes near the 
water heater lose heat even when water isn’t flow-
ing because hot water rises out of the tank, cools 
off in the nearby pipes, then falls back down into 
the tank.

Water-heating Capacity
Americans use 15 to 40 gallons of hot water per 
day per person. Designing or selecting a water 
heater involves consideration of the first-hour rat-
ing and the storage capacity.

Hourly peak hot-water flow rate in gallons per 
hour is known as the first-hour rating or recovery 
capacity—an important design consideration for 
water-heating systems. The size of heating equip-
ment, capacity of storage tanks, and design of pip-
ing systems is determined by recovery capacity 
needed by a building.

Water-heating systems are designed for recovery 
capacities of 3 to 20 gallons per hour per resident. 
Multifamily buildings—especially large ones—
need less recovery capacity per resident or dwell-

Typical Consumption According to Family Size

Number of 
Residents

Annual 
kWh

Annual 
Therms

 Gallons
Per Day

1 2700 180 25

2 3500 230 40

3 4900 320 50

4 5400 350 65

5 6300 410 75

6 7000 750 85

Author’s interpretation of single-family house 
data from Energy Information Administration, 
Lawrence Berkeley Laboratory, Home Energy Mag-
azine, and others.
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ing unit because of residents’ differing schedules. 
Suggested recovery capacities for multifamily 
range from 3 to 10 gallons per hour per resident.

Storage capacity, the amount of water in the stor-
age tank, relates to the number of occupants or 
number of dwelling units in a building. Storage 
capacity typically varies from 8 to 20 gallons per 
person or 30 to 65 gallons per living unit. Most 
single-family homes have 40-gallon or 50-gallon 
storage tanks.

Water-heating Efficiency
There are several types of efficiencies used to rate 
water-heating systems. The energy factor is the 
most common efficiency for single-family water 
heaters. Energy factor assumes that residents use 
64 gallons per day. It accounts for energy losses 
during the water-heating process, by a pilot light, 
and through the storage tank. Its numerical 
value—a decimal between 0.50 and 1.0—
describes the fraction of the water heater’s energy 
input that actually remains in the water leaving 

the storage tank. In 2004, the current required 
minimum energy factors are 0.59 for gas and oil 
water heaters and 0.90 for electric water heaters.

Recovery efficiency accounts for just the losses 
during the water-heating process. A storage water 
heater’s energy factor is less than its recovery effi-
ciency. For demand water heaters without pilot 
lights, recovery efficiency is the same as their 
energy factor because they have no storage losses.

Overall system efficiency includes all losses and 
measures the efficiency of the water heater and its 
distribution system in providing heated water to 
points of use.

Energy Factors: Required and Best Available

New Water Heater Required 
Best 

Available

Electric 0.90 0.92–0.95

Natural Gas 0.59 0.62–0.65

Oil 0.59 0.62–0.68

Water-Heating Efficiency

The various efficiencies used for rating water-heating systems account for losses in the combustion process, 
standby losses, and distribution losses.

Output
35%-70%
of input

Distribution Losses   2%-25% of input

Standby losses 0%-70% of input
Input
100%

Recovery
Efficiency

Overall
System

Efficiency

Energy
Factor

Combustion losses 10%-30% of in
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The American Council for an Energy Efficient 
Economy lists the most efficient storage water 
heaters in their annual guide, The Consumer 
Guide to Home Energy Savings. See “Bibliogra-
phy” on page 304.

Water-heater Design Types
Design of water-heating systems is based on three 
interrelated factors: recovery capacity (gallons per 
hour), energy input (BTUs per hour), and storage 
capacity (gallons). These are determined by occu-
pancy, number of plumbing fixtures, and per cap-
ita use.

Fuels for water heating include: fossil fuel, elec-
tricity, solar energy, and waste heat recovery. Each 
of these fuels can be used directly or indirectly. 
Direct water heating applies the fuel’s heat to only 
one heat exchanger—a tank or pipes containing 
domestic hot water. Indirect water heating applies 
heat collected by water or air in a remote area to 
heat the domestic hot water. This remote heat 
comes from a boiler, solar collector, or waste heat 
exchanger. Indirect water heaters employ two or 
more heat exchangers.

Storage Water Heaters

Most single-family homes use direct storage water 
heaters that combine the heating device, heat 
exchanger, and storage tank into one unit. Single-
family, storage water heaters hold 30 to 80 gallons 
of water. Their tanks are insulated with fiberglass 
or plastic foam insulation and covered with outer 
jackets of painted sheet metal. Hot water exits the 
top of the tank, and cold water enters through a 
tube extending to the tank’s bottom.

Older storage water heaters, insulated with fiber-
glass, have a thermal resistance (R-value) of R-3 
to R-6, while newer models have R-7 to R-25. The 
extra cost of the better insulated water heaters will 
be returned to the buyer in energy savings in a 

year or less. Improved insulation is the only sig-
nificant, recent improvement to electric storage 
water heaters.

A thin layer of glass, mineral, or plastic coats the 
steel tank’s inside for corrosion resistance. A 
metal rod attached to the top of the tank, called 
the sacrificial anode, also protects the tank’s steel 
parts from corrosion.

Storage water heaters with better warranties 
incorporate features like improved tank coatings, 
auxiliary sacrificial anodes, and curved dip tubes 
that make flushing more effective at removing 
sediment.

Standard Gas Water Heater

Combustion air enters the bottom, combusts with gas, 
then rises through the flue which is surrounded by 
water. The gases heat the water as they rise through 
the tank. Dilution air enters through the draft diverter.

Flue

Draft diverter

Chimney

Dilution air

Burner

Gas valve
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CHAPTER 10 HEALTH AND SAFETY 

“First, do no harm.” This statement has been an 
admonition to many a service provider and is 
particularly relevant to the field of building 
energy efficiency. Unless a service provider recog-
nizes existing problems and potential for new 
ones, calamity will eventually pay a call.

Weatherization work often interacts with a build-
ing’s pre-existing hazards. When this interaction 
occurs, we want to remove, or at least mitigate, 
the hazard, and never aggravate it. The job site 
presents a series of hazards that workers must rec-
ognize and avoid.

Carbon monoxide from combustion appliances, 
for example, is frequently encountered during 
weatherization work. Moisture and fire also 
present major hazards to human health and 
safety, and are the leading causes of building dam-
age. Energy technicians should take the opportu-
nity to add extra value to their work by reducing 
the danger of these hazards.

Exposure to toxic substances in the home and at 
work is probably the greatest long-term health 
hazard we face. Accidents are the fourth leading 
cause of death in the United States, and constitute 
the greatest short-term hazard in our lives.

Home energy conservation modifications can 
create health and safety hazards if workers and 
occupants are not aware of the potential prob-
lems. Educating workers and occupants about the 
hazards at home and at the work site reduces the 
chances of accidents and exposure to toxic sub-
stances.

Indoor Pollutants

Air pollution is the most serious long-term health 
hazard in the indoor environment. By-products 
from combustion appliances and environmental 
tobacco smoke are the biggest contributors to 
indoor air pollution. Both of these sources con-

tain multiple toxins, including carbon monoxide 
(CO), nitrogen oxides, volatile organic com-
pounds (VOC), and fine dust particles, which are 
inhaled deeply into the lungs.

Dust also results from construction and other 
activities. Smaller and lighter dust particles are 
more dangerous than larger, heavier particles 
because they remain airborne for longer periods 
of time, and they settle more deeply in the lungs. 
The sharpness and chemical activity of dust parti-
cles affects the danger they present. A dusty envi-
ronment also magnifies radon’s danger by 
providing a transport mechanism that carries 
radon into the lungs.

See “Minimum Ventilation Requirement (MVR)” on 
page 79 and Appendix A-21 Indoor Air Pollutants 
for more information on indoor air quality.

Combustion By-products
The most common sources of combustion by-
products in indoor air of residential buildings are 
unvented combustion space heaters, gas ranges, 
vented combustion space heaters, central heating 

Sources of Carbon Monoxide (CO)

When CO is suspected in health problems, all the 
potential sources should be considered.
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systems, and tobacco smoke. Unvented space 
heaters and gas ranges release all their combus-
tion by-products into the indoor air. Vented space 
heaters may spill combustion by-products, tem-
porarily or continuously, while they are operating. 
Continuous spillage from the vent of a combus-
tion appliance is called backdrafting. Spillage from 
wood stoves can be particularly dangerous 
because wood smoke contains numerous toxins 
in high concentrations.

The chief causes of backdrafting and spillage in 
central heating systems and vented space heaters 
are: blocked chimneys; chimney air leaks; cracked 
heat exchangers; improperly designed or installed 
venting; and a depressurized zone near a furnace, 
water heater, or room heater. Furnace fans, 
exhaust fans, clothes driers, and chimneys can 
depressurize this combustion zone. Chimneys 
that are backdrafting or spilling should be 
inspected for blockage, leaks, and depressuriza-
tion.

Technicians should test chimneys to ensure that 
they have proper draft and little or no carbon 
monoxide. Chimney testing is especially impor-
tant as part of air sealing work, which may alter 
the home’s pressure conditions. Draft in atmo-
spheric-draft appliances should be negative 1-to-5 
pascals (0.004-to-0.020 inches of water) depend-
ing on the outdoor temperature—colder outdoor 
temperatures should produce higher chimney 
draft. Measured pressure differences between out-
doors and the combustion zone should not 
exceed 4-to-5 pascals, with exhaust fans and fur-
nace fan running during a worst-case depressur-
ization test. The combustion heater should spill 
for no longer than 30 seconds under these worst-
case test conditions.

See “Combustion Safety and Efficiency” on 
page 146.

Carbon monoxide (CO) — Carbon monoxide 
(CO) is released by combustion appliances, auto-
mobiles, and cigarettes as a product of incomplete 
combustion. CO is the largest cause of injury and 
death from gas poisoning, resulting in more than 
500 deaths per year. Many more people are 
injured by high concentrations of the gas, or sick-
ened by lower concentrations of 5-to-50 parts per 
million (ppm). The symptoms of low-level CO 
exposure are similar to the flu, and may go undi-
agnosed.

CO blocks the oxygen-carrying capacity of the 
blood’s hemoglobin, which carries vital oxygen to 
the tissues. At low concentrations (5-to-50 ppm), 
CO reduces nerve reaction time and causes mild 
drowsiness, nausea, and headaches. Higher con-
centrations (50-to-3000 ppm), lead to severe 
headaches, vomiting, and even death, if the high 
concentration persists. The effects of CO poison-
ing seem to be largely reversible, except for expo-
sure to very high levels, which can cause brain 
damage.

The EPA’s suggested maximum 8-hour exposure 
is 9 ppm in room air. Room levels of CO at or 
above 9 ppm are usually associated with the use of 
malfunctioning combustion appliances within the 

Electronic CO Testers

Electronic CO testers give a digital readout of CO in 
parts per million. You should test combustion gases as 
they leave the heat exchanger before they are diluted.

50

5

+–

+–



Residential Energy 237

Copyright 2009 by Saturn Resource Management. Inc. 

living space. These include: unvented combustion 
space heaters, gas ranges, leaky wood stoves, and 
backdrafting vented space heaters. Backdrafting 
furnaces and boilers may also lead to high levels 
of CO. CO is a common problem in low-income 
housing, affecting 20% or more of residential 
buildings in some regions.

The most common CO-testing instruments are 
electronic sensors with a digital readouts in parts 
per million (ppm). Unvented combustion appli-
ances should operate with virtually no CO pro-
duction and vented appliances should produce no 
more than 100 ppm of CO in the flue gas, mea-
sured before the dilution device. CO is normally 
tested near the flame or at the exhaust port of the 
heat exchanger. CO is usually caused by one of the 
following:

♦ Flame interference from a part of the heating 
device (a pan over a gas burner on a range top, 
for example)

♦ Flame interference from dirt and debris

♦ Misalignment of the burner

♦ Inadequate combustion air

♦ Backdrafting of combustion by-products onto 
the flame

Environmental tobacco smoke — Tobacco 
smoke contains more than 3800 chemicals, which 
include carbon monoxide, ammonia, formalde-
hyde, and nicotine. According to the EPA, ciga-
rette smoke is responsible for 39% of all exposure 
to indoor air pollutants.

An estimated 1000 Americans die every day from 
smoking-related diseases such as lung cancer, 
emphysema, bronchitis, and heart disease. The 
EPA estimates that 3,000 nonsmokers die each 
year from cancer brought about by secondhand 
smoke. The American Heart Association esti-
mates that 37,000 people die annually in the U.S. 
from heart disease related to secondhand smoke. 
Cigarettes are responsible for more deaths than all 
accidental and environmental causes combined.

Nitrogen oxides, hydrocarbon dust, and 
volatile organic compounds — Nitrogen 
oxides are created naturally by the combustion of 
hydrocarbons in air, which is about 80% nitrogen. 
Nitrogen dioxide stunts pulmonary development 
and increases respiratory ailments in children. In 
healthy adults, nitrogen dioxide causes impaired 
respiratory function at 2 ppm, and sometimes 
less.

Wood stoves, unvented kerosene space heaters, 
and cigarette smoke release fine hydrocarbon dust 
and volatile organic compounds (VOCs) into the 
indoor air. The fine particles in smoke can pene-
trate deeply into the lungs and contribute to a 
variety of respiratory illnesses.

Other common sources of VOCs are: solvents and 
cleaners; paints and varnishes; and furniture, car-
peting, and draperies. The VOC formaldehyde is 
particularly prevalent in new homes, because so 
many new home components—from plywood 
and sheetrock to cabinets and carpet—contain 
formaldehyde. Formaldehyde is a respiratory irri-
tant, a sensitizer, and a probable carcinogen. The 
World Health Organization considers formalde-
hyde levels of 0.10 ppm the limit for continuous 
exposure. Symptoms of overexposure to formal-
dehyde include watery eyes and persistent respi-
ratory distress. Formaldehyde levels of new 
homes and newly renovated buildings sometimes 
produce these symptoms.

Radon
Radon is a dangerous indoor air pollutant that 
comes from the ground through rocky soil. Stud-
ies predict 16,000 lung cancer deaths per year 
caused by radon.

Radon is a radioactive gas, whose decay particles 
cling to dust and can mutate lung tissue. The con-
centration of radon varies widely, both regionally 
and within regions. Energy conservation work 
probably has little effect on radon concentrations. 
However, all housing specialists should be aware 
of radon’s danger, radon testing procedures, and 
radon mitigation strategies.
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APPENDICES

Glossary
Absolute humidity  - Air moisture content 
expressed in grains (or pounds) of water vapor 
per pound of dry air. Also called: humidity ratio.

Absorptance - The ratio of a solar energy 
absorbed to incident solar. Also called 
absorptivity.

Absorption - A solid material’s ability to draw in 
and hold liquid or gas.

Accent lighting - Lighting that illuminates walls, 
reducing brightness contrast between walls and 
ceilings or windows.

Ambient lighting - Lighting spread throughout 
the lighted space for safety, security, and 
aesthetics.

Air barrier - Any part of the building shell that 
offers resistance to air leakage. The air barrier is 
effective if it stops most air leakage. The primary 
air barrier is the most effective of a series of air 
barriers.

Air changes per hour at 50 pascals (ACH50) - 

The number of times that the complete volume of 
a home is exchanged for outside air each hour, 
when a blower door depressurizes the home to 50 
pascals.

Air conditioning - Cooling buildings with a 
refrigeration system. More generally means both 
heating and cooling.

Air exchange - The total building air exchanged 
with the outdoors through air leakage and 
ventilation.

Air handler - A steel cabinet containing a blower 
with cooling and/or heating coils connected to 
ducts.

Asbestos - A material made of brittle mineral 
fibers that damage lungs and other bodily tissues.

Audit - The process of identifying energy 
conservation opportunities in buildings.

Ampere - A unit of measurement of electrical 
current flow. A coulomb per second.

Annual fuel utilization efficiency (AFUE) - A 
laboratory-derived efficiency rating for heating 
appliances which accounts for chimney losses, 
jacket losses, and cycling losses.

Annual return - The yearly savings divided by 
the initial cost needed to achieve the savings, 
expressed as a percent.

Approach temperature - The temperature 
difference between the fluid inside a heat 
exchanger and the fluid outside it.

Aquastat - A heating control that switches the 
burner or the circulator in a hydronic heating 
system.

Backdrafting - Continuous spillage of 
combustion gases from a combustion appliance.

Backdraft damper - A damper, installed near a 
fan, that allows air to flow in only one direction.

Backer rod - Polyethylene foam rope used as a 
backer for caulking.

Baffle - A plate or strip designed to retard or 
redirect the flow of flue gases.

Balance point - The minimum outdoor 
temperature at which no heating is needed.

Ballast - A coil of wire or electronic device that 
provides a high starting voltage for a lamp and 
limits the current from flowing through it.

Band joist - See Rim joist.
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A-2  Geometry
Plane Geometry Solid Geometry

w

l

Rectangle
Area: A = lw
Perimeter: P = 2l + 2w

Square
Area: A = s 2

Perimeter: P = 4s
s

A

B

C

h

b Triangle
Area: A = 1/2bh
Sum of angles:
A + B + C = 180°

Right Triangle
Pythagorean Theorem:
a2 + b2 = c2a

c

b

Parallelogram
Area: A = b • h

Trapezoid
Area: A = 1/2h(a + b)

Circle
Area: A = πr 2

Circumference:
C = πd =2πrr

d

h

h

a

b

w
h

l

r

h

s

h

r

Right Circular Cone
Volume: V = 1/3πr2h
Lateral Surface Area:
L = πrs
Total Surface Area:
S = πr2 + πrs

Sphere
Volume: V = 4/3πr3

Surface Area: S = 4πr 2

Rectangular Solid
Volume: V = lwh

Cube
Volume: V = s 3

Right Circular Cylinder
Volume: V = πr2h
Lateral Surface Area:
L = 2πrh
Total Surface Area:
S = 2πrh + 2πr2

s

b



Residential Energy 301

Copyright 2009 by Saturn Resource Management. Inc. 

A-24  Energy-Efficiency Organizations
Advanced Energy Corporation (AEC), 909 
Capability Drive, Raliegh, NC 27606. 919-857-
9000. www.advancedenergy.org. A nonprofit cor-
poration that provides utility companies with 
information about energy efficiency. Specializes 
in energy-efficient installation and service of resi-
dential heating and cooling systems.

Air Conditioning Contractors of America 
(ACCA), 2800 Shirlington Rd., Suite 300, Arling-
ton, VA 222. 703-575-4477. www.acca.org. The 
most active and widely recognized organization 
representing contractors in the HVAC industry. 

Air Conditioning & Refrigeration Institute 
(ARI), 4100 N. Fairfax Drive, Suite 200, Arling-
ton, VA 22203. 703-524-8800. www.ari.org. Asso-
ciation representing manufacturers of air 
conditioning, refrigeration, and heating equip-
ment. Provides a variety of services including an 
information center for dissemination of general 
information on the industry and the industry’s 
products.

American Council for an Energy-Efficient 
Economy (ACEEE), 1001 Connecticut Ave. NW, 
Suite 801, Washington, DC 20036. 202-429-8873. 
www.aceee.org. ACEEE collaborates with other 
groups on research into the benefits of energy 
efficiency, and publishes many reports.

American Gas Association (AGA), 400 N. Capi-
tol St. NW, Washington, DC 20001. 202-824-
7000. www.aga.org. The AGA publishes reports 
on gas efficiency in restaurants, chain stores, 
cogeneration, gas-fired HVAC, gas-fired heating, 
cooling, and water heating equipment, and 
numerous case studies.

American Solar Energy Society, Inc. (ASES), 
2400 Central Ave. G-1, Boulder, CO 80301. 303-
443-3130. www.ases.org. ASES is a nonprofit edu-
cational organization that encourages the use of 
solar energy technologies. ASES publishes Solar 
Today.

American Home Lighting Institute, PO Box 
420288, Dallas, TX 75342-0288. 1-800-605-4448. 
www.americanlightingassoc.com. Offers infor-
mation, products, services to general public, edu-
cational events and technical assistance to 
members regarding residential lighting energy 
conservation.

American Society of Heating, Refrigerating and 
Air Conditioning Engineers (ASHRAE), 1791 
Tullie Circle NE, Atlanta, GA 30329. 404-636-
8400. www.ashrae.org. Dedicated to the advance-
ment of heating, refrigeration, air conditioning, 
and ventilation technology and theory. Sponsors 
research and develops standards documents that 
help establish acceptable levels of performance for 
buildings and mechanical equipment. The 
ASHRAE Handbooks, technical texts on energy 
fundamentals and systems, and ASHRAE Journal, 
the Society’s monthly magazine, are considered 
essential sources of information for mechanical 
engineers. Large publications catalog.

Association of Energy Engineers (AEE), 4025 
Pleasantdale Road, Suite 420, Atlanta, GA 30340. 
770-447-5083. www.aeecenter.org. Membership 
organization of engineers, architects, and other 
professionals with an interest in energy efficiency 
and energy-related product manufacturers. Pro-
motes scientific and educational interests of pro-
fessionals engaged in energy management, 
cogeneration, and overall efficiency improve-
ments. 

Building Enclosure Council, c/o National Insti-
tute of Building Sciences, 1090 Vermont Ave., 
Suite 700, Washington, DC 20005. 202-289-7800. 
www.nibs.org/betechm.html. Assists the building 
community with building regulations; encourages 
the acceptance of new products and technology, 
and provides relevant technical information. Pub-
lications include many research reports and con-
ference proceedings.

http://www.acca.org
http://www.acca.org
http://www.ari.org
http://www.ari.org
http://www.aceee.org
http://www.aceee.org
http://www.aga.org
http://www.aga.org
http://www.ases.org
http://www.ases.org
http://www.ases.org
http://www.americanlightingassoc.com
http://www.americanlightingassoc.com
http://www.ashrae.org
http://www.ashrae.org
http://www.aeecenter.org
http://www.aeecenter.org
http://www.nibs.org/betechm.html
http://www.nibs.org/betechm.html
http://www.nibs.org/betechm.html
http://www.advancedenergy.org
http://www.advancedenergy.org
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Building Performance Institute, 10 Hermes 
Road Suite 200, Malta, NY 12020. 518-899-2727. 
www.bpi.org. Certifies technicians working in the 
weatherization and home performance fields. 
Manages both classroom and field testing of tech-
nicians.

Building Science Corporation, 70 Main St., 
Westford, MA 01886. 978-589-5100. www.build-
ingscience.com. Consulting and publishing on 
building science and sustainable building con-
struction. Website has great information on 
building science.

Building Research Council, University of Illinois 
At Urbana-Champaign, One East St. Mary’s Road, 
Champaign, IL 61820. 217-333-1801. 
brc.arch.uiuc.edu/pubprof.htm. Established by 
the University of Illinois as an agency for 
research, publication, education, and public ser-
vice in the area of housing and building. Pub-
lishes Council Notes, which are fact sheets about 
home remodeling, maintenance, and building.

California Energy Commission (CEC), Publica-
tions MS-13, 1516 Ninth Street, P.O. Box 944295, 
Sacramento, CA 94244-2950. 916-654-4287. 
www.energy.ca.gov. The CEC’s publications cata-
log lists many written information resources on 
building technology and building energy stan-
dards.

Canada Mortgage and Housing Corporation 
(CMHC), 700 Montreal Road, Ottawa, Ontario, 
Canada. 613-748-2367. www.cmhc-schl.gc.ca/en/
index.cfm. Produces many valuable research 
reports, booklets, and fact sheets on a wide vari-
ety of topics relating to single-family and multi-
family buildings. 

Electric Power Research Institute (EPRI), P.O. 
Box 10412, Palo Alto, CA 94303. 415-855-2000. 
www.epri.com. The electric power industry’s 
research institute. Its publications and research 
reports are searchable on-line through EPRINET 
and the EPRI data base on DIALOG. Reports 
span energy-efficiency, renewable-energy, and 
waste-management topics related to electric 

power. Publishes the EPRI Journal, which sum-
marizes EPRI research activities, eight times a 
year. 

Energy Efficiency and Renewable Energy Clear-
inghouse (EREC). 800-363-3732. 
www.eere.doe.gov. EREC provides free general 
and technical information to the public on many 
topics and technologies pertaining to energy effi-
ciency and renewable energy.

Energy Efficient Building Association (EEBA), 
10740 Lyndale Avenue, South, Suite 10W, Bloom-
ington, MN 55420-5615. 952-881-1098. 
www.eeba.org. Dedicated to the development, 
dissemination and acceptance of information on 
the design, construction, and operation of effi-
cient buildings. EEBA offers professional and 
technical publications and conference proceed-
ings.

Energy Ideas Clearinghouse, 925 Plum St. SE, 
Townsquare Bldg. #4, PO Box 43165, Olympia, 
WA 98504. 360-956-2237. www.energyideas.org. 
A very helpful and comprehensive source for 
technical information about demand-side man-
agement (DSM) in commercial and industrial 
facilities. Toll free access available from most of 
the Western U.S.

Florida Solar Energy Center (FSEC), 1679 
Clearlake Rd., Cocoa, FL 32922. 321-638-1015. 
www.fsec.ucf.edu. For anyone building in hot, 
humid climates, FSEC is a necessary information 
resource. Publications cover topics such as passive 
cooling, radiant barriers, moisture control in hot 
climates, shading techniques, air leakage, air-con-
ditioner performance, and more.

HUD User, P.O. Box 23268, Washington, DC 
20006-3268. 800-483-2209. www.huduser.org. 
HUD User is the information source for research 
reports and other information generated with 
HUD funding and through HUD programs. Sup-
plies a great variety and number of reports.

Illuminating Engineering Society of North 
America (IES), 120 Wall St., 17th floor, New 
York, NY 10005-4001. 212-248-5000. Technical 

http://www.energy.ca.gov
http://www.energy.ca.gov
http://www.bpi.org
http://www.bpi.org
http://www.buildingscience.com
http://www.buildingscience.com
http://www.cmhc-schl.gc.ca/en/index.cfm
http://www.cmhc-schl.gc.ca/en/index.cfm
http://www.epri.com
http://www.epri.com
http://www.epri.com
http://www.eere.doe.gov
http://www.eere.doe.gov
http://www.eeba.org
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society dealing with the art, science, or practice of 
illumination. Provides speakers, referrals, and 
assistance with technical problems. Conducts 
area symposia and seminars; workshops and 
lighting exhibitions; slide presentations. Publica-
tions include: IES News and Lighting Design and 
Application, monthly. Also publishes standards, 
reports, booklets and guides.

Lawrence Berkeley Laboratory (LBL), Center 
for Building Technologies, MS90-3111, Berkeley, 
CA 94720. 510-486-6845. http://eetd.lbl.gov/
bt.html. Conducts research in energy analysis, 
energy-efficient windows, and lighting systems. 
Pioneered end-use planning and continues to 
monitor and inventory cost-effectiveness of 
energy-saving technologies in residential and 
commercial buildings. 

National Association of Home Builders 
(NAHB), National Research Center (NRC), 1201 
15th Street, N.W., Washington, DC 20005. 800-
368-5242. www.nahb.com. Sells many books and 
publications on energy-efficient buildings and all 
other aspects of the building industry.

National Center for Appropriate Technology 
(NCAT), P.O. Box 3838, Butte, MT 59702. 406-
494-4572. www.ncat.org. NCAT is a good source 
of information on residential energy efficiency 
programs operated by utility companies and 
states.

National Fenestration Rating Council (NFRC), 
8484 Georgia Ave., Suite 320, Silver Springs, MD 
20910. 301-589-1776. www.nfrc.org. A collabora-
tion between industry, government, and public 
interest groups working to establish a viable and 
economical fenestration rating system that will be 
used by product manufacturers in marketing win-
dows. 

National Renewable Energy Laboratory 
(NREL), 1617 Cole Blvd., Golden, CO 80401-
3393. 303-275-3000. www.nrel.gov. The DOE’s 
solar and renewable energy laboratory. Performs 
many kinds of building energy research. Produces 
publications on energy efficiency for the DOE.

Oak Ridge National Laboratory (ORNL), Build-
ings Technology Center, Battelle, UT, P.O. Box 
2009, Oak Ridge, TN 37831-8218. www.ornl.gov/
sci/btc/index.shtml. Under contract to the U.S. 
Dept. of Energy, its building research facility per-
forms thermal testing on full size building com-
ponents. The results of the lab’s research are 
published and available to the public for a nomi-
nal price.

Residential Energy Services Network (RES-
NET). P.O. Box 4561, Oceanside, CA92052. 760-
806-3448. www.resnet.us. National organization 
of energy raters and rating organizations. Mis-
sion: To develop a national market for home 
energy rating systems and energy efficient mort-
gages.

Southface Energy Institute, 241 Pine St. NE, 
Atlanta, GA 30308. 404-872-3549. www.south-
face.org. Nonprofit educational institute focuses 
on energy-efficient building for the southern 
states. Website has a good question-and-answer 
section.

Sustainable Buildings Industry Council, 1331 H 
Street, N.W., Suite 1000, Washington, DC 20005. 
202-628-7400. www.sbicouncil.org. Mission is to 
advance the design, affordability, energy perfor-
mance, and environmental soundness of residen-
tial, institutional and commercial buildings.

Texas A&M University, Energy Systems Labora-
tory, College Station, TX 77843-3123. 409-845-
1560. www-esl.tamu.edu. Performs research and 
publishes reports on residential and commercial 
air conditioning and other topics related to com-
fort in buildings in hot and humid climates.

U.S. Green Building Council (USGBC), 1800 
Massachusetts Ave. NW Suite 300, Washington, 
DC 20036. 202-828-7422. www.usgbc.org. 
Administers Leadership in Energy and Environ-
mental Design (LEED), an educational and rating 
system for green buildings.

http://http://eetd.lbl.gov/bt.html
http://http://eetd.lbl.gov/bt.html
http://www.nahb.com
http://www.nahb.com
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INDEX

A
Absorbance, 35
AFUE. See Annual fuel utilization 

efficiency.
Air barriers, 110

as moisture barriers, 110
building components as, 58
drywall, 110
facings as, 110
flaws in, 82
function of, 61
plaster and stucco as, 110
testing, 82-85
wood sheathing, 110

Air conditioners, 208, 249
efficiency of, 210
energy-efficient, 210
history, 13
maintenance, 216
mini-split system, 209
performance of, 214
professional service, 216
room, 209
sizing, 211

See also cooling load.
Air exchange

assumptions for new buildings, 69
calculating, 69
latent and sensible heat, 69

Air filters
changing, 157
location, 157

Air handler
See also Blowers, Furnaces.
air leakage from/near, 85, 87
house pressure from, 81

Air leakage
See also Air sealing, Thermal bypass.
ACH50 and ACHn comparisons, 65
and building construction, 90
and conduction, 101
and cooling, 204
and cooling load, 70
and heating load, 65
and ventilation systems, 74
around plumbing, 93
at chimneys, 94
at kitchen soffits, 90
calculation, 68
cathedral ceilings, 91
CFM50, 78

economic limits, 81
concrete block walls, 93
crack method of estimating, 73
direct/indirect, 74, 82
driving forces for, 75
dropped ceilings, 90
ducts, 83

finding leaks, 86
during renovation, 96
effect on insulation, 61
elevator shafts, 95
finding air leaks, 82, 83
floor cavities, 92
fundamentals of, 58
in high-rises, 95
measurements of, 79
multifamily, 94
porch roofs, 92
pressures driving, 76
principles of, 74
rates through materials, 73, 83
recessed light fixtures, 94
requirements for, 74
single-family, 90
sites, 90

illustration, 82
smoke testing, 83
split-level homes, 92
through roof/wall junctures, 92
through wall cavities, 91
windows, 124-125

Air pollution
indoor, 249

carbon monoxide, 236
combustion by-products, 235
tobacco smoke, 237

Air pressure. See House pressure.
Air sealing

See also Air leakage.
adhesives and, 100
approximate guidelines, 81
benefits of, 73
chimneys, 94
economic limits, 80-81
elevator shafts, 95
icynene foam, 99
interior/exterior, 96
materials, 97
methods, 96
methods/materials, 96-100
of thermal flaws, 90
one-part foam, 99

stairways, 93
strategy, 96
two-part foam, 99

Air vents (for steam), 168
Air/vapor barrier, 244
Airflow

air handlers, 158
Air-to-air heat exchangers, 247
Allergies

causes of, 238
American Gas Association

venting categories, 142
American Society for Testing and 

Materials, 122
American Society of Heating, 

Refrigeration and Air Conditioning 
Engineers, 122

Amperage, 40
Annual fuel utilization efficiency

and draft, 141
and energy-efficient heaters, 172

Annual fuel utilization efficiency 
(AFUE), 144

Annual return, 25
Appliances, 191
Approximate leakage area, 79
Aquastats, 155, 165
Asbestos, 239
Asphalt felt, 110
Attic

cellulose insulation, 107
fiberglass loose fill, 106
finished, flaws, 61
insulation baffles, 112
testing air barriers in, 84
ventilation, 112, 203

Awnings, 202

B
Backdrafting, 77, 81

eliminating, 148
of water heaters, 223

Backer rod, 99
Balance point, 36
Ballasts, 187
Balloon framing, 51

thermal weaknesses, 91
Barometric draft control, 139, 141
Baseline consumption, 22
Basement

insulation, 116-117
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insulation and moisture, 116
thermal boundaries, 60

Belt-drive blowers, 158
Benefit/cost ratio, 26
BIBS. See Blow-in batt insulation.
Bimetal elements, 42, 155
Blower door, 64, 82

See also Air leakage.
comparisons of airtightness, 65
definition, 64
early experience with, 64
economic limits, 80
finding air leaks, 83
illustration, 75
measurements by, 79
minimum ventilation guideline, 79
parts of, 78
preparing for testing, 78
smoke testing, 83
testing intermediate zones, 83-85

Blowers
adjusting control, 158
adjusting speed, 158
cleaning, 158
control circuits, 158
insulation, 112

Blow-in batt insulation, 116
Boilers, 161-162

condensation in, 167
hot boiler, 165
replacing steam, 169
sizing, 161
wall-hung, 170
water treatment, 169

Branch circuit, 45
British thermal unit

definition of, 28
BTU. See British thermal unit.
Building construction, 50-56

and air leakage, 58, 90
balloon-frame, 51
foundations, 51
mobile homes, 53
multifamily buildings, 55
platform-framing, 51
single-family, 51, 90

Building enclosure. See Building shell.
Building envelope. See Building shell.
Building inspection

finding air leaks, 82, 90
for hazards, 235
for quality assurance, 20
locating thermal boundary, 60

Building materials
roofing, 52
siding, 52

Building shell
definition, 51
heat flows, 56

insulation, 57
interactivity with heating, 66
intermediate zones, 83
irregularities in, 51
mobile home

thermal weaknesses, 53
single-family

thermal weaknesses, 52
thermal bypasses, 90

Burners, 139
atmospheric gas, 140
cleaning, 153
inshot, 140
natural gas, 152

adjusting, 153
oil gun burner, 140
power, 141
power gas, 140

Bypass. See Thermal bypass.

C
Calculations

Manual J, 72
of energy consumption, 24
of energy intensity, 24
of heat flow, 65

Capillary seepage, 240
Carbon monoxide, 236

eliminating, 153
standard for oil, 151, 153

Cathedral ceilings
thermal weaknesses, 91

Caulk, 98
durability, 98
exterior joints, 99
installation, 99
selecting, 98

Caulking. See Caulk.
Cellulose

See also Insulation.
insulation, 107

CFM50. See Air leakage.
Chimney effect. See Stack effect.
Chimneys

See also Venting, Power venters.
all-fuel, 142
draft, 140
liners for, 143
metal liners, 142
safety testing, 148, 236
types, 141-143

Circuit breakers, 44, 45
Circuit tester

use of, 45
Circuits

appliance, 45
branch, 45
components of, 40

control, 41-43
ground fault circuit interrupters, 45
home electrical, 44-46
short, 45
simple diagrams, 41

Client education. See Customer education.
Climate

and energy consumption, 17, 18
cost-effectiveness of retrofits, 19

Clothes dryers, 193
Clothes washers, 192
Coefficient of performance, 178

calculating, 214
Color rendering, 184
Combustion

chemical reaction, 38
open vs. sealed, 139
process of, 38, 138
safety, 146-154
the chemical process, 138
venting gases, 141-143

Combustion air, 77, 145, 148
control of, 172
primary/secondary, 139
requirements table, 149

Combustion chamber, 152
Combustion efficiency. See Steady-state 

efficiency.
Combustion testing, 150, 151

worst-case depressurization, 148, 236
Comfort

determinants of, 36
Commissioning

A/C & heat pumps, 216
Compact fluorescents, 187
Computers

and energy ratings, 25
for energy calculations, 71

Concrete block
air leakage, 93

Condensation
and windows, 125, 127, 130
definition of, 37
effect on insulation, 103
preventing, 242

Conditioned space
See also Thermal boundary.
definition of, 60
versus unconditioned, 60

Conduction, 56
and air leakage, 101

Conductivity
of building materials, 57

Confined spaces
combustion air, 148

Construction. See Building construction.
Consumer education, 19, 21
Consumption

baseline, 22
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Contactors
defined, illustrated, 42

Control circuits, 41
air conditioners, 213
blower/pump, 156
blowers, 158
circulators, 156
components, 41
electronic components, 43
forced-air, 158
gas valve, 153
heating, 43, 154
steam, 167
thermostats, 154
water heating, 230

Convection, 33
effect on insulation, 61, 75, 103

Cooling
See also Air conditioners, Cooling load,

Evaporative coolers.
and floor insulation, 62
with ventilation, 205

Cooling degree-days, 37
Cooling load, 49, 66, 214

calculation of, 69, 211
difficulty of calculation, 70
estimating, 211
temperature difference, 70
variation chart, 70, 212

COP. See Coefficient of performance.
Cost/benefit analysis, 25
Cost-effectiveness

calculating, 25
definition of, 19
determining, 25
factors affecting, 19
of air sealing, 80-81
of retrofits, 19

Crank timers, 190
Crawl spaces

and thermal boundaries, 60
where to insulate, 60

Cross-section
definition, 68

Cut-out controller, 166
Cycle

length of, heating, 155

D
Daylighting, 190
Degree-day

definition, 69
Dehumidifier, 249
Delivered heating efficiency, 144
Demand

electricity, 23
Design temperature

definition, 68

Diagnostic equipment
blower doors, 78
duct blower, 89
infrared scanner, 86
pressure pan, 83, 88
types of, 60

Dilution air, 138, 139, 170
Dimmers, 190
Direct-drive blowers, 158
Dishwashers, 225

and hot water use, 231
Distribution systems

losses from, 146
Doors, 133, 135

air leakage, 124
bottoms and sweeps, 135
components of, 133
storm, 134
thresholds, 135
types of, 134
weatherstrip, 135

Draft, 140, 140-141
barometric control, 139
chimney, 140
diverter, 139
fan assisted, 139

water heater, 224
in power burners, 141
inducer, 172
measuring, 148
measuring chimney, 141
positive, 141

Draft diverter, 138, 139
on storage water heaters, 222

Draft inducer. See Draft, fan assisted.
Drainage planes, 110
Duct blower

leakage to outdoors, 89
total air leakage test, 89
use of, 89

Duct liner, 160
Ducts

air flow problems, 160
air leakage, 83, 216
air-leakage comparisons, 64
as part of thermal boundaries, 61, 89
blower-door subtraction, 88
finding air leaks, 86-89
improving air flow, 213
insulation, 159
mastic, 98
return air, 160
return leaks, 87
sealing, 159
severity of leaks, 86
sizing, 160
testing for air leakage, 88

Dust
hazard to insulators, 114

Dust mites, 238

E
Economics

and energy consumption, 16
of air-sealing, 80

Education
energy, 21

Efficiency
air conditioning, 210
combustion testing, 150
delivered, 137
formula, 137
fuel-burning, 144
heating, 144
HSPF, 178
SEER/EER, 210
water heating, 220

EIFS. See Exterior insulation and finish 
systems.

Electric circuits. See also Circuits, Control 
circuits.

Electric current, 40
Electric heating, 38, 176-181

radiant, 179
Electric meter, 44
Electric thermal storage, 180
Electric water heaters, 222
Electrical symbols, 39
Electrical systems

buildings, 44
Electricity, 39

energy consumption, 40
nuclear, 14
principles, 40
usage vs. natural gas, 14

Electromagnetic spectrum, 34
Electromotive force, 40
Electronic controllers, 166
Electronic controls

components of, 44
Emittance, 34
Energy, 27

and power, 30
annual cost for, 14, 16, 22, 137, 197
calculation from power, 30
conservation strategies, 17
definition of, 27
economics, 16
efficiency vs. conservation, 14, 16
history, 13
imports, 13
intensity, 24
losses from heating systems, 144, 145,

146
measurements of, 27, 30
monitoring, 24
potential, 31



310 Index

Copyright 2009 by Saturn Resource Management. Inc. 

potential/kinetic, 27
ratings, 24-26
security, 17
storage of, 27
transport, 31

Energy audit, 49
computer, 20
computerized, 71
purpose of, 19

Energy auditor
duties of, 49, 60
training, 49

Energy bills. See Utility bills.
Energy calculations, 65-69

using computers, 71
Energy conservation

and energy efficiency, 16, 17
findings of programs, 19
goals of, 17
potential for, 17
strategies, 17

Energy consumption
cost analysis, 271
past/future graph, 15
utility bills, 22, 23

Energy cost
annual by region, 14, 16, 22, 137, 197

Energy demands
and inefficiency, 17

Energy education, 21
Energy efficiency

1976 to 1986, 16
and energy conservation, 17
goals of, 17
of new buildings, 49
potential for, 17
strategies, 17

Energy efficiency ratio, 179, 210
Energy factor, 220
Energy guide label

for air conditioners, 210
for heaters, 144
for refrigerators, 194
for water heaters, 222

Energy Information Administration, 15
Energy intensity, 24
Energy mortgages, 25
Energy rater, 25
Energy ratings

Home energy rating systems (HERS), 25
home heating index, 26
total energy index, 26

Energy sources
comparison, 14

Energy specialist
education of, 19
mission of, 20

ENERGY STAR
homes, 25

ENERGY STAR®, 16
mark, 25

Energy trusses, 119
Energy-efficient buildings

characteristics of, 49
Energy-recovery ventilators, 247
Enthalpy

change across coils, 214
changes in, 29

Envelope. See Building shell.
Environmental Protection Agency, 25
Equalizer, 168
Equations. See Calculations.
ETS. See Tobacco smoke.
Evaporative coolers, 207

energy consumption, 207
maintenance, 208
operation, 207

Excess air, 139, 145, 223
oil burners, 151

Exterior insulation and finish 
systems, 109

F
Fans

See also Blowers.
for cooling, 206

Feeder wires
connections, 44

Fenestration, 59, 121
Fiberglass

See also Insulation.
batt insulation, 105

installation, 106
medium and high density, 106

blankets, 105
duct board, 106, 159
fastening insulation to floors, 118
loose fill insulation, 106

Fill tubes, 114
Filters

changing, 157
location of forced-air, 157

Fire
hazards of materials, 110

Fire barriers, 111
Fire partitions, 112
Fireplaces

air requirements, 150
Firewalls, 112
First-hour rating, 219
Fixtures

cleaning, 190
Flame rectifiers, 147
Flame retention head oil burner, 151
Flame roll-out, 81
Flame safety controls, 147, 173
Flame-safeguard controls, 146

Flashing
window, 128, 130

Floor
heat loss, 62
insulation and cooling, 62
testing air barriers, 85

Floors
air barriers, 118
air leakage, 92
insulation, 117

Flue damper, 153
Fluids

and convection, 33
Fluorescent lighting, 187
Foam insulation

building panels, 119
concrete forms, 120
protective coverings, 109

Foundations, 51
insulation, 116-117
insulation and moisture, 116
waterproofing, 240
where to insulate, 62

Freezers, 193-194
maintaining, using, 194

Fudge factors, 66
Fuels

heating oil, 151
types, 137

Furnaces, 156
See also Heaters, Air handlers.
adjustment guidelines, 158
air filters, 157
blowers, 158
electric, 176
forced-air distribution, 156-158
improving air flow, 160
operating characteristics, 170
tune-up, 152
two-stage, 172

G
Gas fireplaces, 174
Gas heating

service, 152
Gas valve, 153
Gas. See Natural gas.
Glass

See also Insulated glass.
and cooling load, 70
assemblies, 127
coatings, 36
energy characteristics table, 121
insulated, 127
insulated glass unit, 127
low-e, 127, 203
optical characteristics, 123
shading coefficient, 123
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solar heat gain coefficient, 123, 203
solar transmittance, 59

Glazing. See Glass, Windows.
Global warming, 13
Greenhouse effect, 13, 35
Gross National Product

link to energy consumption, 16
Grounding

equipment, 46
grounded neutral, 46

Ground-moisture barriers, 244

H
Hartford loop, 168
Heat

and work, 29
conduction, 32
convection, 33
foot-pounds, 29
latent, 28
mechanical equivalent of, 29
radiation, 33
sensible, 28
specific, 28
transmission, 66

Heat anticipator, 155
Heat exchangers

testing for cracks, 147
Heat flows

in buildings, 56
types of, 32

Heat gains, 199
air leakage, 204
conduction, 205
internal, 204
roof, 203
solar, 199
through windows, 124
types, illustration, 71

Heat load. See Heating load.
Heat loss

and heat gain, 19
calculation, 68
components of, 49
definition, 65

Heat pumps, 177-179
air source, 177
geothermal, 178
hydronic, 162
performance enhancements, 176

Heat radiation. See Radiation.
Heat recovery ventilators, 247

with hydronic coils, 164
Heat transfer

in heat exchangers, 138
Heat transmission, 49

and heating load, 65
and insulation, 57

definition, 66
Heat transmittance

See also U-factor.
of doors, 121, 134
of windows, 122

Heat traps, 229
Heaters

boilers, 161-169
definition, 137
electric heat pumps, 177
energy-efficient, 171
furnaces, 156
gas fireplaces, 174
open-combustion, 139
output rating of, 66
pellet stoves, 175
room, 173
sealed-combustion, 139, 148
unvented, 174
wood, 174

Heating, 137-181
See also Heating load.
controls, 154
degree-days, 37
efficiency, 144

AFUE, 170, 171
electric, 176-181
electric resistance, 38
fluids, 156
gas, 171

adjusting input, 153
hydronic, 160
integrated space and water, 173, 226
interactivity with building shell, 66
maintenance, 154
multifamily, 161-169
natural gas

maintenance, 152
oil, 151, 171
oil heater maintenance, 151
radiant, 179
steam, 160, 167
wood, 173, 174

Heating load
calculating, 65-69
definition, 65
variation chart, 70

Heating seasonal performance factor 
(HSPF), 178

Heating systems. See Heating, Heaters.
Heat-recovery ventilators, 173
HERS, 25
HID lighting, 188
High limit

hydronic, 161
High pressure sodium lighting, 188
High-rises

See also Multifamily Buildings.
energy demand, 55

heat transmission, 55
Home energy rating systems (HERS), 25
Home heating index, 24
Homes

types and percent, 13
Hot tubs, 195
Hot water heater. See Water heaters.
Hot water tank. See Water heaters.
Hot-water space heating, 162-167
House pressure

See also Pressure diagnostics.
caused by ducts, 77
causes of, 76-77, 81-82
limits, 81-82
measurement, 75

House wrap, 97, 110
weather-resistant barriers, 110

HSPF. See Heating seasonal performance 
factor.

Humidity, 204
relative, 37

Hydronic heating, 160-169
See also Steam heating.
controls for, 165
hot-water space heating, 162-167
piping and distribution, 163
steam heating, 167-169

I
Icynene foam, 109
Ignition barriers, 111
IGU. See Insulated glass.
Illumination, 184, 188
Indoor air pollution, 80

and air sealing, 79
Infiltration. See Air leakage.
Infrared scanners, 86

use with blower door, 86
Inshot burner, 140
Inspection

for quality assurance, 20
Insulated concrete forms, 120
Insulated glass

See also Glass, insulated.
determining U-factor of, 123
heat gain through, 124
illustration, 125

Insulation
air sealing with cellulose, 96
and electrical safety, 45
and heat transmission, 57
auxiliary benefits, 101
beadboard with strips, 117
blowers, 112
blown

cost-effectiveness, 19
cellulose, 107

density, 107
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fire retardants, 107
moisture, 107
sprayed on, 116

cellulose loose fill
for air sealing, 97

characteristics of, 104
crawl space, 117
density, 102

testing for, 107
effect of air flow, 19
effect of edge gaps, 103
effect of water, 103
effect on wall cavities, 57
exterior applied, 109
extruded polystyrene, 108
facings, 110
factors affecting performance, 101
fiberglass batts, 105
fiberglass loose fill, 106

and blowing machines, 106
density, 106
installation, 107

fill tubes, 113
floor, 117
foamboard, 108

coverings for, 109
for ducts, 159
for hot water storage tanks, 228
foundation, 117
how it works, 101
icynene foam, 109
installation, 112

hoses and fittings, 113
safety, 114

installers, 112
molded polystyrene, 108
settling in walls, 114
spray polyurethane, 109, 116
swimming pools and spas, 195
thermal functions of, 101
types of, 104
vermiculite and perlite, 108

Intermediate zones
air barriers in, 83
definition, 60

Internal heat gains
and heating load, 65

International Energy Conservation Code 
(IECC), 25

J-L
Joule, James, 29
Kraft paper, 110
K-value

definition, 32
of common materials, 57

Lamps
aging, 190

group relamping, 191
Landscaping

tree planting, 200
Latent heat

and air conditioners, 29
and steam heat, 29
of fusion, 29
of vaporization, 28

Latent load, 70
Lath and plaster, 52
Lawrence Berkeley Laboratory, 122
Leakage area, 79
Life-cycle cost, 25
Light fixtures

recessed
air leakage, 94

replacing, 189
Light-emitting diode, 44
Lighting, 183-191

color, 184-185
controls, 190

crank timers, 190
dimmers, 190
occupancy sensors, 190
photocells, 190
snap switches, 190
time clocks, 190

daylighting, 190
energy efficiency, 188, 191
maintenance, 190
quality, 185

optimizing, 191
types, 185-188

compact fluorescents, 187
fluorescent, 187
high pressure sodium, 188
high-intensity discharge, 188
incandescent, 185
low pressure sodium, 188
mercury vapor, 188
metal halide, 188

Liner board, 160
Low-e coatings, 127
Low-flow showerheads, 228

M
Magnahelic, 75

See also Manometer.
Maintenance

of air conditioners, 216
of evaporative coolers, 208
of heating systems, 154
of water heaters, 231
of windows, 132

Make-up air, 77
Manometer

digital, 76
functioning of, 74, 75

liquid, 75
Manual J

calculation, 72
Manufactured home, 53

See also Mobile home.
Mastic

duct, 98
Mercury vapor lighting, 188
Metal halide lighting, 188
Minimum ventilation guideline, 79
Minimum ventilation level, 80
Mobile home

construction, 53
definition, 53
energy weaknesses, 53

Moisture, 239
and air barriers, 110
hazards of, 239
removal by air conditioners, 211
spray insulation and, 116
transport, 239

Monitoring
energy, 24

Mortgages
energy, 25

Multifamily buildings
air leakage, 94-96
construction, 55
energy weaknesses, 55
heating, 161-169
preventable inefficiency, 19
shading, 203

N
National Fenestration Rating 

Council, 121
Natural air change rate, 79
Natural gas

burners, 139, 153
combustion of, 172
condensing furnaces, 172
units of measurement, 22
water heating, 222

Natural lighting, 190
Neutral pressure plane, 76

O
Occupancy sensors, 190
Occupant education. See Customer 

education.
Oil

water heating, 222
Oil burners

excess air, 151
performance indicators, 151, 153

Oil heating, 151
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burners, 140
flame retention, 151

Oil pressure, 151, 153
Output rating

of heating system, 66

P
Parallel circuits, 41
Payback period, 25
Pellet stoves, 175
Photo cells, 190
Photocell heating control, 147
Photoresistors, 43, 44
Pilot light, 139
Pipe insulation, 230
Platform-frame construction, 51
Polyethylene film

for air sealing, 97
Polyisocyanurate

insulation, 108
R-value decrease with time, 109

Polystyrene
extruded insulation, 108
molded insulation, 108

Polyurethane
sprayed on, 116

Pools and spas, 195
Porches

thermal flaws of, 92
Potentiometers, 43
Power

and energy, 30
definition, 30
electrical, 40
units of, 30

Power bills. See Utility bills.
Power burner, 141
Power circuits, 44
Power venters, 143, 150
Pressure

See also House pressure.
and flow, 31
examples of, 31
in high-rises, 95
wind effect, 76

Pressure balancing. See Pressure 
diagnostics.

Pressure boundary. See Air barrier.
Pressure controller

for steam, 167
Pressure diagnostics, 82, 82-85

for ducts, 88
for the building shell, 84

Pressure pan, 88
Pressure-reducing valves, 228
Primary air, 139
Propane. See Natural gas.
Pumps

swimming pool, spa, 195

R
Radiant barriers, 203

savings, 203
Radiant electric heat, 179
Radiant temperature, 36
Radiation

absorptance, 33
emittance, 34
spectrum, 33
types of, 33

Radiator temperature controls, 168
Radiators, 164

air vents, 169
Radon, 237
Rain screens, 110
Rates

utility, 23
Recovery capacity, 219
Reflectance, 35
Reflective films, 201
Refrigerant charge, 216
Refrigeration cycle, 38

principles, 39
Refrigerator, 193-194

energy consumption, 194
selecting a new, 194
See also Freezers.

Relamping, 189
fluorescents, 189
incandescents, 189
with compact fluorescents, 189

Relative humidity, 242
and comfort, 37
recommended levels, 37, 241
saturation, 241
summer/winter effects, 37

Relays, 42, 165, 166
Reset controllers, 156, 166
Resistance, 31
Roof coatings

reflective, 203
Roofing, 52
Room air conditioners, 209
Room heaters

combustion, 173
electric, 179, 180-181

R-value
addition of, 68
definition, 66
of doors, 134

S
Sacrificial anode, 232
Safety

and combustion heating, 146-154
and combustion water heaters, 223
fire, 146
for combustion water heating, 223
of residents, 239

Saturation
of air, 37

Savings-to-investment ratio, 26
Sealants, 98

See also Caulk.
Seasonal energy efficiency ratio, 179, 210
Secondary air, 139
SEER. See Seasonal energy efficiency ratio.
Sensible heat factor, 211
Series circuits, 40
Shade line factor, 70
Shades

exterior, 203
Shading coefficient

of windows, 123
Sheathing, 52
Shell. See Building shell.
Short circuit, 45
Siding, 52
Single-family homes

construction, 51
energy weaknesses, 52

SIR, 26
Smoke number, 151, 153
Solar absorptance, 35
Solar heat

and heating load, 65
principles, 34

Solar Heat Gain Coefficient, 123, 203
Solar radiation

and earth’s atmosphere, 35
density, 35

Solar spectrum, 33
Solar transmittance

and cooling, 201
Solenoid, 42
Space conditioning

See also Heating, Cooling, Ventilation.
and comfort, 36

Space heaters, 180
Specific heat, 28
Split-level homes

air leakage, 92
Stack effect, 58, 76
Steady-state efficiency, 144, 151, 153

testing for, 150
Steam dome, 168

definition, 161
Steam heating, 167-169

air vents, 168
one-pipe, 167
pressure controller, 167
steam traps, 168
two-pipe, 168
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Steam traps, 169
Stick pins, 159
Storage capacity, 220
Storm doors, 134

cost-effectiveness, 19
performance, 134

Storm windows
cost-effectiveness, 19

Structural design
of buildings, 51

Stuck-ups, 159
Subcooling, 215
Sump pumps, 240
Sun screens, 201
Superheat, 215
Superinsulation, 118
Swimming pools, 195
Switches

parallel versus series, 41

T
Tankless coil, 165

for water heating, 161
Temperature, 28

and comfort, 36
and kinetic energy, 28
difference, ∆T, 32
measuring, 28
radiant, 36
spas, 195
swimming pools, 195

Thermal barriers, 111
Thermal boundary

at basements, 60
at crawl spaces, 60
definition, 60
determining, 113
insulation, 113
testing air barriers, 83

Thermal break, 51, 58
Thermal bridging, 58
Thermal bypass

See also Air leakage, Air sealing.
at kitchen soffit, 90
cathedral ceilings, 91
chimneys, 94
definition of, 61
dropped ceilings, 90
mobile home, 53
multifamily, 55
plumbing, 93
porch roofs, 92
recessed light fixtures, 94
single-family, 52
split-level homes, 92

Thermal envelope. See Thermal boundary.
Thermal transmittance, 122

See also U-factor.

Thermistors, 43, 44, 166
Thermocouple

definition, 147
Thermodynamics

laws of, 27
Thermometers

calibrating, 29
how they work, 28

Thermostats, 42, 154-155
automatic set-back, 181
for gas room heaters, 173
programmable, 155
sub-base, 216
two-stage, 177

Threshold, 135
Tobacco smoke

hazards of, 237
Tracer gas testing, 64, 86
Transformers, 41

24-volt, 42
Transistor, 44
Transmittance, 35

See also Thermal transmittance, Solar
transmittance, U-factor, Radiation.

spectrum for glass types, 123
thermal, 122

Trees, 200
benefits, 200

Trusses
raised heel, 119
scissor, 119

U
U-factor

See also U-factor.
definition, 68
illustration, 66
of windows, 122

Unconditioned spaces
definition of, 60

Unvented room heaters, 174
Urea-formaldehyde, 109
Utility bills

analyzing, 271
understanding, 22-23

U-value. See U-factor.

V
Vapor barriers, 111, 241, 243

applications, 111
materials for, 111

Vapor diffusion, 241
Vapor permeability, 241
Vapor pressure, 111, 241
Vapor-compression cycle, 39
Vapor-diffusion retarder. See Vapor 

barrier.
Vent connector

Types B & L vent pipe, 142
Vent damper, 153
Ventilation, 244

and air exchange calculation, 69
attic, 203
balanced, 248
crawl space, 244
for cooling, 205
HRVs and ERVs, 248
minimum ventilation guideline, 79
multifamily air leakage, 95
rates for safety, 80
roof and cooling, 203
spot, 246
suggested rates, 69

Venting
See also Chimneys, Power venters.
backdrafting, 148
categories, 142
combustion gases, 141-143

Vermiculite
insulation, 108

Visible transmittance
of glass, 124

Volatile organic compounds (VOC), 235
Voltage, 40

W
Water

See also Water vapor, Moisture.
leakage, 240

Water hardness, 232
Water heaters

demand, 225
design factors, 221
desuperheater, 226
electric storage, 223

performance/efficiency, 222
energy guide label, 226
first-hour rating, 219
gas storage, 222

improved, 223
indirect-fired, 162, 226
instantaneous, 225
integrated with space heating, 173, 226
maintenance, 231
multifamily, 226, 230
oil-fired, 222
orphaned, 143
recovery efficiency, 220
safety of combustion, 223
solar, 227
storage, 221

features of tanks, 221
heat losses, 219
insulation levels, 221
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tank coatings, 221
tank insulation, 228
tankless coil, 161, 226

Water heating
efficiency, 220
energy conservation, 227
flow controls, 228
hot water use, 219
maintenance, 231
setting water temperature, 231
system efficiency, 220

Water softening, 233
Water treatment

boiler, 169
Water vapor

and humidity, 241
sources of, 241

Weatherization
definition, 49
strategies, 17

Weatherization Assistance Program
energy savings from, 17

Weather-resistant barrier, 130
Weather-resistant barriers, 110
Wet return, 168
Wet-bulb temperature, 214
Wind

effect on house pressure, 76
effect on insulation, 103

Wind washing, 61
Window treatments

awnings, 202
metallized rolling shades, 202
reflective films, 201
sun screens, 201

Windows, 126
air leakage, 59, 124-125
and comfort, 59
and continuous ventilation, 59
condensation chart, 125
condensation resistance, 125
double-hung, 132
flashing, 128, 130
frame type, 126
glass assemblies, 127
insulation, 132
labels, 122
optical characteristics, 123
replacement, 128, 203
replacement costs, 121, 129
rough opening, 129
selecting new, 127
shading, 201
storm

exterior, 130
interior, 131

testing and rating, 122
types of, 126

Wiring. See Circuits.

Wood heating, 174
pellet stoves, 175

Worst-case depressurization test, 80, 148

X-Z
Zone heaters. See Room heaters.
Zones. See Intermediate zones.
Zoning

forced-air systems, 156
hydronic systems, 163, 166
with electric heaters, 181
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OTHER SATURN PUBLICATIONS

Homeowner’s Handbook to 
Energy Efficiency — Contains 
the most important information 
needed by consumers to save 
energy in the home. This highly 
illustrated booklet also provides 
solid advice for homeowners 
who plan to design and build a 
new home. 188 pages.

Energy Auditor Field 
Guide — Describes the best 
practices used in assessing the 
performance of existing homes. 
It includes step-by-step proce-
dures that identify the most 
effective energy-saving mea-
sures for a home depending on 
its type and climate.

Building Shell Field 
Guide — Includes step-by-step 
procedures for air-sealing and 
insulating attics, walls, base-
ments, and crawl spaces. Also 
includes detailed instructions 
for performing advanced 
blower-door diagnostics.

HVAC Systems Field 
Guide — Contains a wealth of 
job-tested procedures for 
improving the safety and effi-
ciency of furnaces, air condition-
ers, evaporative coolers, and 
domestic water-heating systems.

Hydronic Systems Field 
Guide — 
Describes the best procedures 
for evaluating and tuning both 
steam and hot-water heating 
systems. It outlines the best 
ways to optimize the efficiency 
of all types of hydronic delivery 
systems.

Your Mobile Home: Energy 
and Repair Guide for 
Manufactured Housing — 
Contains the collective experi-
ence of many experts in con-
struction, weatherization, and 
repair. More than 200 drawings, 
photos, charts, and graphs. A 
must have book for mobile home 
owners. 256 pages.

Your Home Cooling Energy 
Guide — Explores all the 
options for shading, ventilation, 
awnings, sun screens, window 
films, radiant barriers, insulation, 
reflective coatings, and shade 
trees to reduce cooling costs. 
Includes checklists, tables, a glos-
sary, several informative appen-
dices, and illustrations on almost 
every page. 80 pages.

Field Guide to Photovoltaic 
Systems — Provides guidance 
on preliminary site assessment, 
prediction of energy output, 
and financial analyses of resi-
dential and light commercial 
photovoltaic systems. 22 pages.

See our other products or place an order:
Phone toll-free: 800-735-0577
Online: http://srmi.biz
E-mail: orders@srmi.biz
Mail:
Saturn Resource Management, Inc.
324 Fuller Ave. Suite C2
Helena, MT 59601-9984

Online Training
www.SaturnOnline.biz
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