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Chapter 1: Introduction

Figure 1.1 Commercial buildings comprise a wide
variety of building_types.




Figure 1.2 Effective energy work requires not only
good energy audits but effective energy

improvements—the actual changes that can
transform a building.

Figure 1.3 Understanding what we see leads to better
energy improvements.

Chapter 2: Overview

Figure 2.1 We seek to deliver measurable energy,
savings, to exceed the owner's expectations.

Figure 2.2 Unsealed attic floor in a school.
Figure 2.3 Compact fluorescent downlights.

Figure 2.4 Commercial energy audits are required by
an increasing number of local laws and portfolio
programs.

Figure 2.5 While serving_as an independent expert,
the energy auditor can and should serve as an
advocate for energy conservation.

Chapter 3: Field Guide
Figure 3.1 Example of a drawing schedule.
Figure 3.2 Example drawing detail.
Figure 3.3 Mechanical floor plan.
Figure 3.4 Evacuation drawing.
Figure 3.5 Ballast checker.

Figure 3.6 Blower door.

Figure 3.7 Photograph of air conditioning nameplate
on a rooftop, taken standing_at ground level, 66 feet
away,_30x optical zoom with 120x digital zoom.



Figure 3.8 Building elevation view showing

Figure 3.9 Ice dams as an indicator of catastrophic
heat loss.

Figure 3.10 Catastrophic room air conditioner fin
damage.

Chapter 4: Envelope
Figure 4.1 Disturbed attic insulation.
Figure 4.2 Spray foam insulation.
Figure 4.3 Urea formaldehyde insulation.

Figure 4.4 Printed thermal resistance rating_(R-
value).

Figure 4.5 Attic walkup stairs—missing_insulation
Figure 4.6 Detached insulation.

Figure 4.7 Effect of voids on heat transfer in frame
walls.

Figure 4.8 Compressed insulation.

Figure 4.9 Impact of compression on fiberglass R-
value.

Figure 4.10 Double-hung window sash
counterweight.

Figure 4.11 Flexible outdoor room air conditioner
cover.

Figure 4.12 Interior room air conditioner cover.

Figure 4.13 R-value estimated from interior surface
temperature and air temperatures.

Figure 4.14 Pitched roofs and attics are common in
commercial buildings.



Figure 4.15 Attic insulation deficiencies.
Figure 4.16 Cellulose insulation in attic.

Figure 4.17 Chutes to prevent cellulose insulation
from blocking vents.

Figure 4.18 Attic hatch with dam to prevent cellulose
spilling_into hatch.

Figure 4.19 Insulation depth marker.

Figure 4.20 Roof drain on flat roof, to which roof
insulation is used to provide pitch for drainage.

Figure 4.21 Tapered roof insulation.
Figure 4.22 Radiant barrier.

Figure 4.24 Rigid insulation directly fastened to a
basement wall, foil-faced to provide required fire
resistance.

Figure 4.25 Abandoned window.

Figure 4.26 One-dimensional versus two-dimensional
heat flow.

insulating_balconies. Heat flow before insulation (top)
and after insulation (bottom).

Figure 4.28 Unconditioned spaces.

Figure 4.29 Windows reduce the overall thermal
resistance of the thermal envelope.

Figure 4.30 Window types.

Figure 4.31 Window area for enerqgy calculations.

Figure 4.32 Metal frame muntins.



Figure 4.33 Interior storm on stained-glass window in
130-year-old building in a historic district.

Figure 4.34 A small gap between a storm window and
prime window reduces its thermal performance.

Figure 4.35 Window surface numbering and low-e
coating.

Figure 4.36 Low-e coating_works best on surface 2,
still works well on surfaces 3 and 4, but does not
work on surface 1.

Figure 4.37 Single-pane window.

Figure 4.38 Double-pane window.

Figure 4.39 The indoor frame temperature can be
used to estimate if an aluminum frame is thermally
broken.

Figure 4.40 Window rating label.

Figure 4.41 Window spacer label.

Figure 4.42 Insulated window shades.
Figure 4.43 Retrofit window film.

Figure 4.44 Open storm window in winter.
Figure 4.45 Glass block.

Figure 4.46 Window condensation.

Figure 4.47 The indoor door surface temperature can
be used to estimate if a steel door is insulated.

Figure 4.48 Damaged door.

Figure 4.49 Cellar door.

Figure 4.50 Stack effect.

igure 4.51 Stack effect—holes at top.
Figure 4.52 Stack effect—holes at bottom.
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Figure 4.53 Stack effect—how floors affect pressure.

Figure 4.54 Reducing_indoor air temperature reduces
stack effect.

Figure 4.55 Comprehensive strategies for countering
stack effect.

Figure 4.56 Door infiltration.

Figure 4.57 Window in poor condition.

Figure 4.58 Air conditioner piping_penetrating an
exterior wall.

Figure 4.59 Unsealed pipe penetrations—one
escutcheon is not large enough to cover a pipe
penetration hole, another escutcheon is loose and not

sealed.

Figure 4.60 Leak path up through wall and out holes
in the wall—note how the wall penetrates the thermal
boundary, as insulation is at the attic floor.

Figure 4.61 Ice dams.

Figure 4.62 Unsealed pipe penetration.

equipment.
Figure 4.64 Room air conditioner in ill-fitting _sleeve

Figure 4.65 Room air conditioner with leakage
around window mounting.

Figure 4.66 Leaky backdraft damper in an exhaust
fan.

Figure 4.67 Elevator shaft vent.

Figure 4.68 Window air conditioner prevents storm
window from closing.



Figure 4.69 Infiltration sites below/around bathtub

framing.

Figure 4.70 Blower door.

Figure 4.71 Guarded blower door test—by apartment
or hotel room.

Figure 4.72 Guarded blower door test—by floor.

Figure 4.73 Smoke-guided infiltration diagnosis.

Figure 4.74 Uncapped wall cavity.

Figure 4.75 Diffuser cover on a cooling-only forced
air system, fastened with a tension fastener in the
center of the diffuser, prevents infiltration during
heating_season.

Figure 4.76 Weather-stripping_prevents infiltration at
four locations on a window sash—on the front and
back edges, and in two locations below the sash.

Figure 4.77 Multiple layers of weather-stripping.

Chapter 5: Lighting
Figure 5.1 Mercury vapor light.

Figure 5.2 Lighting power allowances have dropped
by almost half in recent decades.

Figure 5.3 Fluorescent fixture ballast.

Figure 5.4 Removing_sheet metal cover to access a
fluorescent fixture ballast.

Figure 5.5 Metal halide lamp.
Figure 5.6 Mercury vapor light fixture.
Figure 5.7 Candelabra incandescent lamp.

Figure 5.8 New inefficient incandescent lamp with
retro appearance.



Figure 5.9 Decorative incandescent lights.
Figure 5.10 Halogen lamp.

Figure 5.11 Induction lamp.

Figure 5.12 Recessed downlight with PL lamps.
Figure 5.13 Cobra head.

Figure 5.14 Opening a wraparound fixture.

igure 5.15 Opening a troffer fixture.
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igure 5.16 Light meter.

Figure 5.17 Illuminance under HID light poles can be
used to estimate lamp wattage.

Figure 5.18 Charred light socket is evidence of an
unsafe condition.

Figure 5.19 Recessed downlighting_is less efficient
than linear fixtures.

bottom: 70, 50,30, and 10 foot-candles.

Figure 5.21 Use of surface reflectance to reduce
artificial lighting lamps,_fixtures, and energy use.
Note the reflective floor and ceiling. This design uses
two-lamp T8 fluorescenttroffer fixtures, delivering
high illuminance at only 0.6 watts persquare foot, 60
percent less than the typical lighting power
allowance for a sales area.

more than one light fixture should be regarded as a
red flag.

Figure 5.23 Inboard-outboard lighting.

Figure 5.25 Vacancy sensor.



Figure 5.26 Motion sensor with two levels of control.
Figure 5.27 Crank timer.

Figure 5.28 Control settings inside a wall-mounted
vacancy_Sensor.

Figure 5.29 Combined motion and photocell control.
Figure 5.30 Cove lighting.

Figure 5.31 LED track lighting.

Figure 5.32 Decorative lighting.

Figure 5.33 Decorative uplighting.

light objects, rather than to light spaces.

Figure 5.35 Decorative lighting_frequently includes

Figure 5.36 Avoid reluctance to examine decorative
lighting_because of its perceived importance.

the importance of various decorative lighting is
viewed.

right-lighting,_controls.
Figure 5.39 Exit lighting.

Figure 5.40 Examining the bottom of an exit light to
identify the lamp type.
Figure 5.41 Theater lighting.
Chapter 6: Heating
Figure 6.1 Heating fuel oil tank.

Figure 6.2 Relationship between boiler efficiencies.



Figure 6.3 Boiler efficiency ratings.

Figure 6.4 Condensing_wall-hung_boiler.

combustion exhaust, lower pipes are combustion air
intake).

Figure 6.6 Boiler-mounted water temperature

point of 180 F.

Figure 6.7 Boiler-mounted water temperature high-
limit safety switch.

Figure 6.8 Vent damper.

Figure 6.9 Cabinet fin tube radiator (cover removed).

Figure 6.10 How to identify a steam boiler.

Figure 6.13 Hot water generator (steam-to-water
heat exchanger).

Figure 6.14 Cast iron steam radiator without pipe
connection across the top—cannot be converted to
hot water.

Figure 6.15 Cast iron steam radiator, with pipe
connection across the top—can be converted to hot
water.

Figure 6.16 Wall-mounted vented gas room heater. It
is identifiable as gas fired by the gas pipe on the
outside wall, and as vented by the vent on the outside
wall.

Figure 6.18 Gas-fired makeup air unit.



Figure 6.19 Gas-fired suspended unit heater.
Figure 6.20 Poorly sealed filter housing.

Figure 6.21 Electric unit heater.

Figure 6.22 Electric baseboard resistance heater.

igure 6.23 Air door/curtain.

igure 6.24 Infrared heater used outdoors.
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igure 6.25 Electric infrared heater.
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Chapter 7: Cooling and Integrated Heating/Cooling
Systems

Figure 7.1 Cooling_system.
Figure 7.2 Room air conditioner.

Figure 7.3 Room air conditioners are used in a wide

Figure 7.4 Packaged terminal air conditioner (PTAC).

Figure 7.5 PTAC architectural grille viewed from
outdoors.

Figure 7.7 Fin damage.
Figure 7.8 Fin comb.
Figure 7.9 Heat pump.

Figure 7.10 Heat pump compressor and reversing
valve.

Figure 7.11 Split system.

Figure 7.12 Residential split system outdoor units
(condensing_units) used in commercial buildings.

Figure 7.13 Large commercial split system outdoor
unit (condensing_unit).



Figure 7.14 Wall-mounted ductless indoor unit.

Figure 7.15 Ceiling-recessed ductless indoor unit
(cassette).

Figure 7.16 Ceiling surface-mounted ductless fan
coil.

Figure 7.17 Air conditioners operate at lower
efficiency at higher outdoor air temperature.

Figure 7.18 Air conditioners operate at lower
efficiency at lower indoor air temperature.

Figure 7.19 Heat pump outdoor unit mounted too
close to a wall.

Figure 7.20 Vegetation covering a heat pump outdoor
unit.

Figure 7.21 Packaged rooftop unit.

Figure 7.22 Ground-mounted single-package unit
Figure 7.23 Side discharge rooftop unit.

Figure 7.24 Vertical discharge rooftop unit.

Figure 7.25 Return air compartment of rooftop unit.
Figure 7.26 Vertical-discharge, gas-fired rooftop unit.

Figure 7.27 Through-wall single-package units on a
temporary classroom.

Figure 7.29 Air-cooled chiller.
Figure 7.30 Cooling_tower.
Figure 7.31 Water-cooled chiller
Figure 7.32 Water-cooled chiller.
Figure 7.33 Air-cooled chiller.



Figure 7.34 Roof-mounted cooling tower.

Figure 7.35 Cooling tower located indoors.

Figure 7.36 Ground-mounted cooling_tower.
Chapter 8: Heating and Cooling Distribution

Figure 8.1 Spiral duct.

Figure 8.2 Flex duct.

Figure 8.3 Panning_(shown at top).

Figure 8.4 Duct system.

Figure 8.5 Corrosion on outdoor ductwork.
Figure 8.6 Exhaust duct leakage.

Figure 8.7 L.eakage at duct connection to furnace and
at filter housing.

Figure 8.8 Duct lining.
Figure 8.9 Detached duct insulation.

Figure 8.10 Duct access panel.

Figure 8.11 Masonry duct shaft, not capped,

Figure 8.12 Catastrophic duct failure.
Figure 8.13 Common duct leakage sites.
Figure 8.14 Duct leakage test.

Figure 8.15 Flexible plug_inserted into duct at supply
grille, to allow aerosol injection.

Figure 8.16 Aerosol duct sealing.

Figure 8.17 Partially sealed ducts.

Figure 8.18 Dust or dirt is a sign of air leakage.
Figure 8.19 Air handler.




Figure 8.20 Axial fan.

Figure 8.21 Centrifugal fan.

Figure 8.22 Air handling unit.

Figure 8.23 Air handler—outdoor air section.

Figure 8.24 Air handler—fan section.
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igure 8.25 Uninsulated piping.
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igure 8.26 Professionally insulated piping—
adequate insulation thickness, elbows and fittings
insulated, no piping_missed.

Figure 8.27 Inadequately insulated piping—
inadequate insulation thickness, elbows and fittings
not insulated, insulation does not fully cover piping,
sections of piping_are not insulated.

Figure 8.28 Uninsulated valve.

Figure 8.29 Uninsulated flanged elbow.

insulation on hot water pipe at 150 F,_losing_heat to
80 F ambient air.

Figure 8.32 Asbestos insulation on water pipe.
Figure 8.33 Base-mounted pump.

Figure 8.34 In-line pumps.

Figure 8.35 Pump flow direction.

Figure 8.36 Perimeter commercial baseboard
radiation.

Figure 8.37 Perimeter residential baseboard
radiation.



Figure 8.38 Suspended hot water unit heater.

Figure 8.39 Deteriorated exterior refrigerant pipe.
insulation

Chapter 9: Ventilation
Figure 9.1 Upblast exhaust fan.

Figure 9.2 Downblast exhaust fan.

Figure 9.3 Centrifugal fan (blower).
Figure 9.4 Belt-driven exhaust fan.
Figure 9.5 Gravity ventilator.

Figure 9.6 Relief damper built into packaged
heating/cooling_unit.

Figure 9.7 Gooseneck air intake on a vegetated roof.

Figure 9.8 Turbine ventilator.

Figure 9.9 Bathroom exhaust grille.

Figure 9.10 Commercial kitchen exhaust hood.
Figure 9.11 Lab fume hood.

Figure 9.12 Louvers serving_an outside air intake.

Figure 9.13 Outside air intake, seen from inside an
air handler.

and piping_penetrations into chases.

Figure 9.15 Carbon dioxide control mounted on
return duct.

Figure 9.16 Commercial kitchen exhaust hood.

Figure 9.17 Wheel heat/energy recovery ventilator.

Figure 9.18 Rotating-wheel heat recovery ventilator.



Figure 9.19 Flat plate recovery ventilator—heat
exchanger is at the bottom, supply and exhaust fans
are at the top.

Figure 9.20 Retrofit heat recovery ventilator.

Chapter 10: Identifying Heating and Cooling Equipment

Figure 10.1 Reversing_valve indicates that an outdoor
unit is a heat pump.

valve).

Figure 10.3 Rooftop equipment—note upblast exhaust
fan, an indicator of a commercial kitchen;_also
heating_and cooling rooftop unit with outdoor supply
ductwork, and outdoor air intake.

Figure 10.4 Ventilation outdoor air intake.
Figure 10.6 Linear diffuser.
Figure 10.7 Return grille.

Figure 10.8 Significant rust indicates a unit that is
likely over 20 years old.

is older than 2007.

Figure 10.10 AHRI label, which indicates the
equipment is newer than 2007.

Chapter 11: Controls
Figure 11.1 Thermal zoning diagram.

Figure 11.2 Equipment-mounted mechanical
thermostat.

Figure 11.3 Thermostatic radiator valve.



Figure 11.4 Equipment-mounted electronic
thermostat.

Figure 11.5 T86 wall-mounted thermostat.

Figure 11.6 Original Dreyfuss patent for round
thermostat.

Figure 11.7 Components of an older thermostat.

Figure 11.8 Line voltage thermostat.

Figure 11.9 Thermostat inside cover.

Figure 11.10 Electronic programmable thermostat.
Figure 11.11 Remote control for ductless heat pump.

Figure 11.13 Temperature sensor with limited local
control.

Figure 11.14 Multiple sensors.

Figure 11.15 Motorized valve.

Figure 11.16 Duct damper motor actuator.

Figure 11.17 Outdoor air damper and motor actuator.

Figure 11.18 Boilers operate at higher efficiency
when the water temperature is lower.

temperature is not varied.

Figure 11.20 With outdoor reset control, water

temperature is reduced when the outdoor
temperature is warmer.

Figure 11.21 Noncondensing boilers cannot accept
low water temperatures, so outdoor reset can only be
done down to about 160 F supply water temperature,
and no savings are seen beyond this point.




Figure 11.22 Override control.
Chapter 12: Water
Figure 12.1 Water meter.

Figure 12.2 Water service, small office building with
sprinkler.

Figure 12.3 Natural gas commercial storage water
heater.

Figure 12.4 Natural gas water heater.

Figure 12.5 Electric water heater.
Figure 12.6 Heat pump water heater.

Figure 12.7 Instantaneous water heater—note plastic
vent and combustion air intake pipes (top),_indicating
a high-efficiency water heater.

Figure 12.8 Measuring_water temperature.

Figure 12.9 Residential water heater temperature
control.

Figure 12.10 Commercial water heater temperature
control.

Figure 12.11 Mixing valve—hot water enters from left

mixed water leaves at bottom.

Figure 12.12 Recirculating domestic hot water.

Figure 12.13 Recirculating hot water system.

Figure 12.14 Calibrated bag_for faucet or shower
water flow measurement.

Figure 12.15 Rated faucet flow.

Figure 12.16 High faucet flow over 2 GPM typically
will fill a sink even if the drain plug_is open.




Figure 12.17 Faucet aerator.

Figure 12.18 TLow-flow faucet insert.
Figure 12.19 Metering faucet.
Figure 12.20 Automatic faucet.
Figure 12.21 Showerhead, 2.1 GPM.
Figure 12.22 Pause valve.

igure 12.23 Temperature activated pause valve.

Figure 12.24 Prerinse spray valve.
Figure 12.25 Door-type commercial dishwasher.
Figure 12.26 Commercial clothes washers.

Figure 12.27 Larger clothes washers are more
efficient.

Figure 12.28 Drain heat recovery heat exchanger.
Figure 12.29 Flush valve.

Figure 12.30 Dual-flush toilet.

Figure 12.31 Dual-flush valve.

Figure 12.32 Toilet lid sink.

Figure 12.33 Waterless urinal.

Figure 12.34 Leaking shower diverter.

Figure 12.35 Water meter leak indicator.
Chapter 13: Electric Loads (Other than Lighting)
Figure 13.1 Adjustable-speed drive.

Figure 13.2 Elevators can save energy through
efficient drives, lighting, ventilation, and controls.

Figure 13.3 Escalators can save energy through
efficient drives and controls.



Figure 13.4 75-kVA transformer.

Figure 13.5 Pad-mounted transformer—the electric
meter (top right)_is an indication that this

transformer is on the utility side of the meter.

Figure 13.6 Air compressor.

Figure 13.7 Efficient ceiling_fans can use as much as
80 percent less electricity as older, inefficient fans.

Figure 13.8 Refrigerator.

Figure 13.9 Ice maker with insufficient clearance in a
hotel corridor.

Figure 13.10 Hotel refrigerator in enclosed cabinet.

Figure 13.11 GE Monitor Top refrigerator, c. 1937.

Figure 13.12 Unutilized refrigerators should be
unplugged or removed.

Figure 13.13 Vending machines can be replaced with
high-efficiency machines, use motion sensors for
lights, or use motion sensors or timers for
refrigeration.

Figure 13.14 Gas-fired clothes dryers.

Figure 13.15 Energy use of coin-operated laundry
machines can be estimated based on usage from coin
receipts.

Figure 13.16 Conveyor toaster.

Figure 13.17 Kettles are more efficient than stovetop
water boiling, and efficient kettles allow setting_the
water temperature.

Chapter 14: Gas Loads (Other than Heating and
Domestic Hot Water)




Figure 14.1 Standing_pilot on a commercial stove
burner.

Chapter 15: Advanced Energy Improvements
Figure 15.1 Solar thermal components.
Figure 15.2 Grid-tied photovoltaic system.
Figure 15.3 Photovoltaic installation.

Chapter 16: Estimating Savings

Figure 16.1 Boiler improvement energy savings can
be estimated either in isolation or interactively with
other improvements.

Models that account for hourly electricity use profiles
more accurately predict what will be saved on-site.

are consistent, reduces the risk of calculation
mistakes.

Figure 16.4 Variable-frequency drive.

Figure 16.5 Heat pump.

Figure 16.6 Spreadsheets can be used for integrated
energy models. However, they can grow complex and
require rigorous checking to avoid mistakes.

Chapter 17: Financial Aspects of Energy Improvements

Figure 17.1 To estimate energy cost savings from
energy savings, we need to calculate the incremental
cost of energy,_in other words, the energy rate at
which the last (incremental)_unit of energy is
purchased.

Figure 17.2 Energy improvements should be justified
by all their benefits, and not just as a financial



investment. They are investments in our buildings,
health, safety,_comfort, and the environment.

Figure 17.3 Removed light fixtures in buildings where
the lighting is already efficient may be re-used
elsewhere.

Chapter 18: Reporting

Figure 18.1 A whole-building photograph is a nice
touch, on the cover of energy audit reports.

Figure 18.2 Use photographs to document important

to clarify where the improvement must be applied.

Figure 18.3 Improvement descriptions in energy
audits must contain information to allow effective
energy improvements: location and quantity,
efficiency, features that impact energy use, and test
requirements.

Figure 18.4 Prioritizing_energy recommendations is a
fundamental purpose of energy audits.

Chapter 19: Sector-Specific Needs and Improvements

Figure 19.1 24/7 lighting_of common areas in

significant energy savings.

Figure 19.2 Condominium ownership presents
challenges to energy improvements, as individual
owner preferences provide less economy of scale.

conservation opportunities in hotels.

Figure 19.4 Thermal zone control in the hospitality
sector allows energy savings when rooms are not
occupied.



