








COMMERCIAL ENERGY EFFICIENCY

TABLE 503.2.3(7)
WATER CHILLING PACKAGES, MINIMUM EFFICIENCY REQUIREMENTS
EQUIPMENT TYPE SIZE CATEGORY MINIMUM EFFICIENCY® TEST PROCEDURE®
< 150 tons ;;‘8 ICP?;/
Air cooled, with condenser, - :
. ARI 550/590
electrically operated 2,50 COP
= 150 tons 250 IPLV
Air cooled, without condenser, All capacities 3.10 COP
electrically operated ’ P 3.10 IPLV
ARI 550/590
Water cooled, electrically operated, All capacities 4.20 COP
positive displacement (reciprocating) P 4.65 IPLV
4.45 COP
<150 tons 450 IPLV
Water cooled,
electrically operated, = 150 tons and 4.90 COP -
positive displacement <300 tons 4.95 IPLV ARI 5507590
(rotary screw and scroll) -
= 300 tons 30 COP
- 5.60 IPLV
5.00 COP
< 150 tons 5.00 IPLV
Water cooled
. ? = 150 tons and 5.55 COP <
electncally operated, <300 tons 555 IPLV ARI 550/590
centrifugal -
6.10 COP
= 300 tons 6.10 IPLV
Air cooled, absorption All capacities 0.60 COP
single effect
Water co oled, absorption All capacities 0.70 COP
single effect
ARI 560
Absorption double effect, All capacitics 1.00 COP
indirect-fired P 1.05 IPLV
Absorption double effect, All capacities 1.00 COP
direct-fired P . 1.00 IPLV

For SI: 1ton=3.517kW. °C = [(°F) - 32]/1.8.

a. Chapter 6 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.

b. The chiller equipment requirements do not apply for chillers used in low temperature applications where the design leaving fluid temperature is less than or equal

to 40°F.
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TABLE 503.2.3(8)
COPs AND IPLVs FOR NONSTANDARD CENTRIFUGAL CHILLERS < 150 TONS
CENTRIFUGAL CHILLERS < 150 TONS
COPy = 5.4
Condenser flow rate
w;::rvti:r?l ;:::::re con 5:;:; T\?Jater 2 gpmiton 2.5 gpmiton 3 gpmiton 4 gpmiton 5gpmiton | 6gpmiton
(°F) temperature (°F) Lift* (°F) Required COP and IPLV
46 75 29 6.00 6.27 6.48 6.80 7.03 720
45 75 30 5.92 6.17 6.37 6.66 6.87 7.02 |
44 75 31 5.84 6.08 6.26 6.53 6.71 6.86
43 75 32 5.75 5.99 6.16 6.40 6.58 6.71 1\
42 75 33 5.67 5.90 6.06 6.29 6.45 6.57
41 75 34 5.59 5.82 5.98 6.19 6.34 644
46 80 34 5.59 5.82 5.98 6.19 6.34 6.44
40 75 35 5.50 5.74 5.89 6.10 6.23 633
45 80 35 5.50 5.74 5.89 6.10 6.23 633
44 80 36 5.41 5.66 5.81 6.01 6.13 6.22
43 80 37 5.31 5.57 5.73 5.92 6.04 6.13 |
42 80 38 5.21 5.48 5.64 5.84 5.95 6.04
41 80 39 5.09 5.39 5.56 5.76 5.87 5.95
46 85 39 5.09 5.39 5.56 5.76 5.87 5.95
40 80 40 4.96 5.29 5.47 5.67 5.79 586
45 85 40 4.96 5.29 5.47 5.67 5.79 5.86
44 85 41 4.83 5.18 5.40 5.59 5.71 5.78
43 85 42 4.68 5.07 5.28 5.50 5.62 5.70
42 85 43 4.51 4.94 5.17 541 4 5.54 5.62
41 85 44 433 4.80 5.05 5.31 5.45 553
40 85 45 4.13 4.65 4.92 5.21 535 5.44 ;
Condenser AT® 14.04 11.23 9.36 7.02 5.62 4.68
For SI: °C = [(°F) - 32]/ 1.8, 1 gallon per minute = 3.785 L/min., | ton = 12,000 British thermal units per hour = 3.517 kW.
a. Lift = Entering condenser water temperature (°F) - Leaving chilled water temperature (°F).
b. Condenser AT = Leaving condenser water temperature (°F) - Entering condenser water temperature (°F).
K. = 6.1507 - 0.30244(X) + 0.0062692(X)" - 0.000045595(X)
where: X = Condenser AT + Lift
COP, i = Kagj x COPyy
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TABLE 503.2.3(9)
COPs AND IPLVs FOR NONSTANDARD CENTRIFUGAL CHILLERS = 150 TONS, < 300 TONS
CENTRIFUGAL CHILLERS = 150 Tons, < 300 Tons
COPgy = 5.55
Condenser flow rate
LeaViv';gt::_‘i“e" condE:I:::rn\?vater 2 gpm/ton | 2.5 gpmiton [ 3 gpm/ton 4 gpm/ton ! 5 gpmiton | 6 gpm/ton
temperature (°F) temperature (°F) Lift* (°F) Required COP and IPLV
46 75 29 6.17 6.44 6.66 6.99 7.23 7.40
45 75 30 6.08 6.34 6.54 6.84 7.06 7.22
44 75 31 6.00 6.24 6.43 6.71 6.90 7.05
03 75 32 591 6.15 6.33 6.58 6.76 6.89
42 75 33 5.83 6.07 6.23 6.47 6.63 6.75
41 75 34 5.74 5.98 6.14 6.36 6.51 6.62 |
46 80 34 5.74 5.98 6.14 6.36 6.51 662 |
40 75 35 5.65 590 | 6.05 6.26 6.40 6.51
45 80 35 5.65 5.90 6.05 6.26 6.40 6.51
44 80 36 5.56 5.81 5.97 6.17 6.30 6.40
e 80 37 5.46 5.73 5.89 6.08 6.21 6.30
0 80 38 5.35 5.64 5.8 6.00 6.12 620 |
41 80 39 523 554 571 5.91 6.03 611
46 85 39 523 554 sl 5.91 6.03 611
40 80 40 5.10 5.44 5.62 5.83 5.95 6.03
45 85 40 5.10 5.44 5.62 5.83 5.95 6.03 |
4 85 41 4.96 5.33 5.55 5.74 5.86 594
e 85 2 481 521 5.42 5.66 5.78 586
) 85 43 4.63 5.08 531 5.56 5.69 5.77
41 85 44 4.45 4.93 5.19 5.46 5.60 569 |
40 85 45 424 477 5.06 5.35 5.50 559
Condenser AT® 14.04 1123 936 7.02 5.62 4.68

For SI: °C = [(°F) - 32]/ 1.8, 1 gallon per minute = 3.785 L/min., I ton = 12,000 British thermal units per hour = 3.517 kW,
a. Lift = Entering condenser water temperature (°F) - Leaving chilled water temperature (°F).
b. Condenser AT = Leaving condenser water temperature (°F) - Entering condenser water temperature (°F).

Kagj = 6.1507 - 0.30244(X) + 0.0062692(X)” - 0.000045595(X)

where: X = Condenser AT + Lift COP,q = Kug x COPyy
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TABLE 503.2.3(10)
COPs AND IPLVs FOR NONSTANDARD CENTRIFUGAL CHILLERS > 300 TONS

COMMERCIAL ENERGY EFFICIENCY

CENTRIFUGAL CHILLERS > 300 Tons

COP,q = 6.1
Condenser flow rate <‘
Lea"u‘gt::‘i"ed con:enr:::?vgvater 2gpmiton | 2.5gpmiton | 3gpmfton | 4gpmiton | 5gpmiton ‘ 6 gpm/ton
temperature (°F) temperature (°F) Lift* (°F) Required COP and IPLV
46 75 29 6.80 7.11 7.35 7.71 7.97 8.16
45 75 30 6.71 6.99 7.21 7.55 7.78 7.96
44 75 31 6.61 6.89 7.09 7.40 7.61 7.77
43 75 32 6.52 6.79 6.98 7.26 7.45 7.60 |
42 75 33 6.43 6.69 6.87 7.13 7.31 7.44
41 75 34 6.33 6.60 6.77 7.02 7.18 7.30
46 80 34 6.33 6.60 6.77 7.02 7.18 730 |
40 75 35 6.23 6.50 6.68 6.91 7.06 7.17
45 80 35 6.23 6.50 6.68 6.91 7.06 7.17
44 80 36 6.13 6.41 6.58 6.81 6.95 7.05
43 80 37 6.02 6.31 6.49 6.71 6.85 6.94
42 80 38 5.90 6.21 6.40 6.61 6.75 6.84
41 80 39 5.77 6.11 6.30 6.52 6.65 6.74
46 85 39 5.71 6.11 6.30 6.52 6.65 6.74
40 80 40 5.63 6.00 6.20 6.43 6.56 6.65
45 85 40 5.63 6.00 6.20 6.43 6.56 6.65
44 85 41 5.47 5.87 6.10 6.33 6.47 6.55
43 85 42 5.30 5.74 5.98 6.24 6.37 6.46
42 85 43 5.11 5.60 5.86 6.13 6.28 6.37
41 85 44 4.90 5.44 5.72 6.02 6.17 6.27
40 85 45 4.68 5.26 5.58 5.90 6.07 6.17
Condenser AT® 14.04 11.23 9.36 7.02 5.62 4.68
For SI: °C ={(°F) - 32]/ 1.8, 1 gallon per minute = 3.785 L/min., 1 ton = 12,000 British thermal units per hour = 3.517 kW.
a. Lift = Entering condenser water temperature (°F) - Leaving chilled water temperature (°F).
b. Condenser AT = Leaving condenser water temperature (°F) - Entering condenser water temperature (°F).
Ko = 6.1507 - 0.030244(X) + 0.0062692(X)* - 0.000045595(X)
where: X = Condenser AT + Lift
COP,gj = Kagj X COPyy
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TABLE 503.2.3(11)
PERFORMANCE REQUIREMENTS FOR HEAT REJECTION EQUIPMENT
TOTAL SYSTEM
HEAT REJECTION i
EQUIPMENT | CAPACITY AT RATED SUBCATEGORY OR RATING PERFORMANCE
| TYPE | CONDITIONS ! CONDITION o REQUIRED™" i TEST PROCEDURE®
Propeller or axial 95°F entering water " CTI ATC-105
fan cooling All 85°F leaving water = 38.2 gpm/hp and
~ towers B L ~ 75°F wb outdoor air CTISTD-201
Centrifugal fan ; 95°F entering water CTI ATC-105
o lin)té ors All ‘ 85°F leaving water = 20.0 gpm/hp and
olng towe ~75°F wb outdoor air - - CTi STD-201
: 125°F condensing temperature
Air cooled | R-22 test fluid > 176,000
cor ;00 N All | 190°F entering gas temperature Btu/h - hp ARI 460
idensers ! 15°F subcooling (69 COP)
95°F entering db

For SI: °C =[(°F) - 32]/ 1.8, 1 British thermal unit per hour = 0.2931 W, | gallon per minute per horsepower = 0.846 L/s - kW.
wb = wet-bulb temperature, °F
For purposes of this table, cooling tower performance is defined as the maximum flow rating of the tower units (gpm) divided by the fan nameplate rated motor

a.

b.

C.

power units (hp).

For purposes of this table, air-cooled condenser performance is defined as the heat rejected from the refrigerant units (Btu/h) divided by the fan nameplate rated

motor power units (hp).

Chapter 6 contains a complete specification of the referenced test procedure, including the referenced vear version of the test procedure.

503.2.4.3.1 Thermostatic setback capabilities.
Thermostatic setback controls shall have the capabil-
ity to set back or temporarily operate the system to
maintain zone temperatures down to 55°F (13°C) or
up to 85°F (29°C).

503.2.4.3.2 Automatic setback and shutdown
capabilities. Automatic time clock or programmable
controls shall be capable of starting and stopping the
system for seven different daily schedules per week
and retaining their programming and time setting dur-
ing a loss of power for at least 10 hours. Additionally,
the controls shall have a manual override that allows
temporary operation of the system for up to 2 hours; a
manually operated timer capable of being adjusted to
operate the system for up to 2 hours; or an occupancy
Sensor.

503.2.4.4 Shutoff damper controls. Both outdoor air
supply and exhaust ducts shall be equipped with motor-
ized dampers that will automatically shut when the sys-
tems or spaces served are not in use.

Exceptions:

1. Gravity dampers shall be permitted in buildings
less than three stories in height.

2. Gravity dampers shall be permitted for build-
ings of any height located in climate zones 1, 2,
and 3.

3. Gravity dampers shall be permitted for outside
air intake or exhaust airflows of 300 c¢fm (.14
m’/s) or less.

503.2.5 Ventilation. Ventilation, either natural or mechani-
cal, shall be provided in accordance with Chapter 4 of the
International Mechanical Code. Where mechanical venti-
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lation is provided, the system shall provide the capability to
reduce the outdoor air supply to the minimum required by
Chapter 4 of the International Mechanical Code.

503.2.6 Energy recovery ventilation systems. Individual
fan systems that have both a design supply air capacity of
5.000 cfm (2.36 m’/s) or greater and a minimum outside air
supply of 70 percent or greater of the design supply air
quantity shall have an energy recovery system that provides
a change in the enthalpy of the outdoor air supply of 50 per-
cent or more of the difference between the outdoor air and
return air at design conditions. Provision shall be made to
bypass or control the energy recovery systemto permit cool-
ing with outdoor air where cooling with outdoor air is
required.

Exception: An energy recovery ventilation system shall
not be required in any of the following conditions:

1. Where energy recovery systems are prohibited by
the International Mechanical Code.

2. Laboratory fume hood systems with a total exhaust
rate of 15,000 cfm (7.08 m’/s) or less.

3. Laboratory fume hood systems with a total exhaust
rate greater than 15,000 c¢fm (7.08 m’/s) that
include at least one of the following features:

3.1. Variable-air-volume hood exhaust and room
supply systems capable of reducing exhaust
and makeup air volume to 50 percent or less of
design values.

3.2. Direct makeup (auxiliary) air supply equal to
at least 75 percent of the exhaust rate, heated
no warmer than 2°F (1.1°C) below room set
point, cooled to no cooler than 3°F (1.7°C)
above room set point, no humidification
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added, and no simultaneous heating and cool-
ing used for dehumidification control.

4. Systems serving spaces that are not cooled and are
heated to less than 60°F (15.5°C).

5. Where more than 60 percent of the outdoor heating
energy is provided from site-recovered or site solar
energy.

6. Heating systems in climates with less than 3600
HDD.

7. Cooling systems in climates with a | percent cool-
ing design wet-bulb temperature less than 64°F
(17.7°0).

8. Systems requiring dehumidification that employ
series-style energy recovery coils wrapped around
the cooling coil.

503.2.7 Duct and plenum insulation and sealing. All sup-
ply and return air ducts and plenums shall be insulated with
aminimum of R-5 insulation when located in unconditioned
spaces and with a minimum of R-8 insulation when located
outside the building. When located within a building enve-
lope assembly, the duct or plenum shall be separated from
the building exterior or unconditioned or exempt spaces by
a minimum of R-8 insulation.

Exceptions:
. When located within equipment.

2. When the design temperature difference between
the interior and exterior of the duct or plenum does
not exceed 15°F (8°C).

Alljoints, longitudinal and transverse seams and connec-
tions in ductwork, shall be securely fastened and sealed with
welds, gaskets, mastics (adhesives), mastic-plus-embed-
ded-fabric systems or tapes. Tapes and mastics used to seal
ductwork shall be listed and labeled in accordance with UL
181A and shall be marked “181A-P” for pressure-sensitive
tape, “181A-M” for mastic or “181 A-H” for heat-sensitive
tape. Tapes and mastics used to seal flexible air ducts and
flexible air connectors shall comply with UL 181B and shall
be marked “181B-FX” for pressure-sensitive tape or
“181B-M" for mastic. Duct connections to flanges of air
distribution system equipment shall be sealed and mechani-
cally fastened. Mechanical fasteners for use with flexible
nonmetallic air ducts shall comply with UL 181B and shall
be marked 181B-C. Unlisted duct tape is not permitted as a
sealant on any duct.

503.2.7.1 Duct construction. Ductwork shall be con-
structed and erected in accordance with the International
Mechanical Code.

503.2.7.1.1 Low-pressure duct systems. All longi-
tudinal and transverse joints, seams and connections
of supply and return ducts operating at a static pres-
sure less than or equal to 2 inches w.g. (500 Pa) shall
be securely fastened and sealed with welds, gaskets,
mastics (adhesives), mastic-plus-embedded-fabric
systems or tapes installed in accordance with the man-
ufacturer’s installation instructions. Pressure classifi-
cations specific to the duct system shall be clearly
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indicated on the construction documents in accor-
dance with the International Mechanical Code.

Exception: Continuously welded and lock-
ing-type longitudinal joints and seams on ducts
operating at static pressures less than 2 inches w.g.
(500 Pa) pressure classification.

503.2.7.1.2 Medium-pressure duct systems. All
ducts and plenums designed to operate at a static pres-
sure greater than 2 inches w.g. (500 Pa) but less than 3
inches w.g. (750 Pa) shall be insulated and sealed in
accordance with Section 503.2.7. Pressure classifica-
tions specific to the duct system shall be clearly indi-
cated on the construction documents in accordance
with the International Mechanical Code.

503.2.7.1.3 High-pressure duct systems. Ducts
designed to operate at static pressures in excess of 3
inches w.g. (746 Pa) shall be insulated and sealed in
accordance with Section 503.2.7. In addition, ducts
and plenums shall be leak-tested in accordance with
the SMACNA HVAC Air Duct Leakage Test Manual
with the rate of air leakage (CL) less than or equal to
6.0 as determined in accordance with Equation 5-2.

CL=Fxp"® (Equation 5-2)
where:
F = The measured leakage rate in cfm per 100

square feet of duct surface.
P = The static pressure of the test.

Documentation shall be furnished by the designer
demonstrating that representative sections totaling at
least 25 percent of the duct area have been tested and
that all tested sections meet the requirements of this
section.

503.2.8 Piping insulation. All piping serving as part of a
heating or cooling system shall be thermally insulated in
accordance with Table 503.2.8.

Exceptions:

1. Factory-installed piping within HVAC equipment
tested and rated in accordance with a test proce-
dure referenced by this code.

2. Piping that conveys fluids that have a design oper-
ating temperature range between 55°F (13°C) and
105°F (41°C).

3. Piping that conveys fluids that have not been
heated or cooled through the use of fossil fuels or
electric power.

4. Runout piping not exceeding 4 feet (1219 mm) in
length and [ inch (25 mm) in diameter between the
control valve and HVAC coil.
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TABLE 503.2.8
MINIMUM PIPE INSULATION®
(thickness in inches)

NOMINAL PIPE DIAMETER
FLUID =<1.5" >1.5"
Steam 1/, 3
Hot water | 2
Chilled water, brine or refrigerant 1 J 1Y,

For SI: 1 inch = 25.4 mm, British thermal unit per inch/h - f¢ - °F = W per

25 mm/K - m?

a. Based on insulation having a conductivity (k) not exceeding 0.27 Btu per
inch/h - ft* - °F.

503.2.9 HVAC system completion. Prior to the issuance of
a certificate of occupancy, the design professional shall pro-
vide evidence of system completion in accordance with
Sections 503.2.9.1 through 503.2.9.3.

503.2.9.1 Air system balancing. Each supply air outlet
and zone terminal device shall be equipped with means
for air balancing in accordance with the requirements of
Chapter 6 of the International Mechanical Code. Dis-
charge dampers are prohibited on constant volume fans
and variable volume fans with motors 25 hp (18.6 kW)
and larger.

503.2.9.2 Hydronic system balancing. Individual
hydronic heating and cooling coils shall be equipped
with means for balancing and pressure test connections.

503.2.9.3 Manuals. The construction documents shall
require that an operating and maintenance manual be
provided to the building owner by the mechanical con-
tractor. The manual shall include, at least, the following:

1. Equipment capacity (input and output) and
required maintenance actions.

2. Equipment operation and maintenance manuals.

3. HVAC system control maintenance and calibra-
tion information, including wiring diagrams, sche-
matics, and control sequence descriptions.
Desired or field-determined setpoints shall be per-
manently recorded on control drawings, at control
devices or, for digital control systems, in program-
ming comments.

4. A complete written narrative of how each system
is intended to operate.

503.3 Simple HVAC systems and equipment. (Prescrip-
tive). This section applies to buildings served by unitary or
packaged HVAC equipment listed in Tables 503.2.3(1)
through 503.2.3(5), each serving one zone and controlled by a
single thermostat in the zone served. It also applies to two-pipe
heating systems serving one or more zones, where no cooling
system is installed.

This section does not apply to fan systems serving multiple
zones, nonunitary or nonpackaged HVAC equipment and sys-
tems or hydronic or steam heating and hydronic cooling equip-
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ment and distribution systems that provide cooling or cooling
and heating which are covered by Section 503.4.

503.3.1 Economizers. Supply air economizers shall be
provided on each cooling system as shown in Table
503.3.1(1).

Economizers shall be capable of providing 100-percent
outdoor air, even if additional mechanical cooling is
required to meet the cooling load of the building. Systems
shall provide a means to relieve excess outdoor air during
economizer operation to prevent overpressurizing the
building. The relief air outlet shall be located to avoid
recirculation into the building. Where a single room or
space is supplied by multiple air systems, the aggregate
capacity of those systems shall be used in applying this
requirement.

Exceptions:

1. Where the cooling equipment is covered by the
minimum efficiency requirements of Table
503.2.3(1) or 503.2.3(2) and meets or exceeds the
minimum cooling efficiency requirement (EER)
by the percentages shown in Table 503.3.1(2).

2. Systems with air or evaporatively cooled
condensors and which serve spaces with open case
refrigeration or that require filtration equipment in
order to meet the minimum ventilation require-
ments of Chapter 4 of the International Mechani-
cal Code.

TABLE 503.3.1(1)

ECONOMIZER REQUIREMENTS
T

CLIMATE ZONES ECONOMIZER REQUIREMENT
1A, 1B, 24, No requirement
3A,4A,7,8 cquiremen
2B, 3B, 3C, 4B, Economizers on all cooling systems
4C, 5B, 5C, 6B = 54,000 Btu/h
Economizers on all cooling systems
SA, 6A > 135,000 Btu/h i

For SI: 1 British thermal unit per hour = 0.293 W.

TABLE 503.3.1(2)
EQUIPMENT EFFICIENCY PERFORMANCE
EXCEPTION FOR ECONOMIZERS

COOLING EQUIPMENT PERFORMANCE
CLIMATE ZONES IMPROVEMENT (EER OR IPLV)
2B 10% Efficiency Improvement
3B 15% Efficiency Improvement
4B 20% Efficiency Improvement

503.3.2 Hydronic system controls. Hydronic systems of at
least 300,000 Btu/h (87,930 W) design output capacity sup-
plying heated and chilled water to comfort conditioning sys-
tems shall include controls that meet the requirements of
Section 503.4.3.
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I 503.4 Complex HVAC systems and equipment. (Prescrip-
tive). This section applies to buildings served by HVAC equip-

ment and systems not covered in Section 503.3.

503.4.1 Economizers. Supply air economizers shall be
provided on each cooling system according to Table
502.3.1(1). Economizers shall be capable of operating at
100 percent outside air, even if additional mechanical cool-
ing is required to meet the cooling load of the building.

Exceptions:

1. Systems utilizing water economizers that are capa-
ble of cooling supply air by direct or indirect evap-
oration or both and providing 100 percent of the
expected system cooling load at outside air tem-
peratures of 50°F (10°C) dry bulb/45°F (7°C) wet
bulb and below.

2. Where the cooling equipment is covered by the
minimum efficiency requirements of Table
503.2.3(1), 503.2.3(2), or 503.2.3(6) and meets or
exceeds the minimum EER by the percentages
shown in Table 503.3.1(2)

3. Where the cooling equipment is covered by the
minimum efficiency requirements of Table
503.2.3(7) and meets or exceeds the minimum
integrated part load value (IPLV) by the percent-
ages shown in Table 503.3.1(2).

503.4.2 Variable air volume (VAV) fan control. Individ-
ual VAV fans with motors of 10 horsepower (7.5 kW) or
greater shall be:

[. Driven by a mechanical or electrical variable speed
drive; or

o

The fan motor shall have controls or devices that will
result in fan motor demand of no more than 30 percent
of'their design wattage at 50 percent of design air flow
when static pressure set point equals one-third of the
total design static pressure, based on manufacturer’s
certified fan data.

For systems with direct digital control of individual zone
boxes reporting to the central control panel, the static pres-
sure set point shall be reset based on the zone requiring the
most pressure, i.e., the set point is reset lower until one zone
damper is nearly wide open.

503.4.3 Hydronic systems controls. The heating of fluids
that have been previously mechanically cooled and the
cooling of fluids that have been previously mechanically
heated shall be limited in accordance with Sections
503.4.3.1 through 503.4.3.3. Hydronic heating systems
comprised of multiple-packaged boilers and designed to
deliver conditioned water or steam into a common distribu-
tion system shall include automatic controls capable of
sequencing operation of the boilers. Hydronic heating sys-
tems comprised of a single boiler and greater than 500,000
Btu/h input design capacity shall include either a
multistaged or modulating burner.

503.4.3.1 Three-pipe system. Hydronic systems that
use a common return system for both hot water and
chilled water are prohibited.
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503.4.3.2 Two-pipe changeover system. Systems that
use a common distribution system to supply both heated
and chilled water shall be designed to allow a dead band
between changeover from one mode to the other of at
least 15°F (8.3°C) outside air temperatures; be designed
to and provided with controls that will allow operation in
one mode for at least 4 hours before changing over to the
other mode; and be provided with controis that allow
heating and cooling supply temperatures at the change-
over point to be no more than 30°F (16.7°C) apart.

503.4.3.3 Hydronic (water loop) heat pump systems.
Hydronic heat pumps connected to a common heat pump
water loop with central devices for heat rejection and
heat addition shall have controls that are capable of pro-
viding a heat pump water supply temperature dead band
of at least 20°F (11.1°C) between initiation of heat rejec-
tion and heat addition by the central devices. For Climate
Zones 3 through 8 as indicated in Figure 301.1 and Table
301.1, if a closed-circuit cooling tower is used, either an
automatic valve shall be installed to bypass all but a mini-
mal flow of water around the tower, or lower leakage
positive closure dampers shall be provided. If an
open-circuit tower is used directly in the heat pump loop,
an automatic valve shall be installed to bypass all heat
pump water flow around the tower. If an open-circuit
cooling tower is used in conjunction with a separate heat
exchanger to isolate the cooling tower from the heat
pump loop, then heat loss shall be controlled by shutting
down the circulation pump on the cooling tower loop.
Each hydronic heat pump on the hydronic system having
a total pump system power exceeding 10 horsepower
(bp) (7.5 kW) shall have a two-position valve.

Exception: Where a system loop temperature optimi-
zation controller is installed and can determine the
most efficient operating temperature based on real
time conditions of demand and capacity, dead bands
of less than 20°F (11.1°C) shall be permitted.

503.4.3.4 Part load controls. Hydronic systems greater
than or equal to 300,000 Btu/h (87,930 W) in design out-
put capacity supplying heated or chilled water to comfort
conditioning systems shall include controls that have the
capability to:

1. Automatically reset the supply-water temperatures
using zone-return water temperature, build-
ing-return water temperature, or outside air tem-
perature as an indicator of building heating or
cooling demand. The temperature shall be capable
of being reset by at least 25 percent of the design
supply-to-return water temperature difference; or

2. Reduce system pump flow by at least 50 percent of
design flow rate utilizing adjustable speed drive(s)
on pump(s), or multiple-staged pumps where at
least one-half of the total pump horsepower is
capable of being automatically turned off or con-
trol valves designed to modulate or step down, and
close, as a function of load, or other approved
means.
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503.4.3.5 Pump isolation. Chilled water plants includ-
ing more than one chiller shall have the capability to
reduce flow automatically through the chiller plant when
achiller is shut down. Chillers piped in series for the pur-
pose of increased temperature differential, shall be con-
sidered as one chiller.

Boiler plants including more than one boiler shall
have the capability to reduce flow automatically through
the boiler plant when a boiler is shut down.

503.4.4 Heat rejection equipment fan speed control.
Each fan powered by a motor of 7.5 hp (5.6 kW) or larger
shall have the capability to operate that fan at two-thirds of
full speed or less, and shall have controls that automatically
change the fan speed to control the leaving fluid tempera-
ture or condensing temperature/pressure of the heat rejec-
tion device.

Exception: Factory-installed heat rejection devices
within HVAC equipment tested and rated in accordance
with Tables 503.2.3(6) through 503.2.3(11).

503.4.5 Requirements for complex mechanical systems
serving multiple zones. Sections 503.4.5.1 through
503.4.5.3 shall apply to complex mechanical systems serv-
ing multiple zones. Supply air systems serving multiple
zones shall be VAV systems which, during periods of occu-
pancy, are designed and capable of being controlled to
reduce primary air supply to each zone to one of the follow-
ing before reheating, recooling or mixing takes place:

1. Thirty percent of the maximum supply air to each
zone.

2. Three hundred cfim (142 L/s) or less where the maxi-
mum flow rate is less than 10 percent of the total fan
system supply airflow rate.

3. The minimum ventilation requirements of Chapter 4
of the International Mechanical Code.

Exception: The following define when individual zones
or when entire air distribution systems are exempted
from the requirement for VAV control:

1. Zones where special pressurization relationships
or cross-contamination requirements are such that
VAV systems are impractical.

2. Zones or supply air systems where at least 75 per-
cent of the energy for reheating or for providing
warm air in mixing systems is provided from a
site-recovered or site-solar energy source.

3. Zones where special humidity levels are required
to satisfy process needs.

4. Zones with a peak supply air quantity of 300 cfin
(142 L/s) or less and where the flow rate is less than
10 percent of the total fan system supply airflow
rate.

5. Zones where the volume of air to be reheated,
recooled or mixed is no greater than the volume of
outside air required to meet the minimum ventila-
tion requirements of Chapter 4 of the International
Mechanical Code.

6. Zones or supply air systems with thermostatic and
humidistatic controls capable of operating in
sequence the supply of heating and cooling energy
to the zone(s) and which are capable of preventing
reheating, recooling, mixing or simultaneous sup-
ply of air that has been previously cooled, either
mechanically or through the use of economizer
systems, and air that has been previously mechani-
cally heated.

503.4.5.1 Single duct variable air volume (VAV) sys-
tems, terminal devices. Single duct VAV systems shall
use terminal devices capable of reducing the supply of
primary supply air before reheating or recooling takes
place.

503.4.5.2 Dual duct and mixing VAV systems, termi-
nal devices. Systems that have one warm air duct and
one cool air duct shall use terminal devices which are
capable of reducing the flow from one duct to aminimum
before mixing of air from the other duct takes place.

503.4.5.3 Single fan dual duct and mixing VAV sys-
tems, economizers. Individual dual duct or mixing
heating and cooling systems with a single fan and with
total capacities greater than 90,000 Btu/h [(26 375 W)
7.5 tons] shall not be equipped with air economizers.

503.4.6 Heat recovery for service water heating. Con-
denser heat recovery shall be installed for heating or reheat-
ing of service hot water provided the facility operates 24
hours a day, the total instalied heat capacity of water-cooled
systems exceeds 6,000,000 Btu/hr of heat rejection, and the
design service water heating load exceeds 1,000,000 Btu/h.

The required heat recovery system shall have the capacity
to provide the smaller of:

1. Sixty percent of the peak heat rejection load at design
conditions; or

2. The preheating required to raise the peak service hot
water draw to 85°F (29°C).

Exceptions:

1. Facilities that employ condenser heat recovery for
space heating or reheat purposes with a heat recov-
cry design exceeding 30 percent of the peak
water-cooled condenser load at design conditions.

‘s
(8]

Facilities that provide 60 percent of their service
water heating from site solar or site recovered
energy or from other sources.

SECTION 504
SERVICE WATER HEATING
(Mandatory)

504.1 General. This section covers the minimum efficiency of,
and controls for, service water-heating equipment and insula-
tion of service hot water piping.
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504.2 Service water-heating equipment performance effi-
ciency. Water-heating equipment and hot water storage tanks
shall meet the requirements of Table 504.2. The efficiency shall
be verified through data furnished by the manufacturer or
through certification under an approved certification program.

504.3 Temperature controls. Service water-heating equip-
ment shall be provided with controls to allow a setpoint of
110°F (43°C) for equipment serving dwelling units and 90°F
(32°C) for equipment serving other occupancies. The outlet
temperature of lavatories in public facility rest rooms shall be
limited to 110°F (43°C).

504.4 Heat traps. Water-heating equipment not supplied with
integral heat traps and serving noncirculating systems shall be
provided with heat traps on the supply and discharge piping
associated with the equipment.

504.5 Pipe insulation. For automatic-circulating hot water
systems, piping shall be insulated with 1 inch (25 mm) of insu-
lation having a conductivity not exceeding 0.27 Btu per inch/h
x ft? x °F (1.53 W per 25 mm/m’ x K). The first 8 feet (2438
mm) of piping in noncirculating systems served by equipment
without integral heat traps shall be insulated with 0.5 inch (12.7
mm) of material having a conductivity not exceeding 0.27 Btu
perinch/h x ft* x °F (1.53 W per 25 mm/m’ x K).

504.6 Hot water system controls. Automatic-circulating hot
water system pumps or heat trace shall be arranged to be conve-
niently turned off automatically or manually when the hot
water system is not in operation.

504.7 Pools. Pools shall be provided with energy conserving
measures in accordance with Sections 504.7.1 through
504.7.3.

504.7.1 Pool heaters. All pool heaters shall be equipped
with a readily accessible on-off switch to allow shutting off
the heater without adjusting the thermostat setting. Pool
heaters fired by natural gas shall not have continuously
burning pilot lights.

504.7.2 Time switches. Time switches that can automati-
cally turn off and on heaters and pumps according to a preset
schedule shall be installed on swimming pool heaters and
pumps.

Exceptions:

1. Where public health standards require 24-hour
pump operation.

2. Where pumps are required to operate solar-and
waste-heat-recovery pool heating systems.

504.7.3 Pool covers. Heated pools shall be equipped with a
vapor retardant pool cover on or at the water surface. Pools
heated to more than 90°F (32°C) shall have a pool cover with
a minimum insulation value of R-12.

Exception: Pools deriving over 60 percent of the energy
for heating from site-recovered energy or solar energy
source.
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SECTION 505
ELECTRICAL POWER AND LIGHTING SYSTEMS
(Mandatory)

505.1 General. (Mandatory). This section covers lighting
system controls, the connection of ballasts, the maximum light-
ing power for interior applications, and minimum acceptable
lighting equipment for exterior applications.

Exception: Lighting within dwelling units.

505.2 Lighting controls. (Mandatory). Lighting systems
shall be provided with controls as required in Sections 505.2.1,
505.2.2,505.2.3 and 505.2.4.

505.2.1 Interior lighting controls. Each area enclosed by
walls or floor-to-ceiling partitions shall have at least one
manual control for the lighting serving that area. The
required controls shall be located within the area served by
the controls or be a remote switch that identifies the lights
served and indicates their status.

Exceptions:

1. Areas designated as security or emergency arcas
that must be continuously lighted.

2. Lighting in stairways or corridors that are elements
of the means of egress.

505.2.2 Additional contrels. Each area that is required to
have a manual control shall have additional controls that
meet the requirements of Sections 505.2.2.1 and 505.2.2.2.

505.2.2.1 Light reduction controls. Each area that is
required to have a manual control shall also allow the
occupant to reduce the connected lighting load in a rea-
sonably uniform illumination pattern by at least 50 per-
cent. Lighting reduction shall be achieved by one of the
following or other approved method:

1. Controlling all lamps or luminaires;

2. Dual switching of alternate rows of luminaires,
alternate luminaires or alternate lamps;

3. Switching the middle lamp luminaires independ-
ently of the outer lamps; or

4. Switching each luminaire or each lamp.
Exceptions:

. Areas that have only one luminaire.

2. Areas that are controlled by an occupant-sens-
ing device.

3. Corridors, storerooms, restrooms or public lob-
bies.

4. Sleeping unit (see Section 505.2.3).
5. Spaces that use less than 0.6 watts per square
foot (6.5 W/m"®).
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TABLE 504.2
MINIMUM PERFORMANCE OF WATER-HEATING EQUIPMENT
SIZE CATEGORY ‘ SUBCATEGORY OR PERFORMANCE TEST ‘
EQUIPMENT TYPE (input) RATING CONDITION REQUIRED* ° PROCEDURE \
< 12kW | Resistance 0.97 - 0.00132V, EF DOE 10 CFR Part 430
Water heaters, Electric > 12 kW Resistance 1.73V+ 155 SL, Btu/h ANSI Z21.10.3 |
< 24 amps and
23 amps o Heat pump 0.93 - 0.00132, EF DOE 10 CFR Part 430,
< 75,000 Btu/h > 20 gal 0.67 - 0.0019V, EF DOE 10 CFR Part 430
 DOE 10 CER Part 430
> 75,000 Btw/h and 80% E |
Storage water heaters, < 155,000 Btu/h < 4,000 Brw/h/gal (Q/800+1 10i/7)SL, Btwh |
Gas ANSIZ21.103
> 155,000 Btwh < 4,000 Btw/h/gal 80% E, |
’ : (Q/800 + 1107 ) SL. Bru/h

Instantaneous water
heaters, Gas

DOE 10 CFR Part 430

| |

> 50,000 Btu/h and = 4,000 (Btu/h)/gal
<200,000 Btw/h® and < 2 gal 0.62 - 0.0019%, EF
> 200,000 Btu/h = 4,000 Btu/h/gal and 80% E,
<10 gal
= 4,000 Btw/h/gal and 80% E,

= 200,000 Btuw/h

i
ANSI 721.10.3 ‘

Hot water supply boilers, Gas

> 10 gal (Q/800 + 110V¥ ) SL. Bru/h |
< 105,000 Btu/h =20 gal 0.59-0.0019V, EF DOE 10 CFR Part 430 |
Storage water —
M 0,
heaters, Oil > 105,000 Btw/h < 4,000 Btu/h/gal (Q /800 + 17?0%) SL. Btwh ANSIZ721.10.3
ﬁF bl
<210,000Bwh | = 4’0003“2/;@31 and 0.59 - 000197, EF DOE 10 CFR Part 430
Instantaneous water > 210,000 Btwh = 4,000 Btw/h/gal and 80% E,
heaters, Oil <10 gal
V; ANSI Z21.10.3
= 4,000 Btu/h/gal and 78% E,
>210,000 Brw/h > 10 gal (Q/800+ 110¥7) SL. Bru/h
,
Hot water supply boilers, = 300,000 Btwh and | = 4,000 Btwh/gal and ! 80% E
Gas and Oil <12,500,000 Btu/h <10 gal \ !
|
= 300,000 Btwh and = 4,000 Btu/h/gal and ! 80% E,

ANSIZ21.10.3

<12,500,000 Btu/h =10 gal Q/800+ noﬁ) SL, Btw/h
Hot wat Iv boilers. Ol >300,000 Btu/h and > 4,000 Btu/h/gal and 78% E,
ot water supply botlers, <12,500,000 Btw/h > 10 gal (Q/800+ 1107 ) SL. Bu/h
Pool heaters, Gas and Oil All — 78% E, ASHRAE 146
Heat pump pool heaters All — 4.0 COP ARI 1160
Minimum insulation
Unfired storage tanks All — requirement R-12.5 (none)

(b- f*-°F)/Btu

4

For SI: °C = [(°F) - 32] / 1.8, 1 British thermal unit per hour = 0.2931 W, 1 gallon = 3.785 L, 1 British thermal unit per hour per gallon = 0.078 W/L.
a. Energy factor (EF) and thermal efficiency (£;) are minimum requirements. In the EF equation, ¥ is the rated volume in gallons.
b. Standby loss (SL) is the maximum Btu/h based on anominal 70°F temperature difference between stored water and ambient requirements. In the SL equation, Q is
the nameplate input rate in Btu/h. In the SL equation for electric water heaters, is the rated volume in gallons. In the SL equation for oil and gas water heaters and
boilers, Vis the rated volume in gallons.
c. Instantaneous water heaters with input rates below 200,000 Btu/h must comply with these requirements if the water heater is designed to heat water to tempera-

tures 180°F or higher.
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505.2.2.2 Automatic lightin§ shutoff. Buildings larger
than 5,000 square feet (465 m®) shall be equipped with an
automatic control device to shut off lighting in those
areas. This automatic control device shall function on
either:

1. A scheduled basis, using time-of-day, with an
independent program schedule that controls the
interior lighting in areas that do not exceed 25,000
square feet (2323 m?) and are not more than one
floor; or

2. An occupant sensor that shall turn lighting off
within 30 minutes of an occupant leaving a space;
or

3. A signal from another control or alarm system that
indicates the area is unoccupied.

Exception: The following shall not require an auto-
matic control device:

1. Sleeping unit (see Section 505.2.3).

2. Lighting in spaces where patient care is directly
provided.

3. Spaces where an automatic shutoff would
endanger occupant safety or security.

505.2.2.2.1 Occupant override. Where an automatic
time switch control device is installed to comply with
Section 505.2.2.2, Item 1, it shall incorporate an over-
ride switching device that:

1. Is readily accessible.

2. Is located so that a person using the device can
see the lights or the area controlled by that
switch, or so that the area being lit is annunci-
ated.

3. Is manually operated.

4. Allows the lighting to remain on for no more
than 2 hours when an override is initiated.

5. Controls an area not exceeding 5,000 square
feet (465 m®).

Exceptions:

1. In malls and arcades, auditoriums, sin-
gle-tenant retail spaces, industrial facilities
and arenas, where captive-key override is
utilized, override time may exceed 2 hours.

2. In malls and arcades, auditoriums, sin-
gle-tenant retail spaces, industrial facilities
and arenas, the area controlled may not
exceed 20,000 square feet (1860 m”?).

505.2.2.2.2 Holiday scheduling. If an automatic time
switch control device is installed in accordance with
Section 505.2.2.2, Item 1, it shall incorporate an auto-
matic holiday scheduling feature that turns off all
loads for at least 24 hours, then resumes the normally
scheduled operation.
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Exception: Retail stores and associated malls, res-
taurants, grocery stores, places of religious
worship and theaters.

505.2.3 Sleeping unit. Sleeping units in hotels, motels,
boarding houses or similar buildings shall have at least one
master switch at the main entry door that controls all perma-
nently wired luminaires and switched receptacles, except
those in the bathroom(s). Suites shall have a control meeting
these requirements at the entry to each room or at the pri-
mary entry to the suite.

505.2.4 Exterior lighting controls. Lighting for all exte-
rior applications shall have automatic controls capable of
turning off exterior lighting when sufficient daylight is
available or when the lighting is not required during night-
time hours. Lighting not designated for dusk-to-dawn oper-
ation shall be controlled by an astronomical time switch.
Lighting designated for dusk-to-dawn operation shall be
controlled by an astronomical time switch or photosensor.
Astronomical time switches shall be capable of retaining
programming and the time setting during loss of power for a
period of at least 10 hours.

Exception: Lighting for covered vehicle entrances or
exits from buildings or parking structures where
required for safety, security, or eye adaptation.

505.3 Tandem wiring. (Mandatory). The following
luminaires located within the same area shall be tandem wired:

1. Fluorescent luminaires equipped with one, three or
odd-numbered lamp configurations, that are
recess-mounted within 10 feet (3048 mm) center-to-cen-
ter of each other.

2. Fluorescent luminaires equipped with one, three or any
other odd-numbered lamp configuration, that are pen-
dant- or surface-mounted within 1 foot (305 mm)
edge-to-edge of each other.

Exceptions:
1. Where electronic high-frequency ballasts are used.
2. Luminaires on emergency circuits.
3. Luminaires with no available pair in the same area.

505.4 Exit signs. (Mandatory). Internally illuminated exit
signs shall not exceed 5 Watts per side.

505.5 Interior lighting power requirements. (Prescriptive).
A building complies with this section if its total connected
lighting power calculated under Section 505.5.1 is no greater
than the interior lighting power calculated under Section
505.5.2.

505.5.1 Total connected interior lighting power. The total
connected interior lighting power (watts) shall be the sum of
the watts of all interior lighting equipment as determined in
accordance with Sections 505.5.1.1 through 505.5.1.4.

Exceptions: The connected power associated with the
following lighting equipment is not included in calculat-
ing total connected lighting power.

1. Specialized medical, dental and research lighting.
2. Professional sports arena playing field lighting.
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3. Display lighting for exhibits in galleries, museums
and monuments.

4. Sleeping unit lighting in hotels, motels, boarding
houses or similar buildings.

5. Emergency lighting automatically off during nor-
mal building operation.

505.5.1.1 Screw lamp holders. The wattage shall be the
maximum labeled wattage of the luminaire.

505.5.1.2 Low-voltage lighting. The wattage shall be
the specified wattage of the transformer supplying the
system.

505.5.1.3 Other luminaires. The wattage of all other
lighting equipment shall be the wattage of the lighting
equipment verified through data furnished by the manu-
facturer or other approved sources.

505.5.1.4 Line-voltage lighting track and plug-in
busway. The wattage shall be the greater of the wattage
of the luminaires determined in accordance with Sec-
tions 505.5.1.1 through 505.5.1.3 or 30 W/linear foot
(98W/lin m).

505.5.2 Interior lighting power. The total interior lighting
power (watts) is the sum of all interior lighting powers for
all areas in the building covered in this permit. The interior
lighting power is the floor area for each building area type
listed in Table 505.5.2 times the value from Table 505.5.2
for thatarea. For the purposes of this method, an “*area” shall
be defined as all contiguous spaces that accommodate or are
associated with a single building area type as listed in Table
505.5.2. When this method is used to calculate the total inte-
rior lighting power for an entire building, each building area
type shall be treated as a separate area.

505.6 Exterior lighting. (Mandatory). When the power for
exterior lighting is supplied through the energy service to the
building, all exterior lighting, other than low-voltage land-
scape lighting, shall comply with Sections 505.6.1 and 505.6.2.
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Exception: Where approved because of historical, safety,
signage or emergency considerations.

505.6.1 Exterior building grounds lighting. All exterior
building grounds luminaires that operate at greater than 100
watts shall contain lamps having a minimum efficacy of 60
lumens per watt unless the luminaire is controlled by a
motion sensor or qualifies for one of the exceptions under
Section 505.6.2.

TABLE 505.5.2
INTERIOR LIGHTING POWER ALLOWANCES

LIGHTING POWER DENSITY

. _ Building Area Type® Wit
 Automotive Facility 0.9 )

| Convention Center 1.2

Court House 12
‘ Dining: Bar Lounge/Leisure 1.3

Dining: Cafeteria/Fast Food 1.4 L
Dining: Family N 1.6

Dormitory 1.0

Exercise Center 1.0 o
Gymnasium B 1.1 o
Healthcare-Clinic 1.0

‘ Hospital 12

Hotel 10
- Library ) 1.3 B

- Manufacturing Facility 3
Mol 10
Motion Picture Theater 1.2
Multi-Family B 0.7 L
| Museum 1.1

Officc Lo
Parking Garage 0.3 i
Penitentiary ) 1.0

. Performing Arts Theater 16
. Police/Fire Station 1.0
: Post Office B L1
Religious Building KR
Rewil’ . s
* School/University 2

. Sports Arena 1.1
TownHall 1.1
Transportation 1.0
1 Warehouse B 0.8 g
W)rkshopr 1.4

For St: | foot = 304.8 mm, 1 watt per square foot = W/0.0929 m.
a. In cases where both a general building area type and a more specific build-

b.

ing area type arc listed, the more specific building area type shall apply.
Where lighting equipment is specified to be installed to highlight specific
merchandise in addition to lighting equipment specified for general lighting
and is switched or dimmed on circuits different from the circuits for general
lighting. the smaller of the actual wattage of the lighting equipment installed
specifically for merchandise, or 1.6 W/ft’ times the area of the specific dis-
play but not to exceed 50% of the floor area, or 3.9 W/ft* times the actual
case or shelf area for displaying and selling jewelry, china or silver, shall be
added to the interior lighting power determined in accordance with this line
item.
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505.6.2 Exterior building lighting power. The total exterior 2. Advertising signage or directional signage;
lighting power allowance for all exterior building applications
is the sum of the individual lighting power allowances based on
the densities permitted in Table 505.6.2 for these applications
plus an additional unrestricted allowance of 5 percent of that 4
sum. Tradeoffs are allowed only among exterior lighting appli-

cations listed in Table 505.6.2 in the Tradable Surfaces section.

Exterior lighting for all applications (except those included in 5. Athletic playing areas;
the exceptions to Section 505.6.2) shall comply with the
requirements of Section 505.6.1.

3. Integral to equipment or instrumentation and is
installed by its manufacturer;

. Theatrical purposes, including performance,
stage, film production and video production;

6. Temporary lighting;

7. Industrial production, material handling, transpor-

Exceptions: Lighting used for the following exterior tation sites, and associated storage areas;

applications is exempt when equipped with a control

device independent of the control of the nonexempt 8. Theme elements in theme/amusement parks; and

lighting:

e 9. Used to highlight features of public monuments
and registered historic landmark structures or
buildings.

1. Specialized signal, directional, and marker light-
ing associated with transportation;

TABLE 505.6.2
LIGHTING POWER DENSITIES FOR BUILDING EXTERIORS

APPLICATIONS LIGHTING POWER DENSITIES

L

Tradable Surfaces (Lighting Power Densities for uncovered parkmg areas, building grounds, building entrances and exits, canopies and
_overhangs, and outdoor sales areas may be traded.)

Uncovered Parking Areas

. Parking Lots and drives i ~0.15 Wit I -

Building Grounds - 7 _ ) -

| Walkways less than 10 feet wide 1.0 watts/linear foot o _
Walkways 10 feet w1de or greater plaza areas and spe01al feature areas L 0.2 Wi :
Stairways o Wﬁj 1.0 W/t?

Building Entrances and Exits

Main entries J 30 watts/linear foot of door wxdth

Other doors ) . 20 watts/linear foot of door width -

~ Canopies and Overhangs B ] ) - -
Canoples (free standing & attached and overhangs) - ! 1.25 W/t ) -
Outdoor Sales

0.5 Wit

Open areas (including vehlcle sales  lots)
; L
| 20 watts/linear foot

[ . _
Street frontage for vehicle sales lots in addition to “open area” allowance

Nontradable Surfaces (Lighting Power Density calculations for the following applications can be used only for the spec1ﬁc appllcatlon
and cannot be traded between surfaces or with other exterior lighting. The following allowances are in addition to any allowance

\

i otherwise permitted in the Tradable Surfaces section of this table.)

| e 1A Ty -
f

\

Building facades | 0.2 W/ft? for each illuminated wall or surface or 5.0
. Watts/linear foot for each illuminated wall or surface
length

Automated teller machines and night depositories

270 watts per location plus 90 watts per addltlonal ATM
per location

Entrances and gatehouse 1nspect10n stations at guarded facﬂltles

L 1.25 W/t of uncovered area (covered areas are mcluded
. in the Canopies and Overhangs section of Tradable
Surfaces)

Loading areas for law enforcement, fire, ambulance and other emergency
__service vehicles

0.5 W/ft? of uncovered area (covered areas are included in

|_the Canopies and Overhangs section of Tradable Surfaces)

| Drive-up windows at fast food restaurants

400 watts per drive-through

‘ Parking near 24-hour retail entrances

800 watts per main entry

For SI: 1 foot = 304.8 mm, 1 watt per square foot = W/0.0929 m*
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505.7 Electrical energy consumption. (Mandatory). In
buildings having individual dwelling units, provisions shall be
made to determine the electrical energy consumed by each ten-
ant by separately metering individual dwelling units.

SECTION 506
TOTAL BUILDING PERFORMANCE

506.1 General. The proposed design complies with this sec-
tion provided that:

1. Sections 502.4, 502.5, 503.2, 504 505.2, 505.3, 505.4
505.6 and 505.7 are each satisfied, and

2. Annual energy costs of the proposed design as deter-
mined in accordance with Section 506.3 do not exceed
those of the standard design as determined in accordance
with Section 506.4.

506.2 Analysis procedures. Sections 506.2.1 through 506.2.8
shall be applied in determining total building performance.

506.2.1 Energy analysis. Annual (8,760 hours) energy
costs for the standard design and the proposed design shall
each be determined using the same approved energy analy-
sis simulation tool.

506.2.2 Climate data. The climate data used in the energy
analysis shall cover a full calendar year (8,760 hours) and
shall reflect approved coincident hourly data for tempera-
ture, solar radiation, humidity and wind speed for the build-
ing location.

506.2.3 Energy rates. The annual energy costs shall be esti-
mated using energy rates published by the serving energy
supplier and which would apply to the actual building or
DOE State-Average Energy Prices published by DOE’s
Energy Information Administration and which would apply
to the actual building.

506.2.4 Nondepletable energy. Nondepletable energy col-
lected off site shall be treated and priced the same as pur-
chased energy. Energy from nondepletable energy sources
collected on site shall be omitted from the annual energy
cost of the proposed design. The analysis and performance
of any nondepletable energy system shall be determined in
accordance with accepted engineering practice using
approved methods.

506.2.5 Building operation. Building operation shall be
simulated for a full calendar year (8,760 hours). Operating
schedules shall include hourly profiles for daily operation
and shall account for variations between weekdays, week-
ends, holidays, and any seasonal operation. Schedules shall
model the time-dependent variations of occupancy, illumi-
nation, receptacle loads, thermostat settings, mechanical
ventilation, HVAC equipment availability, service hot water
usage, and any process loads.

506.2.6 Simulated loads. The following systems and loads
shall be modeled in determining total building performance:
heating systems, cooling systems, fan systems, lighting
power, receptacle loads, and process loads that exceed 1.0
W/ (W/0.0929 m?) of floor area of the room or space in
which the process loads are located.
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Exception: Systems and loads serving required emer-
gency power only.

506.2.7 Service water-heating systems. Service water-
heating systems that are other than combined service hot
water/space-heating systems shall be be omitted from the
energy analysis provided all requirements in Section 504
have been met.

506.2.8 Exterior lighting. Exterior lighting systems shall
be the same as in the standard and proposed designs.

506.3 Determining energy costs for the proposed design.
Building systems and loads shall be simulated in the proposed
design in accordance with Sections 506.3.1 and 506.3.2.

506.3.1 HVAC and service water-heating equipment. All
HVAC and service water-heating equipment shall be simu-
lated in the proposed design using capacities, rated efficien-
cies and part-load performance data for the proposed
equipment as provided by the equipment manufacturer.

506.3.2 Features not documented at time of permit. If
any feature of the proposed design is not included in the
building permit application, the energy performance of that
feature shall be assumed to be that of the corresponding fea-
ture used in the calculations required in Section 506.4.

506.4 Determining energy costs for the standard design.
Sections 506.4.1 through 506.4.7 shall be used in determining
the annual energy costs of the standard design.

506.4.1 Equipment efficiency. The space-heating, space-
cooling, service water-heating, and ventilation systems and
equipment shall meet, but not exceed, the minimum effi-
ciency requirements of Sections 503 and 504.

506.4.2 HVAC system capacities. HVAC system capaci-
ties in the standard design shall be established such that no
smaller number of unmet heating and cooling load hours
and no larger heating and cooling capacity safety factors are
provided than in the proposed design.

506.4.3 Envelope. The thermal envelope of the standard
design shall comply with the prescriptive requirements of
Sections 502.1 through 502.3, as well as the mandatory pro-
visions of Sections 502.4 through 502.5.

506.4.4 Identical characteristics. The heating/cooling
system zoning, the orientation of each building feature, the
number of floors and the gross envelope areas of the stan-
dard design shall be the same as those of the proposed
design except as modified by Section 506.4.5 or 506.4.6.

Exception: Permanent fixed or movable external shad-
ing devices for windows and glazed doors shall be
excluded from the standard design.

506.4.5 Window area. The window area of the standard
design shall be the same as the proposed design, or 35 per-
cent of the above-grade wall area, whichever is less, and
shall be distributed in a uniform pattern equally over each
building facade.

506.4.6 Skylight area. The skylight area of the standard
design shall be the same as the proposed design, or 3 percent
of the gross area of the roof assembly, whichever is less.
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506.4.7 Interior lighting. The lighting power for the stan-
dard design shall be the maximum allowed in accordance
with Section 505.5. Where the occupancy of the building is
not known, the lighting power density shall be 1.5 Watts per
square foot (16.1 W/m?).

506.5 Documentation. The energy analysis and supporting
documentation shall be prepared by a registered design profes-
sional where required by the statutes of the jurisdiction in
which the project is to be constructed. The information docu-
menting compliance shall be submitted in accordance with
Sections 506.5.1 through 506.5.4.

506.5.1 Annual energy use and associated costs. The
annual energy use and costs by energy source of the stan-
dard design and the proposed design shall be clearly indi-
cated.

506.5.2 Energy-related features. A list of the energy-
related features that are included in the proposed design and
on which compliance with the provisions of the code are
claimed shall be provided to the code official. This list shall
include and prominently indicate all features that differ
from those set forth in Section 506.4 and used in the energy
analysis between the standard design and the proposed
design.

506.5.3 Input and output report(s). Input and output
report(s) from the energy analysis simulation program con-
taining the complete input and output files, as applicable.
The output file shall include energy use totals and energy
use by energy source and end-use served, total hours that
space conditioning loads are not met and any errors or warn-
ing messages generated by the simulation tool as applicable.

506.5.4 Written explanation(s). An explanation of any
error or warning messages appearing in the simulation tool
output shall be provided in a written, narrative format.
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CHAPTER 6
REFERENCED STANDARDS

This chapter lists the standards that are referenced in various sections of this document. The standards are listed herein by the
promulgating agency of the standard, the standard identification, the effective date and title, and the section or sections of this
document that reference the standard. The application of the referenced standards shall be as specified in Section 107.

AAMA

American Architectural Manufacturers Association
1827 Walden Office Square

Suite 550

Schaumburg, IL 60173-4268

Standard Referenced
reference in code
number Title section number
AAMA/WDMA/CSA
101/1.8.2/a440—05 Specifications for Windows, Doors and Unit Skylights .. ... ... o oo 402.4.2,502.4.1
Air Movement and Control Association International
AM CA 30 West University Drive
Arlington Heights, IL 60004-1806
Standard Referenced
reference in code
number Title section number
500D—98 Laboratory Methods for Testing Dampers forRating . . ... ... .. . o 80244
American National Standards Institute
25 West 43rd Street
AN SI Fourth Floor
New York, NY 10036
Standard Referenced
reference in code
number Title section number
721.10.3—01 Gas Water Heaters, Volume 111 - Storage Water Heaters with Input Ratings Above 75,000 Btu per Hour.
Circulating Tank and Instantaneous—with Addenda Z21.10.3a-2003 and Z21.10.3b-2004. ... .............. Table 504.2
721.13—04 Gas-Fired Low Pressure Steam and Hot Water Boilers .. ... .. ... ... . ... . .. ... ... . ... ... Table 503.2.3(5)
Z21.47—03 Gas-Fired Central FUrnaces. . .. ... ... Table 503.2.3(4)
783.8—02 Gas Unit Heaters and Gas-Fired Duct Furnaces—with Addendum Z83.8a-2003........................ Table 503.2.3(4)

ARI

Air Conditioning and Refrigeration Institute
4301 North Fairfax Drive

Suite 200

Arlington, VA 22203

Standard Referenced
reference in code
number Title section number
210/240—03 Unitary Air-Conditioning and Air-Source Heat Pump Equipment ..................... Table 503.2.3(1), Table 503.2.3(2)
310/380—93 Standard for Packaged Terminal Air-Conditioners and Heat Pumps . .......... ... .. ... .. ......... Table 503.2.3(3)
340/360-—2000 Commercial and Industrial Unitary Air-conditioning and Heat Pump

Equipment. . ... ... ... .. Table 503.2.3(1), Table 503.2.3(2)
365—02 Commercial and Industrial Unitary Air-Conditioning Condensing Units . .......... ... ... ............ Table 503.2.3(6)
460-00 Remote Mechanical-Draft Air-Cooled Refrigerant Condensers. .. ............ ... ... .. Table 503.2.3(11)
550/590—98 Water Chilling Packages Using the Vapor Compression Cycle—with Addenda. . ....................... Table 503.2.3(7)
560-—00 Absorption Water Chilling and Water Heating Packages . . ....... .. . ... ... . .. ... Table 503.2.3(7)
13256-1 (2004) Water-source Heat Pumps—Testing and Rating for Performance—Part 1: Water-to-air and

Brine-to-air Heat Pumps . . . ... .. Table 503.2.3(2)
1160—2004 Performance Rating of Heat Pump Pool Heaters. ... ... . e Table 504.2
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REFERENCED STANDARDS

ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
1791 Tullie Circle, NE
Atlanta, GA 30329-2305

Standard Referenced
reference in code
number Title section number
119—88 (RA 1994) Air Leakage Performance for Detached Single-family Residential Buildings. . ................ ... ... ... Table 404.5.2(1)
146-1998 Testing and Rating Pool Heaters. . . ... ... .. Table 504.2
13256-1 (2004) Water-source Heat Pumps—Testing and Rating for Performance—Part 1: Water-to-air and
Brine-to-air Heat Pumps (ANSI/ASHRAE/IESNA 90.1-2004). ... ... Table 503.2.3(2)
90.1—2004 Energy Standard for Buildings Except Low-rise Residential Buildings
(ANSI/ASHRAE/IESNA 90.1-2004) . . . ..o e 501.1, 501.2, 502.1.1, Table 502.2(2)
ASHRAE—2001 ASHRAE Handbook of Fundamentals-2004 . .. ......... ... .. .. ................... 402.1.4, Table 404.5.2(1), 503.2.1
ASHRAE—2004 ASHRAE HVAC Systems and Equipment Handbook-2004. .. ... ... ... .. ... .. ... . ... . ... ... .......503.21
American Society of Mechanical Engineers
A SME Three Park Avenue
New York, NY 10016-5990
Standard Referenced
reference in code
number Title section number
PTC 4.1 - 1964 Steam Generating Units .. ... ..o e Table 503.2.3(5)
ASTM International
A S' l ‘M 100 Barr Harbor Drive
West Conshohocken, PA 19428-2859
Standard Referenced
reference in code
number Title section number
C90—03 Specification for Load-bearing Concrete Masonry Units . ... ... .. e Table 502.2(1)
E 96—00e01 Standard Test Methods for Water Vapor Transmission of Materials .. ... ... .. . .. . .. 202,502.5
E 283—04 Test Method for Determining the Rate of Air Leakage Through Exterior Windows,
Curtain Walls and Doors Under Specified Pressure Differences Across the Specimen........... 402.4.3,502.4.2,502.4.7
Canadian Standards Association
C SA 5060 Spectrum Way
Mississauga, Ontario, Canada L4W 5N6
Standard Referenced
reference in code
number Title scction number
101/1.S.2/A440—05 Specifications for Windows, Doors and Unit Skylights ... . . . . 402.4.2,502.4.1
Cooling Technology Institute
C’ I ‘I 2611 FM 1960 West, Suite H-200
Houston, TX 77068-3730
Standard Referenced
reference in code
number Title section number
ATC-105 (2000) Acceptance Test Code. ... ... L Table 503.2.3(11)
STD-201 (2002) Certification Standard for Commercial Water Cooling Towers . ... ... . i .. Table 503.2.3(11)
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DOE

REFERENCED STANDARDS

U.S. Department of Energy

c/o Superintendent of Documents
U.S. Government Printing Office
Washington, DC 20402-9325

Standard Referenced
reference in code
number Title section number
10 CFR Part 430, Subpart B,

Appendix E (1998) Uniform Test Method for Measuring the Energy Consumption of Water Heaters ........................... Table 504.2
10 CFR Part 430,
Subpart B, Appendix N (1998)  Uniform Test Method for Measuring the Energy Consumption of Furnaces and Boilers. . . . Table 503.2.3(4), Table 503.2.3(5)
DOE/EIA-—0376

(Current Edition)

State Energy Prices and Expenditure Report . . ... ... .. 404.3,506.2.3

HI

Hydronics Institute, Division of the Gas Appliance Manufacturers Association
P.O.Box 218
Berkeley Heights, NJ 07054

Standard Referenced
reference in code
number Title section number
HBS [=B=R—Testing and Rating Standard for Heating Boilers, 1989 Ed......... ... ... ... ... ............. Table 503.2.3(5)
International Code Council, Inc.
500 New Jersey Avenue, NW
I C C 6th Floor
Washington, D.C. 20001
Standard Referenced
reference in code
number Title section number
IBC—06 International Building Code® Lo 102.2,201.3
ICC EC—06 ICC Electrical Code® . . . ..o 201.3
IFC—06 International Fire Code®. . . . oot 201.3
IFGC—06 International Fuel Gas Code® . . .. ... o 201.3
IMC—06 International Mechanical Code® . ... ... ... . ... .. . . . 503.2.5, 503.2.6, 503.2.7.1, 503.2.7.1.1,
503.2.7.1.2,503.2.9.1, 503.3.1, 503.4.5
IPC—06 International Plumbing Code® . .. ... . 201.3
IRC—06 International Residential Code® . ... ... ... ... . .. . 201.3,403.2.2, 403.6, 404.6.1, Table 404.5.2(1)
Illuminating Engineering Society of North America
IE SN A 120 Wall Street, 17th Floor
New York, NY 10005-4001
Standard Referenced
reference in code
number Title section number
90.1-2004 Energy Standard for Buildings Except Low-rise Residential Buildings . . ............. 501.1,501.2, 502.1.1, Table 502.2(2)
National Fenestration Rating Council, Inc.
8484 Georgia Avenue
NFRC {8
Silver Spring, MD 20910
Standard Referenced
reference in code
number Title section number
100—01 Procedure for Determining Fenestration Product U-Factors—Second Edition . ............ ... ... ... ... ...... 102.1.3
200—01 Procedure for Determining Fenestration Product Solar Heat Gain Coefficients and
Visible Transmittance at Normal Incidence—Second Edition .. ...... .. .. .. ... .. ... ... .. ...oouu.. 102.1.3
400—01 Procedure for Determining Fenestration Product Air Leakage—Second Edition . .......... ... ... ... .. 402.4.2,502.4.1
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REFERENCED STANDARDS

SMACNA

Sheet Metal and Air Conditioning Contractors National Association, Inc.
4021 Lafayette Center Drive
Chantilly, VA 20151-1209

Standard Referenced
reference in code
number Title section number
SMACNA—85 HVAC Air Duct Leakage Test Manual . ... ... 503.2.7.1.3

Underwriters Laboratories Inc.
l | I 333 Pfingsten Road

Northbrook, IL 60062-2096
Standard Referenced
reference in code
number Title section number
181A—98 Closure Systems for Use with Rigid Air Ducts and Air Connectors

— with Revisions through December 1998. . ... ... . . e . ..05032.7
181B—95 Closure Systems for Use with Flexible Air Ducts and Air Connectors
—with Revisions through August 2003 . ... . 50327

727—98 Oil-Fired Central Furnaces-—with Revisions through January 2001 . ...... ... ... .. ... . ... .. Table 503.2.3(4)
73195 Oil-Fired Unit Heaters—with Revisions through January 1999. . ... ... ... .. ... .................. Table 503.2.3(4)

Window and Door Manufacturers Association
WDMA 1400 East Touhy Avenue, Suite 470

Des Plaines, IL 60018
Standard Referenced
reference in code
number Title section number
101/1.5.2/A440--05 Specifications for Windows, Doors and Unit Skylights . ... ... oo 402.4.2.502.4.1
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INDEX

A
ADDITIONS AND ALTERATIONS
Defined ....... ... .. ... ... . . . . . ..., 202
Requirements . ............... .. .. ..., 101.4.3
ADMINISTRATION AND
ENFORCEMENT. .. .................. Chapter 1
AIR ECONOMIZERS
Defined.. ......... . 202
Requirements ........ 503.3.1, 503.4.1, 503.4.5.3
AIR INFILTRATION
Defined .......... ... . ... . ... .. .. ... ... 202
Requirements . .. ....... 402.4.1, 402.4.2,502.4.5
AIR LEAKAGE............. 402.4, Table 404.5.2(1),
502.4,503.2.7.1.3
AIR SYSTEM BALANCING .. ............ 503.2.9.1
ALTERNATE MATERIALS. . .................. 103
APPROVED
Defined ........ ... .. ... . . . 202
AUTOMATIC
Defined . ... 202
B
BALANCING ................. 503.2.9.1, 503.2.9.2
BALLASTS ........................ 505.1, 505.3
BASEMENT WALLS
Defined .......... ... . . ... .. . . 202
Requirements. .. ......... 102.2.1, Table 402.1.1,

Table 402.1.3, 402.2.6, Table 404.5.2(1),
Table 502.2(1), 502.2.2.2, 502.2.4

BELOW-GRADE WALLS (see BASEMENT WALLS)
BI-LEVEL SWITCHING ................. 505.2.2.1

BOILERS ............... Table 503.2.3(5), 503.4.3,
503.4.3.5, 504.2, Table 504.2

BUILDING ENVELOPE

Compliance documentation ......... 104.2, 401.3
Defined . ......... .. 202
Exemption.......... .. ... . .. ... 101.5.2
Requirements .. .............. 102.1.1, 402, 502

Performance method . . .. Table 404.5.2(1), 506.4.3

C

CAULKING AND WEATHERSTRIPPING . . .. 402.4.1,
502.4.1,502.4.3

CERTIFICATE . . ... ... ... . ... ... ... .... 401.3
CHANGE OF OCCUPANCY ............... 101.4.4
CIRCULATINGPUMPS. .. ......... 503.4.3.3, 504.6
CIRCULATING SYSTEMS . ... ... .. 403.4, 503.4.3.3,

503.4.3.5, 504.6, 504.7.2
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CLIMATE ZONES . . . .. 301, Figure 301.1, Table 301.1
By state or territory .. ... Figure 301.1, Table 301.1
International climate zones . . 301.3, Table 301.3(1),

Table 301.3(2)

Warm humid ... ... ... 301.2, Table 301.2, 301.3.1
COEFFICIENT OF PERFORMANCE

(COP).......... Table 503.2.3(2), Table 503.2.3(7),

Table 503.2.3(8), Table 503.2.3(9),

Table 503.2.3(10), Table 503.2.3(11)

COMBINED SERVICE WATER HEATING AND

SPACEHEATING . ..................... 506.2.7
COMMERCIAL BUILDINGS
Compliance............... 101.2, 101.4.5, 101.5,
Chapter 5, 501.1
Defined ......... ... .. ... ... . ... .. ..., 202
Total building performance . ................ 506
COMMISSIONING OF HVAC SYSTEMS . .. .. 503.2.9
Manuals . ............ ... .. .o ... .. 503.2.9.3
COMPLIANCE AND ENFORCEMENT .. ... ... 101.5
CONDITIONED FLOOR AREA
Defined .......... .. ... ... . ... ... ..., 202
CONDITIONED SPACE
Defined ......... ... ... ... ... ... .... 202
CONSTRUCTION DOCUMENTS .............. 104
CONTROLS
Capabilities . . . . . .. 503.2.2, 503.2.4.1, 503.2.4.3.1,

503.2.4.3.2, 503.2.5, 503.4.3.4,
503.4.3.5, 503.4.4, 504.3

Economizers.................. 503.3.1, 503.4.1
Energy recovery systems.. .............. 503.2.6
Fanspeed............. ... ... ... . .... 503.4.4
Heatpump........ 403.1.1, 503.2.4.1.1, 503.4.3.3
Heatingand cooling . ............ 403.1, 503.2.2,
503.2.4, 503.4.5
Hotwatersystem....................... 504.6
Humidity. . ........... 503.2.4.1, 503.2.6, 503.4.5
Hydronic systems . . ... 503.2.9.2, 503.3.2, 503.4.3
Lighting ................ 505.2, 505.6.1, 505.6.2
Offhour ............ ... ... ... ..... 503.2.4.3
Service water heating . ....... 403.4, 504.3, 504.6
Shutoff dampers . ... .. .. 403.5, 503.2.4.4, 503.4.5
Temperature. .............. 503.2.4.1,503.2.4.2,
503.2.4.3.1, 503.4.3, 504.3
Variable air volume systems. . . ... 503.4.2,503.4.5
Ventilation. . ............ ... ... . ..... 503.2.5
COOLING WITH OUTDOOR AIR . . . . 503.3.1, 503.4.1
CRAWL SPACE WALLS
Defined ........ ... . . ... .. ... ... 202
Requirements. ........... 102.2.1, Table 402.1 .1,

Table 402.1.3, 402.2.8, Table 404.5.2(1)
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D

DEADBAND ......... 503.2.4.2,503.4.3.2, 403.4.3.3
DEFINITIONS. .......... ... . ... .o .. Chapter 2
DEGREE DAY COOLING. .. .. ....... Table 301.3(2)
DEGREE DAY HEATING ............ Table 301.3(2)
DESIGN CONDITIONS ............. Chapter 3, 302
DUALDUCTVAV.............. 503.4.5.2, 503.4.5.3
DUCTS

Defined . ... o 202

Insulation .......... 104.2, 401.3, 403.2, 503.2.7,

503.2.7.1.2,503.2.7.1.3
Sealing. ... 104.2, 503.2.7, 503.2.7.1.2, 503.2.7.1.3

DWELLING UNIT

Defined ...... ... . 202
E
ECONOMIZER
Alr .o 503.3.1, 503.4.1
Defined . ... .o 202
Requirements ........ 5083.3.1, 503.4.1, 503.4.5.3
Water. . . ... e 503.4.1
ELECTRICALMETERS .. .................. 505.7
ELECTRICAL POWER AND LIGHTING ........ 505
ENERGY ANALYSIS, ANNUAL
Defined ........ ... . . . .. 202
Documentation . .................. 404.4, 506.5
Requirements. . ........... .. ... .. .. 404.3, 506

ENERGY EFFICIENCY RATIO (EER) ...... 503.2.3,
503.3.1, 503.4.1

ENERGY RECOVERY VENTILATION SYSTEMS

Defined . ..... ... 202

Requirements . . . Table 404.5.2(1), 503.2.1, 503.2.6
ENERGY SIMULATION TOOL

Defined . ... .. ... 202

Requirements/Use. . .......... 101.5.1, 404, 506,

506.2.1, 506.5.3, 506.5.4
ENVELOPE, BUILDING THERMAL

Defined . ...... ... . 202
ENVELOPE DESIGN
PROCEDURES................ 402, 502, 506.4.3

EQUIPMENT EFICIENCIES . . . . 104.2, 401.3, 503.2.3,
503.3.1, 503.4.1, 504.2, 506.3.1, 506.4.1

EQUIPMENT PERFORMANCE
REQUIREMENTS...................... 503.2.3
Boilers ........ ... ... ... ..., Table 503.2.3(5)
Chillers, nonstandard. . ... ... Tables 503.2.3(8-10)
Condensing units . ............. Table 503.2.3(6)
Economizer exception. . .. ....... Table 503.3.1(2)
Heat rejection equipment . . .. ... Table 503.2.3(11)
Packaged terminal air conditioners
and heatpump............... Table 503.2.3(3)
Unitary air conditioners and
condensingunits .. ........... Table 503.2.3(1)

Unitary and applied heat pumps. . . Table 503.2.3(2)
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Warm air duct furnaces and

unitheaters ................. Table 503.2.3(4)
Warm air furnaces ............. Table 503.2.3(4)
Warm air furnaces/air-conditioning
units. .. ..o Table 503.2.3(4)
Water chilling packages, standard . Table 503.2.3(7)
Waterheating. . .................. e 504.2
EXEMPTBUILDINGS .................... 101.5.2
EXISTINGBUILDINGS ................... 101.4.1
EXTERIORLIGHTING .. ................... 505.6
EXTERIOR SHADING. . ........ Table 502.3, 502.3.2
EXTERIOR WALLS
Defined ... . 202
Thermal performance ............. 402, 402.1 .1,

Table 404.5.2(1), 502, 502.2.2

F
FENESTRATION ........... 102.1.3, 402.3, 402.4.2,
502.3, 502.4
Defined . ... .. .. . 202
Rating and labeling .. .......... 102.1.3, 402.1.1,
402.6, 502.1.1
FURNACE EFFICIENCY .......... Table 404.5.2(1),
Table 503.2.3(4)

G

GUESTROOMS (see SLEEPING UNIT)
GLAZING AREA
Requirements . . . 402.3.3, 402.3.5, Table 404.5.2(1)

H
HEATPUMP .......... 403.1.1, Tables 503.2.3(2, 3),
503.2.4.1.1, 503.4.3.3
HEAT TRAPS. . ... ... ... . .. ... ..... 504.4, 504.5
Defined . ...... .. ... 202

HEATING AND COOLING LOADS . . . . 302.1, 403.1.1,
503.2.1, 503.2.2, 503.2.3, 503.2.4.1.1,
503.2.4.3,503.3.1, 503.4.2, 506.2.6, 506.4.2

HISTORIC BUILDINGS. ... ............... 101.4.2
HOTWATER ........... .. ... ... .. ....... 504.2
Annual energy performance .......... 404.1, 506
Piping insulation . .......... 403.4, 503.2.8, 504.5
Systemcontrols . .......... 503.4.6, 504.3, 504.6
HUMIDISTAT
Defined ......... ... . . ... L 202
Requirements ........ 503.2.4.1, 503.2.6, 503.4.5
HYDRONIC SYSTEM BALANCING. . ... ... 503.2.9.2
|
IDENTIFICATION (MATERIALS, EQUIPMENT
ANDSYSTEM) ......................... 102.1
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INDIRECTLY CONDITIONED
SPACE (see CONDITIONED SPACE)

INFILTRATION, AIR LEAKAGE ............. 402.4,
Table 404.5.2(1), 502.4
Defined . ....... ... . .. . . ., 202
INSPECTIONS . ........ ... .. .. .. .. ... .. ... 105
INSULATION
Identification. . ......... ... ... ... .. ..., 102.1
Installation. . . . .. 102.1.1, 102.1.1.1, 102.1.2, 102.2
Requirements ....... 402.1.1, 402.2, 502.1, 502.2
INSULATING SHEATHING
Defined . ..... ... ... .. . . . .. 202
Requirements. .. ......... Table 402.1.1, 402.1.2,

Table 502.2(1), 502.2.3
INTEGRATED PART LOAD VALUE

(IPLV)....... Tables 503.2.3(1, 2, 6, 7, 8, 9 and 10),
503.4.1, 506.3.1
INTERIOR LIGHTING POWER .. ..... 505.5, 505.5.2
L
LABELED
DEfiNed . .. oo 202

Requirements . . .. 102.1.3, 102.3, 402.4.2, 402.4.3,
502.4.1,502.4.7, 503.2.7, 505.5.1.2

LIGHTING POWER
Design procedures . ................... 505.5.2
Exterior connected. . ............. 505.6, 506.2.8
Interior connected . .. 505.5, Table 505.5.2, 506.4.7
Manufacturer's information . . . 102.2, 102.3, 505.1.3

LIGHTINGSYSTEMS ....................... 505
Controls, additional . . . ................. 505.2.2
Controls, exterior ..................... 505.2.4
Controls, interior . .. ........ ... .. ... .. 505.2.1
Guestrooms/Sleeping units . ............ 505.2.3
Linevoltage . ....................... 505.5.1.4
Merchandise, (highlight specific). . . . . Table 505.5.2
Plug-inbusway...................... 505.5.1.4
Track . ... ... 505.5.1.4

LISTED
Defined . ..... ... i 202

LOADING DOCK WEATHERSEALS ........ 502.4.5

LOW ENERGY BUILDINGS ............... 101.5.2

LOW-VOLTAGE LIGHTING
Defined ........ ... .. . . i 202
Requirements. .. .............. ... ... 505.5.1.2

LUMINAIRE
Controls . ................... 505.2.2.1, 505.2.3
Sealed.............. ... . .... 402.4.3,502.4.7
Tandemwiring . ........... ... ... ... 505.3
Wattage. . . ......... ... L. 505.5.1, 505.6.1

M

MAINTENANCE INFORMATION . .. .......... 102.3

MANUALS . .............. 101.5.1, 102.3, 503.2.9.3

MASS

Wall. ... 402.1.3, 402.2.3, Table 404.5.2(1), 502.2.3
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Floor ... ... 502.2.5
MATERIALS AND EQUIPMENT ............... 102
MECHANICAL SYSTEMS AND

EQUIPMENT ................... 403, 404.1, 503
MECHANICAL VENTILATION ... ........... 403.5,
Table 404.5.2(1), 503.1, 503.2.5
METERS,ELECTRICAL.................... 505.7
MOISTURE CONTROL .. ............. 402.5, 502.5
MULTIPLE ZONE SYSTEMS. . ... .......... 503.4.5
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NONCIRCULATING SYSTEMS. . ....... 504.4, 504.5

NONDEPLETABLE/RENEWABLE ENERGY
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Requirements .. ...................... 506.2.4
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503.4.5, 504.3, 506.2.5, 506.4.7

OCCUPANCY SENSORS.. . .. ... 503.2.4.3.2, 505.2.2
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OPAQUEAREAS ................... 402.3.4, 502,
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OVERHANG, PROJECTION FACTOR . ... ... 502.3.2
P
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Requirements ........... Table 503.2.3(3), 503.3
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PERFORMANCE ANALYSIS ............. 404, 506
PHOTOCELL ........................... 505.2.4
PIPE INSULATION . . . . .. 403.3, 403.4, 503.2.8, 504.5
PLANS AND SPECIFICATIONS . ............. 104
POOLCOVERS......................... 504.7.3
POOLS ... ... ... . 504.7
PROJECTIONFACTOR. . ................. 502.3.2
PROPOSED DESIGN
Defined ............. ... ... ... . ... ... ... 202
Requirements .. ..................... 404, 506
PUMPING SYSTEMS. . . . .. 403.4, 503.2.9.2, 503.4.3,
504.6,504.7.2
R
R-VALUE
Defined ...... ... ... . ... ... ... .. .. . ... 202
Computation . ......... .. ... ... .. ..., 402.1.2
RECOOLING . .......................... 503.4.5
REFERENCED STANDARDS .. .. .... 107, Chapter 6
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ENERGY SOURCES ................... 506.2.4
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Defined . ......... .. .. ... . ... . ... ... 202
RESETCONTROL ..................... 503.4.3.4
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Compliance. .. ................... 101.2, 101.5
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Requirements ...................... Chapter 4
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Defined ....... ... ... ... . ... . ... .. ... 202
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SHADING........ ... ... ... .. ... . .... 506.4.4
Projectionfactor ...... ... ... ... .. ... 502.3.2
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SHUTOFF DAMPERS . . . . .. 403.5, 502.4.4, 503.2.4.4
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ALTERNATIVE ... ........ ... ... ... ... 404, 506

SIMULATION TOOL (see ENERGY SIMULATION
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SINGLEZONE .................... 404.6.1, 503.3
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Equipment and system .. .. 403.6, 404.6.1, 503.2.2

SKYLIGHTS. . ............. 102.1.3, 402.3, 402.3.5,

402.4.1, 402.4.2, 402.6,

Table 404.5.2(1), 502.1.1, 502.3.2, 506.4.6

Defined . ... ... .. . .. 202

Maximum exemptarea ... .............. 502.3.1

SLAB-EDGE INSULATION . . .. ... ... 102.2.1, 401.3,

Table 402.1.1, 402.2.7, 502.2.6
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(SHGC). . ... .. 102.1.3, 104.2, 401.3, Table 402.1.1,

402.1.4, 402.3.2, 402.3.3, 402.3.6,

402.6, 404.6.1, Table 502.3, 502.3.2
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Defined . ... .. ... .. 202
Requirements .. ..................... 404, 506
STANDARDS, REFERENCED. .. .. ... 107, Chapter 6
STOREFRONT ........... 202, Table 502.3, 502.4.2
STEEL FRAMING. ... ....... 402.2.4, Table 502.2(2)
SUNROOM . ... .. 402.2.10, 402.3.5, Table 404.5.2(1)
Defined . ... .. .. e 202
SUSPENDED CEILINGS ................. 502.2.1
SWIMMINGPOOLS ....................... 504.7
T
TANDEMWIRING. .. ...................... 505.3
TERMITE INFESTATION . . ................ 402.2.7
THERMAL ISOLATION .......... 402.2.10, 402.3.5,
Table 404.5.2(1)
Defined . ... ... 202

THERMAL MASS (see MASS)
THERMAL RESISTANCE (see R-VALUE)
THERMAL TRANSMITTANCE (see U-FACTOR)

TOTAL BUILDING PERFORMANCE
Commercial .......... ... ... . . . . . ... . ... 506
Residential .. ....... ... .. .. .. ... 404

TOWNHOUSE (see RESIDENTIAL BUILDINGS)

U
U-FACTOR
Defined . ........ ... ... . 202
Alternative. . .................. 402.1.3,402.1.4
\'
VAPOR RETARDER ....... ... 402.2.8, 402.5, 502.5
Defined . . ... ... . ... 202

VARIABLE AIR VOLUME SYSTEMS (VAV) . . 503.2.6,
503.2.9.2,503.4.2, 503.4.5

VENTILATION. . .... .. 402.5, 403.5, Table 404.5.2(1),
503.2.5, 502.5
Defined . ...... .. .. .. 202
VESTIBULES ....................... ... 502.4.6
w

WALL
Above grade, defined .............. e 202
Basement, defined .. ........... ... ... .... 202
Crawlspace, defined . ..................... 202
Exterior, defined . .......... ... ... .. ..... 202

WALLS (see EXTERIOR WALLS AND ENVELOPE,
BUILDING THERMAL)

WALLS ADJACENT TO UNCONDITIONED
SPACE (see BUILDING THERMAL ENVELOPE)

WATER ECONOMIZER . . ................. 503.4.1
Defined . ... . . . . 202
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WATER HEATING. . .. ... 401.3, 504, 506.2.7, 506.3.1

WINDOW AREA (see FENESTRATION and GLAZING
AREA)

WINDOW PROJECTION FACTOR

Requirements . . ...................... 502.3.2
WIRING, TANDEM . ... ... .. .............. 505.3
Y4

ZONE (see also CLIMATE ZONES)
Defined .......... ... . . . 202
Requirements . .......... 404.6.1, 503.2.4, 503.3,
503.4.3.4,503.4.5
ZONEISOLATION....................... 503.4.5
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EDITORIAL CHANGES - SECOND PRINTING
Page 24, Table 404.5.2(1): column 2, row 10, line 11 now reads . . . SHGC: From Table 402.1.1 except that for climates with

EDITORIAL CHANGES - THIRD PRINTING

Page 24, Table 404.5.2(1): column 2, row 9, lines 10 and 11 now read . . . U-factor: from Table 402.1.3; SHGC: From Table 402.1.1
except that for climates with

Page 56, ASHRAE: column 1, row 7 now reads . . . ASHRAE—2001
Page 57, IESNA: column I, now reads . . . 90.1-2004
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Don’t Miss Out
On Valuable ICC

Membership Benefits.
Join ICC Today!

Join the largest and most respected building code
and safety organization. As an official member of the
International Code Council®, these great ICC* benefit
are at your fingertips.

EXCLUSIVE MEMBER DISCOUNTS

[CC members enjoy exclusive discounts on codes, technical
publications, seminars, plan reviews, educational materials,
videos, and other products and services.

TECHNICAL SUPPORT
1CC members get expert code support services,
opinions, and technical assistance from experienced

# engineers and architects, backed by the world’s ENHANCE YOUR CAREER
leading repository of code publications. ICC keeps you current on the latest
building codes, methods, and materials.
FREE CODE—LATEST EDITION Our conferences, job postings, and

Most new individual members receive a free code educational programs can also help you
I from the latest edition of the International

| advance your career.
Codes . New corporate and governmental

members receive one set of major CODE NEWS

9006 lqtematlonal Codes (Bu.lldmg, ReS{dentlal, [CC members have the inside track for
Flfe’ Fuel Gas, M§chan1cal, Plumbing, code news and industry updates via e-mails, newsletters,
Private Sewage Disposal). conferences, chapter meetings, networking, and the [CC

Web site (www.iccsafe.org). Obtain code opinions, reports,

FREE CODE MONOGRAPHS adoption updates, and more. Without exception, ICC is

Code monographs and other materials on proposed International your number one source for the very latest code and safety
Code revisions are provided free to ICC members upon request. standards information.

ICC BUILDING SAFETY JOURNAL® MEMBER RECOGNITION

A subscription to our official magazine is Improve your standing and prestige among your peers.

X included with each membership. The bi-monthly ~ ICC member cards, wall certificates, and logo decals

magazine offers insightful articles authored identify your commitment to the community and to the

by world-renowned code experts, plus code safety of people worldwide.

interpretations, job listings, event calendars,

and other useful information. ICC members ICC NETWORKING

may also enjoy subscriptions to a bi-monthly Take advantage of exciting new opportunities

newsletter and an electronic newsletter. to network with colleagues, future employers,
potential business partners, industry experts,

PROFESSIONAL DEVELOPMENT and more than 40,000 ICC members. ICC

Receive “Member Only Discounts” for also has over 300 chapters across North

on-site training, institutes, Symposiums, America and around the globe to help you stay informed

audio virtual seminars, and on-line training! on local events, to consult with other professionals, and to

ICC delivers educational programs that enhance your reputation in the local community.

enable members to transition to the

[-Codes*, interpret and enforce codes, perform plan reviews,
design and build safe structures, and perform administrative
functions more effectively and with greater efficiency. Members

also enjoy special educational offerings that provide a forum to For more information about memberShlp
learn about and discuss current and emerging issues that affect the or to join ICC, visit www.iccsafe.org/members
building industry. or call toll-free 1-888-ICC-SAFE (422-7233), x33804
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People Helping People Build a Safer World™

eCodes—Enjoy the Benefits of
Codes Online!

Enjoy the benefits of ICC’s Internet Library!
= Worldwide access 24/7 via internet
= View selected state codes at no charge
= Codes automatically updated with each printing
* View, search and print codes
= Download electronic versions to your desktop or laptop

Currently available at eCodes: International Codes”, State and City Codes, Legacy Codes, Standards,
Commentaries, Plan Review Records, and more.

SUBSCRIBE TODAY AT www.eCodes.biz!




INTERNATIONAL

CODE COUNC". People Helping People Build a Safer World™

Savings. Services. Success.

You deserve the added prestige that comes with membership. International Code Council Membership offers
complete support for building safety and fire prevention professionals.

* FREE code opinions

= Great discounts on products and services

= FREE code book with new membership (Save up to $100)*

= Subscription to Building Safety Journal® (ICC’s magazine), Building Safety Bulletin (ICC’s newsletter),

and eNews (ICC’s electronic newsletter) included in member dues
= FREE job postings in the members-only area of the ICC Web site

*A new member is defined as not having been an active member with ICC, BOCA, ICBO or SBCCI within the last five years.

BECOME A MEMBER! | www.iccsafe.org/membership | 1-888-I1CC-SAFE (422-7233) x33804

7-61814-01



The International Code Council®, a membership association dedicated to building safety and fire
prevention, develops the codes used to construct residential and commercial buildings, including
homes and schools. Most U.S. cities, counties and states_that adopt codes choose the International
Codes® developed by the International Code Council.

MEMBERSHIP . : ‘ \

ICC membership provides many benefits to architects, engineers, builders, contractors, fire services L e
»‘ professionals, code officials, manufacturers and others. All ICC members have the opportunity to
improve skills, earn certifications, serve local communities and stay current on code changes, as
well as have access to code-support services and technical assistance, such as written and verbal
code interpretations. ICC members receive a variety of publications, including Building Safety
Journal and eNews, which help keep members on the cutting edge of industry activities. As an
added benefit, new ICC members also receive one free International Code of their choice. ;
Enjoy the prestige that comes with membership in the International Code Council and take this
opportunity to make a difference in building safety and fire prevention through participation in
the code development process.

For more information on ICC Membership, call 1-888-ICC-SAFE (422-7233), x33804. i

PLAN REVIEW

ICC Plan Review Services are available to all state and local government organizations as well as
to those in design industry professions. An ICC plan review includes comprehensive and accurate
review of all drawings and construction documents, necessary code interpretation, identification of
areas of noncompliance and a detailed checklist showing areas of compliance and noncompliance
with the code. ICC’s plan reviews are performed by ICC’s professionél staff who has unique
experience in applying the ICC International Codes and legacy codes (BOCA, ICBO, SBCCI),
under the supervision of licensed engineers and architects. By verifying code compliance during
the planning stage, an ICC plan review provides added value by streamlining and significantly
increasing the efficiency of the construction process.

For more information on ICC Plan Review Service, call 1-888-ICC-SAFE (.422-7233),)(33809.

it

TRAINING AND EDUCATION

ICC Training and Education helps building safety and fire prevention professionals increase ability
i and credibility through continuing education and training. Training and continuing education

! curricula are developed and delivered to facilitate career development, promote job satisfaction

' and enhance professional advancement. ICC provides state-of-the-art Certification and Contractor
Testing examinations. These programs will help you demonstrate your knowledge and maximize
your career potential. Co

For more information on Training and Education, call 1-888-ICC-SAFE (422-7233), x33806
(Certification) or x33817 (Seminar Registration).
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