











ALL OCCUPANCIES—GENERAL PROVISIONS

FIGURE 101-A CALIFORNIA CLIMATE ZONES
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SUBCHAPTER 2

ALL OCCUPANCIES—MANDATORY REQUIREMENTS FOR THE
MANUFACTURE, CONSTRUCTION AND INSTALLATION OF
SYSTEMS, EQUIPMENT AND BUILDING COMPONENTS

SECTION 110
SYSTEMS AND EQUIPMENT—GENERAL

Sections 111 through 119 establish requirements for manufac-
turing, construction and installation of certain systems, equip-
ment and building components that are installed in buildings
regulated by Title 24, Part 6. Systems, equipment and building
components listed below may be installed only if:

(a) The manufacturer has certified that the system, equip-
ment or building component complies with the applicable man-
ufacturing provisions of Sections 111 through 119; and

(b) The system, equipment or building component complies
with the applicable installation provisions of Sections 111
through 119.

No system, equipment or building component covered by
the provisions of Sections 111 through 119 that is not certified
or that fails to comply with the applicable installation
requirements may be installed in a building regulated by Title
24, Part 6.

The systems, equipment and building components covered
are:

Appliances regulated by the Appliance Efficiency Regula-
tions (Section 111).

Other space-conditioning equipment (Section 112).

Other service water-heating systems and equipment (Sec-
tion 113).

Pool and spa systems and equipment (Section 114).

Gas appliances (Section 115).

Doors, windows and fenestration products (Section 116).

Joints and other openings (Section 117).

Insulation and roofing products (Section 118).

Lighting control devices, ballasts and luminaires (Section
119).

SECTION 111
MANDATORY REQUIREMENTS FOR
APPLIANCES REGULATED BY THE APPLIANCE
EFFICIENCY REGULATIONS

Any appliance for which there is a California standard estab-
lished in the Appliance Efficiency Regulations may be
installed only if the manufacturer has certified to the Commis-
sion, as specified in those regulations, that the appliance com-
plies with the applicable standard for that appliance. For
certified appliances, go to www.energy.ca.gov/appli-
ances/database.
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SECTION 112
MANDATORY REQUIREMENTS FOR
SPACE-CONDITIONING EQUIPMENT

Certification by manufacturers. Any space-conditioning
equipment listed in this section may be installed only if the
manufacturer has certified that the equipment complies with all
the applicable requirements of this section.

(a) Efficiency. Equipment shall meet the applicable require-
ments in Tables 112-A through 112-M, subject to the follow-
ing:

1. If more than one standard is listed for any equipment in
Tables 112-A through 112-M, the equipment shall meet
all the applicable standards that are listed; and

2. If more than one test method is listed in Tables 112-A
through 112-M, the equipment shall comply with the
applicable standard when tested with each test method;
and

3. Where equipment can serve more than one function,
such as both heating and cooling, or both space heating
and water heating, it shall comply with all the require-
ments applicable to each function; and

4. Where arequirement is for equipment rated at its “max-
imum rated capacity” or “minimum rated capacity,” the
capacity shall be as provided for and allowed by the
controls, during steady-state operation.

Exception to Section 112(a): Water-cooled centrifu-
gal water-chilling packages that are not designed for
operation at ARI Standard 550 test conditions of 44°F
leaving chilled water temperature and 85°F entering
condenser water temperature shall have a minimum
full load COP rating as shown in Tables 112-H, 112-1,
and 112-J and a minimum NPLV rating as shown in
Tables 112-K, 112-L and 112-M. The table values are
only applicable over the following full load design
ranges:

Leaving Chiller Water Temperature 40t0 48°F
Entering Condenser Water Temperature 75 to 85°F
Condensing Water Temperature Rise 5to 15°F

(b) Controls for heat pumps with supplementary electric
resistance heaters. Heat pumps with supplementary electric
resistance heaters shall have controls:

1. That prevent supplementary heater operation when the
heating load can be met by the heat pump alone; and

2. In which the cut-on temperature for compression heat-
ing is higher than the cut-on temperature for supple-
mentary heating, and the cut-off temperature for
compression heating is higher than the cut-off tempera-
ture for supplementary heating.
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ALL OCCUPANCIES—MANDATORY REQUIREMENTS

Exception to Section 112(b): The controls may
allow supplementary heater operation during:

A. Defrost; and

B. Transient periods such as start-ups and following
room thermostat setpoint advance, if the controls
provide preferential rate control, intelligent recov-
ery, staging, ramping or another control mecha-
nism designed to preclude the unnecessary
operation of supplementary heating.

(c) Thermostats. All unitary heating and/or cooling systems
including heat pumps that are not controlled by a central energy
management control system (EMCS) shall have a setback ther-
mostat.

1. Setback Capabilities. All thermostats shall have a
clock mechanism that allows the building occupant to
program the temperature set points for at least four peri-
ods within 24 hours. Thermostats for heat pumps shall
meet the requirements of Section 112(b).

Exception to Section 112(c): Gravity gas wall heat-
ers, gravity floor heaters, gravity room heaters,

noncentral electric heaters, fireplaces or decorative
gas appliances, wood stoves, room air conditioners,
and room air-conditioner heat pumps need not com-
ply with this requirement. Additionally, room air-con-
ditioner heat pumps need not comply with Section
112(b). Under performance method of compliance,
the resulting increase in energy use due to elimination
of the setback thermostat shall be factored into the
compliance analysis in accordance with a method pre-
scribed by the Executive Director.

(d) Gas-fired and oil-fired furnace standby loss controls.
Gas-fired and oil-fired forced-air furnaces with input ratings
> 225,000 Btu/hr shall also have an intermittent ignition or
interrupted device (IID), and have either power venting or a
flue damper. A vent damper is an acceptable alternative to a
flue damper for furnaces where combustion air is drawn from
the conditioned space. All furnaces with input ratings >
225,000 Btu/hr, including electric furnaces, that are not located
within the conditioned space shall have jacket losses not
exceeding 0.75 percent of the input rating.

TABLE 112-A
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS—MINIMUM EFFICIENCY REQUIREMENTS
EFFICIENCY'
TEST
EQUIPMENT TYPE SIZE CATEGORY Before 1/1/2010 After 1/1/2010 PROCEDURE
Air conditioners, air cooled > 65,000 Btu/hr and < 135,000 Btu/hr 10.3 EER? 11.2 EER? ARI 340/360
> 135,000 Btu/hr and < 240,000 Btu/hr 9.7 EER? 11.0 EER? ARI 340/360
9.5 EER? and 10.0 EER? and
> 240,000 Btu/hr and < 760,000 Btu/hr 97 IPLV? 9.7 IPLV?
9.2 EER” and 9.7 EER” and
> 760,000 Btw/hr 9.4 IPLV? 9.4IPLV?
Air conditioners, water and ARI 210/240
tivel led
CVApOTAtVELy cooTe - 240,000 Biu/he 11.0 EER? and ARI 340/360
’ 10.3 IPLV?
Condensing units, air cooled 10.1 EER and ARI 365
> 135,000 Btu/hr 112 IPLV
Condensing units, water or 13.1 EER and
evaporatively cooled > 135,000 Bu/hr 13.1 IPLV

'IPLVs are applicable only to equipment with capacity modulation.
“Deduct 0.2 from the required EERs and IPLVs for units with a heating section other than electric resistance heat.
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TABLE 112-B
UNITARY AND APPLIED HEAT PUMPS—MINIMUM EFFICIENCY REQUIREMENTS
EFFICIENCY'
SUBCATEGORY OR RATING TEST
EQUIPMENT TYPE SIZE CATEGORY CONDITION Before 1/1/2010 | After 1/1/2010 PROCEDURE
Air cooled > 65,000 Btu/hr and < 135,000 Split system and single package 10.1 EER? 11.0 ARI 340/360
(cooling mode) Btu/hr
> 135,000 Btu/hr and < 240,000 | Split system and single package 9.3 EER? 10.6 ARI 340/360
Btu/hr
> 240,000 Btu/hr Split system and single package 9.0 EER? 9.5EER” and
9.2 IPLV* 9.2 IPLV’
Air cooled > 65,000 Btu/hr and < 135,000 47°Fdb/43°Fwb outdoor air 3.2 COP 3.3 COP ARI 210/240
(heating mode) Btu/hr (cooling capacity)
> 135,000 Btu/hr (cooling capacity) 47°Fdb/43°Fwb outdoor air 3.1 COP 3.2 COP ARI 340/360
'IPLVs and Part load rating conditions are applicable only to equipment with capacity modulation.
"Deduct 0.2 from the required EERs and IPLVs for units with a heating section other than electric resistance heat.
TABLE 112-C
AIR-COOLED GAS-ENGINE HEAT PUMPS
EQUIPMENT TYPE SIZE CATEGORY | SUBCATEGORY OR RATING CONDITION| EFFICIENCY | TEST PROCEDURE
Air-cooled gas-engine heat pump (cooling All capacities 95°F db outdoor air 0.6 COP ANSI Z21.40.4
mode)
Air-cooled gas-engine heat pump (heating All capacities 47°F db/43°F wb outdoor air 0.72 COP ANSI Z21.40.4
mode)
TABLE 112-D
WATER CHILLING PACKAGES—MINIMUM EFFICIENCY REQUIREMENTS
EQUIPMENT TYPE SIZE CATEGORY EFFICIENCY TEST PROCEDURE
Air cooled, with condenser, electrically operated <150 tons 2.80 COP
> 3.05IPLV
, _ , 2 150 tons ARI 550/590
Air cooled, without condenser, electrically operated All capacities 3.10 COP
3.45TPLV
Water cooled, electrically operated, positive displacement All capacities 4.20 COpP
(reciprocating) 505 IPLV ARI 550/590
Water cooled, electrically operated, positive displacement (rotary <150 tons 4.45 COP
screw and scroll) 5.20 IPLV
>150 tons and < 300 tons 4.90 COP
560 IPLV ARI 550/590
> 300 tons 5.50 COP
6.15 IPLV
Water cooled, electrically operated, centrifugal <150 tons 5.00 COP
5.25TPLV
> 150 tons and < 300 tons 5.55 COP
500 IPLV ARI 550/590
> 300 tons 6.10 COP
6.40 IPLV
Air cooled absorption single effect All capacities 0.60 COP
Water cooled absorption single effect All capacities 0.70 COP
Absorption double effect, indirect-fired All capacities 1.00 COP ARI 560
1.05 IPLV
Absorption double effect, direct-fired All capacities 1.00 COP
1.00 IPLV
Water cooled gas engine driven chiller All capacities 213 1?)85/ ANSI 721 40 4
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TABLE 112-E
PACKAGED TERMINAL AIR CONDITIONERS AND PACKAGED TERMINAL HEAT PUMPS—MINIMUM EFFICIENCY REQUIREMENTS
SIZE CATEGORY SUBCATEGORY OR
EQUIPMENT TYPE (Input) RATING CONDITION EFFICIENCY' TEST PROCEDURE
PTAC (cooling mode) new construction All capacities 95°F db outdoor air | 12.5-(0.213 x Cap/1000)'
EER
PTAC (cooling mode) replacements” All capacities 95°F db outdoor air | 10.9-(0.213 x Cap/1000)"
EER
PTHP (cooling mode) new construction All capacities 95 °F db outdoor air | 12.3-(0.213 x Cap/ 1000)"
EER ARI 310/380
PTHP (cooling mode) replacements” All capacities 95°F db outdoor air | 10.8-(0.213 x Cap/1000)'
EER
PTHP (heating mode) new construction All capacities 3.2-(0.026 x Cap/1000)' COP
PTHP (heating mode) replacements? All capacities 2.9-(0.026 x Cap/1000)! COP
SPVAC (cooling mode) <65,000 Btu/h 95°F db/75°F wb 9.0 EER
>65,000 Btu/h and outdoor air 8.9 EER
<135,000 Btu/h
>135,000 Btu/h and 8.6 EER
<240,000 Btu/h
SPVHP (cooling mode) <65,000 Btu/h 9.0 EER
>65,000 Btu/h and 8.9 EER
<135,000 Btu/h ARI 390
>135,000 Btu/h and 8.6 EER
<240,000 Btu/h
SPVHP (heating mode) <65,000 Btu/H and | 47°F db/43°F wb 3.0 Cop
>65,000 Btu/h and outdoor air 3.0 COP
<135,000 Btu/h
>135,000 Btu/h and 2.9 COP
<240,000 Btu/h

1Cap means the rated cooling capacity of the product in Btu/hr. If the unit’s capacity is less than 7000 Btu/hr, use 7000 Btu/hr in the calculation. If the unit’s capacity

is greater than 15,000 Btu/hr, use 15,000 Btu/hr in the calculation.
Replacement units must be factory labeled as follows: “MANUFACTURED FOR REPLACEMENT APPLICATIONS ONLY; NOT TO BE INSTALLED IN
NEW CONSTRUCTION PROJECTS.” Replacement efficiencies apply only to units with existing sleeves less than 16 inches high and less than 42 inches wide.

>

TABLE 112-G
PERFORMANCE REQUIREMENTS FOR HEAT REJECTION EQUIPMENT
TOTAL SYSTEM HEAT
REJECTION CAPACITY SUBCATEGORY OR RATING PERFORMANCE
EQUIPMENT TYPE AT RATED CONDITIONS CONDITION REQUIRED"? TEST PROCEDURE®
Propeller or axial fan All 95°F entering water > 38.2 gpm/hp CTI ATC-105
open cooling towers 85°F leaving water and
75°F wb outdoor air CTI STD-201
Centrifugal fan open All 95°F entering water >20.0 gpm/hp CTI ATC-105
cooling towers 85°F leaving water and
75°F wb outdoor air CTI STD-201
Air-cooled condensers All 125°F condensing temperature > 176,000 Btu/hr hp ARI 460
R22 test fluid
190°F entering gas temperature
15°F subcooling
95°F entering drybulb

| | 'For purposes of this table, open cooling tower performance is defined as the maximum flow rating of the tower divided by the fan nameplate rated motor power.
?For purposes of this table air-cooled condenser performance is defined as the heat rejected from the refrigerant divided by the fan nameplate rated motor power.

| | *Open cooling towers shall be tested using the test procedures in CTI ATC-105. Performance of factory assembled open cooling towers shall be either certified as
base models as specified in CTISTD-201 or verified by testing in the field by a CTI approved testing agency. Open factory assembled cooling towers with custom
options added to a CTI certified base model for the purpose of safe maintenance or to reduce environmental or noise impact shall be rated at 90% of the CTI certi-
fied performance of the associated base model or at the manufacturer’s stated performance, whichever is less. Base models of open factory assembled cooling
towers are open cooling towers configured in exact accordance with the Data of Record submitted to CTI as specified by CTI STD-201. There are no certification
requirements for field erected cooling towers.

| | *The efficiencies for open cooling towers listed in Table 112-G are not appicable for closed-circuit towers.
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TABLE 112-H
COPS FOR NONSTANDARD CENTRIFUGAL CHILLERS < 150 TONS
CENTRIFUGAL CHILLERS < 150 Tons
COP, =5.0
Entering Condenser Flow Rate
Leaving Condenser
Chilled Water Water 2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton
Temperature Temperature
(°F) (°F) LIFT' (°F) Required COP
46 75 29 5.58 5.83 6.03 6.32 6.54 6.70
45 75 30 5.50 5.74 5.92 6.19 6.38 6.53
44 75 31 542 5.65 5.82 6.07 6.24 6.37
43 75 32 5.35 5.57 5.72 5.95 6.11 6.23
42 75 33 5.27 5.49 5.64 5.85 6.00 6.11
41 75 34 5.19 5.41 5.56 5.75 5.89 5.99
46 80 34 5.19 541 5.56 5.75 5.89 5.99
40 75 35 5.11 5.33 5.48 5.67 5.79 5.88
45 80 35 5.11 5.33 5.48 5.67 5.79 5.88
44 80 36 5.03 5.26 5.40 5.58 5.70 5.79
43 80 37 4.94 5.18 532 5.50 5.62 5.70
42 80 38 4.84 5.10 5.25 5.43 5.53 5.61
41 80 39 4.73 5.01 5.17 5.35 5.46 5.53
46 85 39 4.73 5.01 5.17 5.35 5.46 5.53
40 80 40 4.62 4.92 5.09 5.27 5.38 5.45
45 85 40 4.62 4.92 5.09 5.27 5.38 5.45
44 85 41 4.49 4.82 5.00 5.20 5.30 5.38
43 85 42 4.35 4.71 491 5.12 5.23 5.30
42 85 43 4.19 4.59 4.81 5.03 5.15 5.22
41 85 44 4.02 4.46 4.70 4.94 5.06 5.14
40 85 45 3.84 4.32 4.58 4.84 4.98 5.06
Condenser DT> 14.04 11.23 9.36 7.02 5.62 4.68

'LIFT = Entering Condenser Water Temperature (°F) — Leaving Chilled Water Temperature (°F)

*Condenser DT = 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 DT + LIFT

COP,g; = Ky * COPyq
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TABLE 112-1
COPS FOR NONSTANDARD CENTRIFUGAL CHILLERS > 150 TONS, < 300 TONS

CENTRIFUGAL CHILLERS > 150 Tons, < 300 Tons

COP, = 5.55
Entering Condenser Flow Rate
Leavi,'\',gtg' Hled c°\','vif2rs er 2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton
Temperature Temperature

(°F) (°F) LIFT' (°F) Required COP
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 6.9 7.05
43 75 32 5.91 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 6.62
40 75 35 5.65 5.90 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
43 80 37 5.46 5.73 5.89 6.08 6.21 6.30
42 80 38 5.35 5.64 5.80 6.00 6.12 6.20
41 80 39 5.23 5.54 5.71 5.91 6.03 6.11
46 85 39 5.23 5.54 5.71 5.91 6.03 6.11
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
44 85 41 4.96 5.33 5.55 5.74 5.86 5.94
43 85 42 4.81 5.21 5.42 5.66 5.78 5.86
42 85 43 4.63 5.08 5.31 5.56 5.69 5.77
41 85 44 4.45 4.93 5.19 5.46 5.60 5.69
40 85 45 4.24 4.77 5.06 5.35 5.50 5.59

Condenser DT> 14.04 11.23 9.36 7.02 5.62 4.68

'LIFT = Entering Condenser Water Temperature (°F) — Leaving Chilled Water Temperature (°F)
“Condenser DT = 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 DT + LIFT

COPadj = Kadj * COPSM
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TABLE 112-J
COPS FOR NONSTANDARD CENTRIFUGAL CHILLERS > 300 TONS
CENTRIFUGAL CHILLERS > 300 Tons
COP, = 6.1
Entering Condenser Flow Rate
Leaving Chilled Condenser
Water Water 2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton
Temperature Temperature
(°F) (°F) LIFT" (°F) Required COP
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 7.30
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 5.77 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 DT? 14.04 11.23 9.36 7.02 5.62 4.68

'LIFT = Entering Condenser Water Temperature (°F) — Leaving Chilled Water Temperature (°F)

*Condenser DT = Leaving Condenser Water Temperature (°F) — Entering Condenser Water Temperature (°F)

Ko = 6.1507 — 0.30244(X) + 0.0062692(X)? — 0.000045595(X)*

where X = Condenser DT + LIFT

COPadj = Kadj * COPS‘d
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TABLE 112-K
IPLV/NPLV FOR NONSTANDARD CENTRIFUGAL CHILLERS < 150 TONS

CENTRIFUGAL CHILLERS < 150 Tons

IPIV 4 = 5.25
Entering Condenser Flow Rate
Leavi,'\',gtg:' Hled co\;‘v(;?:: er 2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton
Temperature Temperature

(°F) (°F) LIFT" (°F) Required IPLV/NPLV
46 75 29 5.84 6.10 6.30 6.61 6.84 7.00
45 75 30 5.75 6.00 6.19 6.47 6.68 6.83
44 75 31 5.67 591 6.08 6.34 6.53 6.67
43 75 32 5.59 5.82 5.99 6.23 6.39 6.52
42 75 33 5.51 5.74 5.90 6.12 6.27 6.39
41 75 34 5.43 5.66 5.81 6.02 6.16 6.26
46 80 34 543 5.66 5.81 6.02 6.16 6.26
40 75 35 5.35 5.58 5.73 5.93 6.06 6.15
45 80 35 5.35 5.58 5.73 5.93 6.06 6.15
44 80 36 5.26 5.50 5.65 5.84 5.96 6.05
43 80 37 5.16 5.42 5.57 5.76 5.87 5.96
42 80 38 5.06 533 5.49 5.67 5.79 5.87
41 80 39 4.95 5.24 5.41 5.60 5.71 5.78
46 85 39 4.95 5.24 5.41 5.60 5.71 5.78
40 80 40 4.83 5.14 5.32 5.52 5.63 5.70
45 85 40 4.83 5.14 5.32 5.52 5.63 5.70
44 85 41 4.69 5.04 5.25° 543 5.55 5.62
43 85 42 4.55 4.93 5.13 5.35 5.47 5.54
42 85 43 4.38 4.80 5.03 5.26 5.38 5.46
41 85 44 4.21 4.67 4.91 5.17 5.30 5.38
40 85 45 4.01 4.52 4.79 5.06 5.20 5.29

Condenser DT> 14.04 11.23 9.36 7.02 5.62 4.68

'LIFT = Entering Condenser Water Temperature (°F) — Leaving Chilled Water Temperature (°F)
“Condenser DT = Leaving Condenser Water Temperature (°F) — Entering Condenser Water Temperature (°F)
AU values shown are NPLV except at conditions of 3 gpn/ton and 41 °F LIFT which is IPLV.

Kagi = 6.1507 — 0.30244(X) + 0.0062692(X)* - 0.000045595(X)’

where X = Condenser DT + LIFT

COP,g = Kygj * COPgyq
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TABLE 112-L
IPLV/NPLV FOR NONSTANDARD CENTRIFUGAL CHILLERS > 150 TONS < 300 TONS
CENTRIFUGAL CHILLERS > 300 Tons
IPLV,,, = 6.4
Entering Condenser Flow Rate
Leaving Chilled| Condenser
Water Water 2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton
Temperature Temperature
(°F) (°F) LIFT' (°F) Required IPLV/NPLV
46 75 29 7.15 7.47 7.72 8.10 8.37 8.58
45 75 30 7.05 7.35 7.58 7.93 8.18 8.36
44 75 31 6.95 7.23 7.45 7.77 8.00 8.16
43 75 32 6.85 7.13 7.33 7.63 7.83 7.98
42 75 33 6.75 7.03 7.22 7.49 7.68 7.82
41 75 34 6.65 6.93 7.12 7.37 7.55 7.67
46 80 34 6.65 6.93 7.12 7.37 7.55 7.67
40 75 35 6.55 6.83 7.01 7.26 7.42 7.54
45 80 35 6.55 6.83 7.01 7.26 7.42 7.54
44 80 36 6.44 6.73 6.92 7.15 7.30 7.41
43 80 37 6.32 6.63 6.82 7.05 7.19 7.30
42 80 38 6.20 6.53 6.72 6.95 7.09 7.19
41 80 39 6.06 6.42 6.62 6.85 6.99 7.08
46 85 39 6.06 6.42 6.62 6.85 6.99 7.08
40 80 40 5.91 6.30 6.52 6.76 6.89 6.98
45 85 40 5.91 6.30 6.52 6.76 6.89 6.98
44 85 41 5.75 6.17 6.40° 6.66 6.79 6.89
43 85 42 5.57 6.03 6.28 6.55 6.70 6.79
42 85 43 5.37 5.88 6.16 6.44 6.59 6.69
41 85 44 5.15 5.71 6.01 6.33 6.49 6.59
40 85 45 4.91 5.53 5.86 6.20 6.37 6.48
Condenser DT> 14.04 11.23 9.36 7.02 5.62 4.68

'LIFT = Entering Condenser Water Temperature (°F) — Leaving Chilled Water Temperature (°F)

*Condenser DT = Leaving Condenser Water Temperature (°F) — Entering Condenser Water Temperature (°F)

Al1 values shown are NPLV except at conditions of 3 gpn/ton and 41 °F LIFT which is IPLV.

Ky = 6.1507 — 0.30244(X) + 0.0062692(X)* - 0.000045595(X)’

where X = Condenser DT + LIFT

COP,g = Ky * COPgy
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TABLE 112-M
IPLV/NPLV FOR NONSTANDARD CENTRIFUGAL CHILLERS > 300 TONS
CENTRIFUGAL CHILLERS > 300 Tons
IPLV,,, = 6.4
Entering Condenser Flow Rate
Leav:,'\',gtg:' illed Co\?vc;?:f er 2 gpm/ton 2.5 gpm/ton 3 gpm/ton 4 gpm/ton 5 gpm/ton 6 gpm/ton
Temperature Temperature

(°F) (°F) LIFT! (°F) Required IPLV/NPLV
46 75 29 7.15 7.47 7.72 8.10 8.37 8.58
45 75 30 7.05 7.35 7.58 7.93 8.18 8.36
44 75 31 6.95 7.23 7.45 7.77 8.00 8.16
43 75 32 6.85 7.13 7.33 7.63 7.83 7.98
42 75 33 6.75 7.03 7.22 7.49 7.68 7.82
41 75 34 6.65 6.93 7.12 7.37 7.55 7.67
46 80 34 6.65 6.93 7.12 7.37 7.55 7.67
40 75 35 6.55 6.83 7.01 7.26 7.42 7.54
45 80 35 6.55 6.83 7.01 7.26 742 7.54
44 80 36 6.44 6.73 6.92 7.15 7.30 7.41
43 80 37 6.32 6.63 6.82 7.05 7.19 7.30
42 80 38 6.20 6.53 6.72 6.95 7.09 7.19
41 80 39 6.06 6.42 6.62 6.85 6.99 7.08
46 85 39 6.06 6.42 6.62 6.85 6.99 7.08
40 80 40 5.91 6.30 6.52 6.76 6.89 6.98
45 85 40 5.91 6.30 6.52 6.76 6.89 6.98
44 85 41 5.75 6.17 6.40° 6.66 6.79 6.89
43 85 42 5.57 6.03 6.28 6.55 6.70 6.79
42 85 43 5.37 5.88 6.16 6.44 6.59 6.69
41 85 44 5.15 5.71 6.01 6.33 6.49 6.59
40 85 45 4.91 5.53 5.86 6.20 6.37 6.48

Condenser DT> 14.04 11.23 9.36 7.02 5.62 4.68

'LIFT = Entering Condenser Water Temperature (°F) — Leaving Chilled Water Temperature (°F)
*Condenser DT = Leaving Condenser Water Temperature (°F) — Entering Condenser Water Temperature (°F)
3Al11 values shown are NPLV except at conditions of 3 gpn/ton and 41 °F LIFT which is IPLV.

Kagi = 6.1507 — 0.30244(X) + 0.0062692(X)? — 0.000045595(X)?
where X = Condenser DT + LIFT
COP,g = Kygj * COPgq

SECTION 113
MANDATORY REQUIREMENTS FOR SERVICE
WATER-HEATING SYSTEMS AND EQUIPMENT

(a) Certification by manufacturers. Any service
water-heating system or equipment may be installed only if the
manufacturer has certified that the system or equipment com-
plies with all of the requirements of this subsection for that sys-
tem or equipment.

1. Temperature controls for service water-heating sys-
tems. Service water-heating systems shall be equipped
with automatic temperature controls capable of adjust-
ment from the lowest to the highest acceptable tempera-
ture settings for the intended use as listed in Table 2,

30
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Chapter 49 of the ASHRAE Handbook, HVAC Appli-
cations Volume.

Exception to Section 113(a)1: Residential occupan-
cies.

(b) Efficiency. Equipment shall meet the applicable require-
ments of the Appliance Efficiency Regulations as required by
Section 111, subject to the following:

1. If more than one standard is listed in the Appliance Effi-
ciency Regulations, the equipment shall meet all the
standards listed; and

. If more than one test method is listed in the Appliance
Efficiency Regulations, the equipment shall comply
with the applicable standard when tested with each test
method; and
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3.

Where equipment can serve more than one function,
such as both heating and cooling, or both space heating
and water heating, it shall comply with all the require-
ments applicable to each function; and

. Where arequirement is for equipment rated at its “max-

imum rated capacity” or “minimum rated capacity,” the
capacity shall be as provided for and allowed by the
controls, during steady-state operation.

(c) Installation. Any service water-heating system or equip-
ment may be installed only if the system or equipment complies
with all of the applicable requirements of this subsection for the
system or equipment.

1.

2.

2007 CALIFORNIA ENERGY CODE

Outlet temperature controls. On systems that have a
total capacity greater than 167,000 Btu/hr, outlets that
require higher than service water temperatures as listed
inthe ASHRAE Handbook, Applications Volume, shall
have separate remote heaters, heat exchangers or boost-
ers to supply the outlet with the higher temperature.

Controls for hot water distribution systems. Service
hot water systems with circulating pumps or with elec-
trical heat trace systems shall be capable of automati-
cally turning off the system.

Exception to Section 113(c)2: Water heating sys-
tems serving a single dwelling unit.

. Temperature controls for public lavatories. The con-

trols shall limit the outlet temperature to 110°F.

. Insulation. Unfired service water heater storage tanks

and backup tanks for solar water-heating systems shall
have:

A. External insulation with an installed R-value of at
least R-12; or

B. Internal and external insulation with a combined
R-value of at least R-16; or

C. The heat loss of the tank surface based on an 80°F
water-air temperature difference shall be less than
6.5 Btu per hour per square foot.

. Water heating recirculation loops serving multiple

dwelling units, high-rise residential, hotel/motel and
nonresidential occupancies. A water heating
recirculation loop is a type of hot water distribution sys-
tem that reduces the time needed to deliver hot water to
fixtures that are distant from the water heater, boiler or
other water heating equipment. The recirculation loop
is comprised of a supply portion, connected to branches
that serve multiple dwelling units, guest rooms, or fix-
tures and a return portion that completes the loop back
to the water heating equipment. A water heating
recirculation loop shall meet the following require-
ments:

A. Air release valve or vertical pump installation.
An automatic air release valve shall be installed on
the recirculation loop piping on the inlet side of the
recirculation pump and no more than 4 feet from the
pump. This valve shall be mounted on top of a verti-
cal riser at least 12" in length and shall be accessible
for replacement and repair. Alternatively, the pump
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shall be installed on a vertical section of the return
line.

B. Recirculation loop backflow prevention. A check
valve or similar device shall be located between the
recirculation pump and the water heating equipment
to prevent water from flowing backwards though the
recirculation loop.

C. Equipment for pump priming. A hose bibb shall
be installed between the pump and the water heating
equipment. An isolation valve shall be installed
between the hose bibb and the water heating equip-
ment. This hose bibb is used for bleeding air out of
the pump after pump replacement.

D. Pump isolation valves. Isolation valves shall be
installed on both sides of the pump. These valves
may be part of the flange that attaches the pump to
the pipe. One of the isolation valves may be the same
isolation valve as in item C.

E. Cold water supply and recirculation loop connec-
tion to hot water storage tank. Storage water heat-
ers and boilers shall be plumbed in accordance with
the boiler manufacturer’s specifications The cold
water piping and the recirculation loop piping shall
not be connected to the hot water storage tank drain
port.

F. Cold water supply backflow prevention. A check
valve shall be installed on the cold water supply line
between the hot water system and the next closest tee
on the cold water supply line. The system shall com-
ply with the expansion tank requirements as
described in the California Plumbing Code Section
608.3.

. Service water heaters in state buildings. Any newly

constructed building constructed by the State shall
derive its service water heating from a system that pro-
vides at least 60 percent of the energy needed for ser-
vice water heating from site solar energy or recovered
energy.

Exception to Section 113(c)6: Buildings for which
the state architect determines that service water heat-
ing from site solar energy or recovered energy is eco-
nomically or physically infeasible.

SECTION 114

MANDATORY REQUIREMENTS FOR POOL AND

SPA SYSTEMS AND EQUIPMENT

(a) Certification by manufacturers. Any pool or spa heat-
ing system or equipment may be installed only if the manufac-
turer has certified that the system or equipment has all of the
following:

1. Efficiency. A thermal efficiency that complies with the

Appliance Efficiency Regulations; and

2. On-off switch. A readily accessible on-off switch,

mounted on the outside of the heater that allows shut-
ting off the heater without adjusting the thermostat set-
ting; and
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3. Instructions. A permanent, easily readable and weath-
erproof plate or card that gives instruction for the
energy efficient operation of the pool or spa heater and
for the proper care of pool or spa water when a cover is
used; and

4. Electric resistance heating. No electric resistance
heating; and

Exception 1 to Section 114(a)4: Listed package units
with fully insulated enclosures, and with tight-fitting
covers that are insulated to at least R-6.

Exception 2 to Section 114(a)4: Pools or spas deriv-
ing at least 60 percent of the annual heating energy
from site solar energy or recovered energy.

(b) Installation. Any pool or spa system or equipment shall

be installed with all of the following:

1. Piping. At least 36 inches of pipe shall be installed
between the filter and the heater or dedicated suction
and return lines, or built-in or built-up connections shall
be installed to allow for the future addition of solar
heating equipment; and

2. Covers. A cover for outdoor pools or outdoor spas that
have a heat pump or gas heater.

3. Directional inlets and time switches for pools. If the
system or equipment is for a pool:

i. Thepool shall have directional inlets that adequately
mix the pool water; and

ii. Atime switch or similar control mechanism shall be
installed as part of a pool water circulation control
system that will allow all pumps to be set or pro-
grammed to run only during off-peak electric
demand period, and for the minimum time necessary
to maintain the water in the condition required by
applicable public health standards.

SECTION 115
NATURAL GAS CENTRAL FURNACES, COOKING
EQUIPMENT, AND POOL AND SPA HEATERS:
PILOT LIGHTS PROHIBITED

SECTION 116
MANDATORY REQUIREMENTS
FOR FENESTRATION PRODUCTS AND
EXTERIOR DOORS

(a) Certification of fenestration products and exterior
doors other than field-fabricated. Any fenestration product
and exterior door, other than field-fabricated fenestration prod-
ucts and field-fabricated exterior doors, may be installed only
if the manufacturer has certified to the Commission, or if an
independent certifying organization approved by the Commis-
sion has certified, that the product complies with all of the
applicable requirements of this subsection.

1. Air leakage. Manufactured fenestration products and
exterior doors shall have air infiltration rates not
exceeding 0.3 cfm/f’of window area, 0.3 cfm/ft* of
door area for residential doors, 0.3 cfm/ft? of door area
for nonresidential single doors (swinging and sliding),
and 1.0 cfm/ft* for nonresidential double doors (swing-
ing), when tested according to NFRC-400 or ASTM
E 283 at a pressure differential of 75 pascals (or 1.57
pounds/ft?), incorporated herein by reference.

2. U-factor. A fenestration product’s U-factor shall be
rated in accordance with NFRC 100, or the applicable

default U-factor set forth in Table 116-A.
Exception to Section 116(a)2: If the fenestration
product is a skylight or is site-built fenestration in a | |
building covered by the nonresidential standards with
less than 10,000 square feet of site-built fenestration,
the default U-factor may be calculated as set forth in |
Reference Nonresidential Appendix NA6.
3. SHGC. A fenestration product’s SHGC shall be rated
in accordance with NFRC 200 for site-built fenestra- <<
tion, or use the applicable default SHGC set forth in | |
Table 116-B.
Exception to Section 116(a)3: If the fenestration
product is a skylight or is site-built fenestration in a | |
building covered by the nonresidential standards with
less than 10,000 square feet of site-built fenestration,
the default SHGC may be calculated as set forth in | |
Reference Nonresidential Appendix NAG6. B
4. Labeling. Fenestration products shall:
A.Have a temporary label (or label certificate for

site-built fenestration) meeting the requirements of
Section 10-111(a)l, not to be removed before

Any natural gas system or equipment listed below may be
installed only if it does not have a continuously burning pilot
light:

(a) Fan-type central furnaces.
(b) Household cooking appliances.

Exception to Section 115(b): Household cooking appli-
ances without an electrical supply voltage connection and in
which each pilot consumes less than 150 Btu/hr.

(c) Pool heaters.

(d) Spa heaters.

inspection by the enforcement agency, listing the
certified U-factor and SHGC, and certifying that the
air leakage requirements of Section 116(a)1 are met
for each product line; and

B. Have a permanent label (or label certificate for
site-built fenestration) meeting the requirements of
Section 10-111(a)2 if the product is rated using
NFRC procedures.

. Fenestration acceptance requirements. Before an

occupancy permit is granted, site-built fenestration
products in other than low-rise residential buildings
shall be certified as meeting the Acceptance Require-
ments for Code Compliance, as specified by the Refer-

32 JANUARY 1, 2009 SUPPLEMENT 2007 CALIFORNIA ENERGY CODE



ence Nonresidential Appendix NA7 to ensure that
site-built fenestration meets Standards requirements,
including a matching label certificate for each product
installed and be readily accessible at the project loca-
tion. A Certificate of Acceptance shall be submitted to
the enforcement agency that certifies that the fenestra-
tion product meets the acceptance requirements.

Exception to Section 116(a): Fenestration products
removed and reinstalled as part of a building alter-
ation or addition.

ALL OCCUPANCIES—MANDATORY REQUIREMENTS

(b) Installation of field-fabricated fenestration and exte-
rior doors. Field-fabricated fenestration and field-fabricated
exterior doors may be installed only if the compliance docu-
mentation has demonstrated compliance for the installation
using U-factors from Table 116-A and SHGC values from
Table 116-B. Field-fabricated fenestration and field-fabricated
exterior doors shall be caulked between the fenestration prod-
ucts or exterior door and the building, and shall be weather-
stripped.

Exception to Section 116(b): Unframed glass doors and
fire doors need not be weatherstripped or caulked.

TABLE 116-A
DEFAULT FENESTRATION PRODUCT U-FACTORS
FRAME'? PRODUCT TYPE SINGLE PANE U-FACTOR | DOUBLE PANE U-FACTOR | GLASS BLOCK' U-FACTOR
Metal Operable 1.28 0.79 0.87
Fixed 1.19 0.71 0.72
Greenhouse/garden window 2.26 1.40 NA
Doors 1.25 0.77 NA
Skylight 1.98 1.3 NA
Metal, Thermal Break Operable NA 0.66 NA
Fixed NA 0.55 NA
Greenhouse/garden window NA 1.12 NA
Doors NA 0.59 NA
Skylight NA 1.11 NA
Nonmetal Operable 0.99 0.58 0.60
Fixed 1.04 0.55 0.57
Doors 0.99 0.53 NA
Greenhouse/garden window 1.94 1.06 NA
Skylight 1.47 0.84 NA

'For all dual-glazed fenestration products, adjust the listed U-factors as follows:
a. Add 0.05 for products with dividers between panes if spacer is less than /¢ inch wide.
b. Add 0.05 to any product with true divided lite (dividers through the panes).

Translucent or transparent panels shall use glass block values.

TABLE 116-B
DEFAULT SOLAR HEAT GAIN COEFFICIENT

FRAME TYPE PRODUCT GLAZING TOTAL WINDOW SHGC'
Single Pane Double Pane Glass Block'
Metal Operable Clear 0.80 0.70 0.70
Fixed Clear 0.83 0.73 0.73
Operable Tinted 0.67 0.59 NA
Fixed Tinted 0.68 0.60 NA
Metal, Thermal Break |Operable Clear NA 0.63 NA
Fixed Clear NA 0.69 NA
Operable Tinted NA 0.53 NA
Fixed Tinted NA 0.57 NA
Nonmetal Operable Clear 0.74 0.65 0.70
Fixed Clear 0.76 0.67 0.67
Operable Tinted 0.60 0.53 NA
Fixed Tinted 0.63 0.55 NA
'Translucent or transparent panels shall use glass block values.
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SECTION 117
MANDATORY REQUIREMENTS FOR JOINTS
AND OTHER OPENINGS

Joints and other openings in the building envelope that are
potential sources of air leakage shall be caulked, gasketed,
weather-stripped or otherwise sealed to limit infiltration and
exfiltration.

SECTION 118
MANDATORY REQUIREMENTS FOR INSULATION
AND ROOFING PRODUCTS

(a) Certification by manufacturers. Any insulation shall
be certified by Department of Consumer Affairs, Bureau of
Home Furnishings and Thermal Insulation that the insulation
conductive thermal performance is approved pursuant to the
California Code of Regulations, Title 24, Part 12, Chapters
12 — 13, Article 3 “Standards for Insulating Material.”

(b) Installation of urea formaldehyde foam insulation.
Urea formaldehyde foam insulation may be applied or installed
only if:

1. It is installed in exterior side walls; and
2. A 4-mil-thick plastic polyethylene vapor barrier or
equivalent plastic sheathing vapor barrier is installed

between the urea formaldehyde foam insulation and the
interior space in all applications.

(c) Flamespread rating. All insulating material shall be
installed in compliance with the flamespread rating and smoke
density requirements of the CBC.

(d) Installation of insulation in existing buildings. Insula-
tion installed in an existing attic, or on an existing duct or water

> heater, shall comply with the applicable requirements of sub-
| sections 1, 2 and 3 below. If a contractor installs the insulation,

the contractor shall certify to the customer, in writing, that the
insulation meets the applicable requirements of subsections 1,
2 and 3 below.

1. Attics. If insulation is installed in the existing attic of a
low-rise residential building, the R-value of the total
amount of insulation (after addition of insulation to the
amount, if any, already in the attic) shall be at least R-38
in climate zones 1 and 16; and R-30 in all other climate
zones.

Exception to Section 118(d)1: Where the accessible
space in the attic is not large enough to accommodate
the required R-value, the entire accessible space shall
be filled with insulation, provided such installation
does not violate Section 1203.2 of Title 24, Part 2.

2. Water heaters. If external insulation is installed on an
existing unfired water storage tank or on an existing
back-up tank for a solar water-heating system, it shall
have an R-value of at least R-12, or the heat loss of the
tank surface based on an 80°F water-air temperature
difference shall be less than 6.5 Btu per hour per square
foot.

3. Ducts. If insulation is installed on an existing

space-conditioning duct, it shall comply with Section
605 of the CMC.
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(e) Placement of roof/ceiling insulation. Insulation
installed to limit heat loss and gain through the top of condi-
tioned spaces shall comply with the following:

1. Insulation shall be installed in direct contact with a con-
tinuous roof or ceiling which is sealed to limit infiltra-
tion and exfiltration as specified in Section 117,
including but not limited to, placing insulation either
above or below the roof deck or on top of a drywall ceil-
ing; and

2. When insulation is installed at the roof in nonresidential
buildings, fixed vents or openings to the outdoors or to
unconditioned spaces shall not be installed, and the
space between the ceiling and the roof is either directly
or indirectly conditioned space and shall not be consid-
ered an attic for the purposes of complying with CBC
attic ventilation requirements; and

3. Insulation placed on top of a suspended ceiling with
removable ceiling panels shall be deemed to have no
affect on envelope heat loss; and

Exception to Section 118(e)3: When there are condi-
tioned spaces with a combined floor area no greater
than 2,000 square feet in an otherwise unconditioned
building, and when the average height of the space
between the ceiling and the roof over these spaces is
greater than 12 feet, insulation placed in direct contact
with a suspended ceiling with removable ceiling pan-
els shall be an acceptable method of reducing heat
loss from a conditioned space and shall be accounted
for in heat loss calculations.

4. Insulation shall be installed below the roofing mem-
brane or layer used to seal the roof from water penetra-
tion unless the insulation has a maximum water
absorption of 0.3 percent by volume when tested
according to ASTM Standard C 272.

Note: Vents that do not penetrate the roof deck, that <<

are designed for wind resistance for roof membranes,
are not within the scope of Section 118(e)2.

(f) Demising walls in nonresidential buildings. The
opaque portions of framed demising walls in nonresidential
buildings shall be insulated with an installed R-value of no less
than R-13 between framing members.

(g) Insulation requirements for heated slab floors.
Heated slab-on-grade floors shall be insulated according to the
requirements in Table 118-A.

1. Insulation materials in ground contact must:

A. Comply with the certification requirements of Sec-
tion 118(a); and

B. Have a water absorption rate for the insulation mate-
rial alone without facings that is no greater than 0.3
percent when tested in accordance with Test Method
A - 24 Hour-Immersion of ASTM C 272.

2. Insulation installation must:

A. Cover the insulation with a solid guard that protects
against damage from ultraviolet radiation, moisture,
landscaping operation, equipment maintenance and
wind; and
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B. Include a rigid plate, which penetrates the slab and
blocks the insulation from acting as a conduit for
insects from the ground to the structure above the
foundation.

(h) Wet insulation systems. When insulation is installed on
roofs above the roofing membrane or layer used to seal the roof
from water penetration, the effective R-value of the insulation
shall be as specified in Reference Joint Appendix JA4.

(i) Roofing products solar reflectance and thermal emit-
tance.

1. In order to meet the requirements of Sections 141, 142,
143(a)1, 149(b)1B, 151(f)12, 152(b)1H or 152(b)2, a
roofing product’s thermal emittance and 3-year aged
solar reflectance shall be certified and labeled accord-
ing to the requirements of Section 10-113.

Exception to Section 118(i)1: Roofing products that
are not certified according to Section 10-113 shall
assume the following default aged reflectance/emit-
tance values:

A. For asphalt shingles, 0.08/0.75
B. For all other roofing products, 0.10/0.75

2. If CRRC testing for 3-year aged reflectance is not avail-
able for any roofing products, the 3-year aged value
shall be derived from the CRRC initial value using the
equation Ryged = [0.240.7[ Pinitiai-0.2], where pinitial = the
initial solar reflectance.

3. Solar Reflectance Index (SRI), calculated as specified
by ASTM E 1980-01, may be used as an alternative to
thermal emittance and 3-year aged solar reflectance
when complying with the requirements of Sections
141, 142, 143(a)l, 149(b)1B, 151(f)12, 152(b)H or
152(b)2. SRI calculations shall be based on moderate
wind velocity of 2 — 6 meters per second. The SRI shall
be calculated based on the 3-year aged reflectance
value of the roofing products.

ALL OCCUPANCIES—MANDATORY REQUIREMENTS

4. Liquid applied roof coatings applied to low-sloped
roofs in the field as the top surface of a roof covering
shall:

A. Be applied across the entire roof surface to meet the
dry mil thickness or coverage recommended by the
coating manufacturer, taking into consideration the
substrate on which the coating is applied, and

B. Meet the minimum performance requirements listed
in Table 118-B or the minimum performance
requirements of ASTM C 836, D 3468, D 6083 or
D 6694, whichever are appropriate to the coating
material.

Exception 1 to Section 118(i)4B: Aluminum-pig-
mented asphalt roof coatings shall meet the
requirements of ASTM D 2824 or ASTM D 6848
and be installed as specified by ASTM D 3805.

Exception 2 to Section 118(i)4B: Cement-based
roof coatings shall contain a minimum of 20
percent cement and shall meet the requirements of
ASTM C 1583, ASTM D 822 and ASTM D 5870.

SECTION 119
MANDATORY REQUIREMENTS FOR LIGHTING
CONTROL DEVICES, BALLASTS AND LUMINAIRES

Any lighting control device, ballast or luminaire subject to the
requirements of Section 119 shall be installed only if the manu-
facturer has certified to the Commission that the device com-
plies with all of the applicable requirements of Section 119.

Lighting control devices may be individual devices or sys-
tems consisting of two or more components. For control sys-
tems consisting of two or more components, such as an Energy
Management Control System (EMCS), the manufacturer of the
control system shall certify each of the components required
for the system to comply with Section 119.

TABLE 118-A
SLAB INSULATION REQUIREMENTS FOR HEATED SLAB-ON-GRADE
INSULATION INSULATION
LOCATION ORIENTATION INSTALLATION REQUIREMENTS CLIMATE ZONE INSULATION R-FACTOR
Outside edge of | Vertical From the level of the top of the slab, down 16 inches or to 1-15 5
heated slab, the frost line, whichever is greater. Insulation may stop at 16 10
either inside or the top of the footing where this is less than the required
outside the depth. For below grade slabs, vertical insulation shall be
foundation wall extended from the top of the foundation wall to the bottom
of the foundation (or the top of the footing) or to the frost
line, whichever is greater.
Between heated | Vertical and Vertical insulation from top of slab at inside edge of 1-15 5
slab and outside | Horizontal outside wall down to the top of the horizontal insulation. .
. . . . . . 16 10 vertical and 7
foundation wall Horizontal insulation from the outside edge of the vertical horizontal
insulation extending 4 feet toward the center of the slab in
a direction normal to the outside of the building in plan
view.
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TABLE 118-B
MINIMUM PERFORMANCE REQUIREMENTS FOR LIQUID APPLIED ROOF COATINGS
ASTM TEST

PHYSICAL PROPERTY PROCEDURE REQUIREMENT
Initial percent elongation (break) D 2370 Minimum 200% 73°F (23°C)
Initial percent elongation (break) or D 2370 Minimum 60% 0°F (—18°C)
Initial flexibility D 522, Test B Minimum pass 1" mandrel 0°F (-18°C)
Initial tensile strength (maximum stress) D 2370 Minimum 100 psi (1.38 Mpa) 73°F (23°C)
Initial tensile strength (maximum stress) or D 2370 Minimum 200 psi (2.76 Mpa) 0°F (—18°C)
Initial flexibility D 522, Test B Minimum pass 1” mandrel 0°F (-18°C)
Final percent elongation (break) after accelerated weathering 1000 h D 2370 Minimum 100% 73°F (23°C)
Final percent elongation (break) after accelerated weathering 100 h or D 2370 Minimum 40% 0°F (-18°C)
Flexibility after accelerated weathering 100 h D 522, Test B Minimum pass 1” mandrel 0°F (—18°C)
Permeance D 1653 Maximum 50 perms
Accelerated weathering 1000 h D 4798 No cracking or checking'

'Any cracking or checking visible to the eye fails the test procedure.

(a) All devices: instructions for installation and calibra-
tion. The manufacturer shall provide step-by-step instructions
for installation and start-up calibration of the device.

(b) Indicator lights. Indicator lights integral to lighting
control devices shall consume no more than one watt of power
per indicator light.

>

(c) Automatic time switch control devices. Automatic
time switch control devices shall:

1. Be capable of programming different schedules for
weekdays and weekends; and

2. Have program backup capabilities that prevent the loss
of the device’s schedules for at least 7 days, and the
device’s time and date setting for at least 72 hours, if
power is interrupted.

(d) Occupant sensors, motion sensors and vacancy sen-
sors. Occupant sensors, motion sensors and vacancy sensors
shall be capable of automatically turning off all the lights in an
area no more than 30 minutes after the area has been vacated,
and shall have a visible status signal that indicates that the
device is operating properly or that is has failed or malfunc-
tioned. The visible status signal may have an override switch
that turns the signal off. In addition, ultrasonic and microwave
devices shall have a built-in mechanism that allows calibration
of the sensitivity of the device to room movement in order to
reduce the false sensing of occupants, and shall comply with
either Item 1 or 2 below, as applicable:

1. If the device emits ultrasonic radiation as a signal for
sensing occupants within an area, the device shall:

A. Have had a Radiation Safety Abbreviated Report
submitted to the Center for Devices and Radiologi-
cal Health, Federal Food and Drug Administration,
under 21 Code of Federal Regulations, Section
1002.12 (1996), and a copy of the report shall have
been submitted to the California Energy Commis-
sion; and

B. Emit no audible sound; and
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C. Not emit ultrasound in excess of the decibel (dB)
values shown in Table 119-A, measured no more
than 5 feet from the source, on axis.

TABLE 119-A
ULTRASOUND MAXIMUM DECIBEL VALUES
MIDFREQUENCY OF SOUND MAXIMUM dB LEVEL WITHIN
PRESSURE THIRD-OCTAVE BAND THIRD-OCTAVE BAND
(in kHz) (in dB reference 20 micropascals)
Less than 20 80
20 or more to less than 25 105
25 or more to less than 31.5 110
31.5 or more 115

2. If the device emits microwave radiation as a signal for
sensing occupants within the area, the device shall:

A. Comply with all applicable provisions in 47 Code of
Federal Regulations, Parts 2 and 15 (1996), and have
an approved Federal Communications Commission
Identifier that appears on all units of the device and
that has been submitted to the California Energy
Commission; and

B. Not emitradiation in excess of 1 milliwatt per square
centimeter measured at no more than 5 centimeters
from the emission surface of the device; and

C. Have permanently affixed to it installation instruc-
tions recommending that it be installed at least
12 inches from any area normally used by room
occupants.

(e) Multilevel Occupant Sensor. Multilevel occupant sen-
sors shall have an automatic OFF function that turns off all the
lights, and either an automatic or a manually controlled ON
function capable of meeting all the multilevel and uniformity
requirements of Section 131(b) for the controlled lighting. The
first stage shall be capable of activating between 30 — 70 per-
cent of the lighting power in a room either through an auto-
matic or manual action, and may be a switching or dimming
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system. After that event occurs the device shall be capable of
all of the following actions when manually called to do so by
the occupant:

1. Activating the alternate set of lights.
2. Activating 100 percent of the lighting power.
3. Deactivating all lights.

(f) Automatic daylighting control devices. Automatic
day-lighting control devices used to control lights in daylit
zones shall:

1. Be capable of reducing the power consumption of the
general lighting in the controlled area by at least two
thirds in response to the availability of daylight; and

2. If the device is a dimmer, controlling incandescent or
fluorescent lamps, provide electrical outputs to lamps
for reduced flicker operation through the dimming
range, so that the light output has an amplitude modula-
tion of less than 30 percent for frequencies less than 200
Hz, and without causing premature lamp failure; and

3. Ifthe devices reduce lighting in control steps, incorpo-
rate time-delay circuits to prevent cycling of light level
changes of less than three minutes and have (a manual
or automatic means of adjusting the deadband to pro-
vide separation) of on and off points for each control
step; and

4. If the device is placed in calibration mode, automati-
cally restore its time delay settings to normal operation
programmed time delays after no more than 60 minutes;
and

5. Have a setpoint control that easily distinguishes set-
tings to within 10 percent of full scale adjustment; and

6. Havealightsensor that has a linear response with 5 per-
cent accuracy over the range of illuminances measured
by the light sensor; and

7. Have a light sensor that is physically separated from
where calibration adjustments are made, or is capable
ofbeing calibrated in a manner that the person initiating
calibration is remote from the sensor during calibration
to avoid influencing calibration accuracy.

(g) Interior photosensors. Interior photosensors shall not
have a mechanical slide cover or other device that permits easy
unauthorized disabling of the control, and shall not be incorpo-
rated into wall-mounted occupant-sensors.

(h) Multilevel astronomical time-switch controls. Multi-
level astronomical time-switch controls used to control light-
ing in daylit zones shall:

1. Contain at least two separately programmable steps per
zone that reduce illuminance in a relatively uniform
manner as specified in Section 131(b); and

2. Have a separate offset control for each step of 1 to 240
minutes; and

3. Have sunrise and sunset prediction accuracy within +/—
15 minutes and timekeeping accuracy within 5 minutes
per year; and

4. Store astronomical time parameters (used to develop
longitude, latitude, time zone) for at least 7 days if
power is interrupted; and
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5. Display date/time, sunrise and sunset, and switching
times for each step; and

6. Have an automatic daylight savings time adjustment;
and

7. Have automatic time switch capabilities specified in
Section 119(c).

(i) Outdoor astronomical time-switch controls. Outdoor
astronomical time-switch controls used to control outdoor
lighting as specified in Section 132(c) shall:

1. Contain at least two separately programmable steps per
function area; and

2. Have the ability to independently offset the on and off
times for each channel by 0 to 99 minutes before or after
sunrise or sunset; and

3. Have sunrise and sunset prediction accuracy within +/—
15 minutes and timekeeping accuracy within 5 minutes
per year; and

4. Store astronomical time parameters (used to develop
longitude, latitude, time zone) for at least 7 days if
power is interrupted; and

5. Display date/time, sunrise and sunset; and

6. Have an automatic daylight savings time adjustment;
and

7. Have automatic time switch capabilities specified in
Section 119(c).

(j) Manual-on occupant sensor (residential vacancy sen-
sor). Aresidential manual-on occupant sensor (also known as a
vacancy sensor) used to comply with Section150(k) shall be a
device or system which meets all of the following require-
ments:

1. Turns off the lighting automatically within 30 minutes
or less after the room has been vacated in response to
the absence of occupants in the room; and

2. Has a visible status signal in accordance with Section
119(d); and

3. Shall not turn on the lighting automatically, except the
sensor shall have a grace period of 15 seconds to 30 sec-
onds to turn on the lighting automatically after the sen-
sor has timed out; and

4. Shall not have an override switch that disables the occu-
pant sensor; and

5. Shall not have an override switch that converts the sen-
sor from a manual-on to an automatic-on system.

(k) Dimmers. Dimmers used to control lighting shall:

1. Be capable of reducing power consumption by a mini-
mum of 65 percent when the dimmer is at its lowest
light level; and

2. If the device is a dimmer controlling incandescent or
fluorescent lamps, provide electrical outputs to lamps
for reduced flicker operation through the dimming
range, so that the light output has an amplitude modula-
tion of less than 30 percent for frequencies less than 200
Hz, and without causing premature lamp failure; and

3. Belisted by arating lab recognized by the International
Code Council (ICC) as being in compliance with
Underwriters Laboratories Standards; and
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4. Ifthe device is a wall box dimmer designed to be used in
a three or more-way circuit with nondimmable
switches, the level set by the dimmer shall not be over-
ridden by any of the switches in the circuit. The dimmer
and all of the switches in the circuit shall have the capa-
bility of turning lighting OFF if it is ON, and turning
lighting ON to the level set by the dimmer if the lighting
is OFF. Any wall box dimmer that is connected to a sys-
tem with an emergency override function shall be con-
trolled by the emergency override.

5. Ifthe device is a stepped dimmer, it shall include an off
position to turn lights completely off.

(1) Track lighting integral current limiter. Integral current
limiters shall meet the following requirements or a method
approved by the Executive Director:

1. Be designed so that the integral current limiter housing
is permanently attached to the track so that the track will
be irreparably damaged if the integral current limiter
housing were to be removed after installation into the
track; and

2. Have the volt-ampere (VA) rating of the current limiter
clearly marked on the circuit breaker visible for the
building officials’ field inspection without opening
coverplates, fixtures or panels, and also on a permanent
factory-installed label inside the wiring compartment;
and

3. Employ tamper resistant fasteners for the cover to the
wiring compartment; and

4. Have a conspicuous permanent factory installed label
affixed to the inside of the wiring compartment warning
against removing, tampering with, rewiring or bypass-
ing the device.

(m) High efficacy LED lighting systems. To qualify as high
efficacy for compliance with Section 150(k), a high efficacy
LED luminaire, or LED light engine with integral heat sink
shall meet the minimum efficacy requirements in Table 150-C,
and luminaire power shall be determined as specified by Sec-
tion 130(d)5.

(n) Ballasts for residential recessed luminaires. To qual-
ify as high efficacy for compliance with Section 150(k), any
ballast in a residential recessed luminaire shall meet all of the
following conditions:

1. Berated by the ballast manufacturer to have a minimum
rated life of 30,000 hours when operated at or below a
specified maximum case temperature. This maximum
ballast case temperature specified by the ballast manu-
facturer shall not be exceeded when tested in accor-
dance to UL 1598 Section 19.15; and

2. Have a ballast factor of not less than 0.90 for non-
dimming ballasts and a ballast factor of not less than
0.85 for dimming ballasts.

(o) Dimmable fluorescent ballasts for power adjustment
factor. To qualify for the Power Adjustment Factor in Section
146(a)2 and Table 146-C, ballasts for TS and T8 linear fluores-
cent lamps shall be electronic, dimmable, and shall meet the
minimum Relative System Efficiency (RSE) in Table 146-D.
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SUBCHAPTER 3

NONRESIDENTIAL, HIGH-RISE RESIDENTIAL AND HOTEL/MOTEL
OCCUPANCIES—MANDATORY REQUIREMENTS FOR
SPACE-CONDITIONING AND SERVICE WATER-HEATING SYSTEMS
AND EQUIPMENT

SECTION 120
SPACE-CONDITIONING AND SERVICE
WATER-HEATING SYSTEMS AND
EQUIPMENT—GENERAL

Sections 121 through 129 establish requirements for the design
and installation of space-conditioning and service water-heat-
ing systems and equipment in nonresidential, high-rise resi-
dential and hotel/motel buildings subject to Title 24, Part 6. All
such buildings shall comply with the applicable provisions of
Sections 121 through 129.

SECTION 121
REQUIREMENTS FOR VENTILATION

All nonresidential, high-rise residential and hotel/motel occu-
pancies shall comply with the requirements of Sections 121(a)
through 121(e).

(a) General requirements.

1. All enclosed spaces in a building that are normally used
by humans shall be ventilated in accordance with the
requirements of this section and the CBC.

2. The outdoor air-ventilation rate and air-distribution
assumptions made in the design of the ventilating sys-
tem shall be clearly identified on the plans required by
Section 10-103 of Title 24, Part 1.

(b) Design requirements for minimum quantities of out-
door air. Every space in a building shall be designed to have
outdoor air ventilation according to Item 1 or 2 below:

1. Natural ventilation.

A. Naturally ventilated spaces shall be permanently
open to and within 20 feet of operable wall or roof
openings to the outdoors, the openable area of which
is not less than 5 percent of the conditioned floor
area of the naturally ventilated space. Where open-
ings are covered with louvers or otherwise
obstructed, openable area shall be based on the free
unobstructed area through the opening.

Exception to Section 121(b)1A: Naturally venti-
lated spaces in high-rise residential dwelling units
and hotel/motel guest rooms shall be open to and
within 25 feet of operable wall or roof openings to
the outdoors.

B. The means to open required operable openings shall
be readily accessible to building occupants when-
ever the space is occupied.

2. Mechanical ventilation. Each space that is not natu-
rally ventilated under Item 1 above shall be ventilated

with a mechanical system capable of providing an out-
door air rate no less than the larger of:

A. The conditioned floor area of the space times the
applicable ventilation rate from Table 121-A; or

B. 15 cfm per person times the expected number of
occupants. For meeting the requirement in Section
121(b)2B for spaces without fixed seating, the
expected number of occupants shall be either the
expected number specified by the building designer
or one half of the maximum occupant load assumed
for egress purposes in the CBC, whichever is
greater. For spaces with fixed seating, the expected
number of occupants shall be determined in accor-
dance with the CBC.

Exception to Section 121(b)2: Transfer air. The
rate of outdoor air required by Section 121(b)2
may be provided with air transferred from other
ventilated spaces if:

A. None of the spaces from which air is trans-
ferred have any unusual sources of indoor air
contaminants; and

B. The outdoor air that is supplied to all spaces
combined is sufficient to meet the require-
ments of Section 121(b)2 for each space indi-
vidually.

(c) Operation and control requirements for minimum
quantities of outdoor air.

1. Times of occupancy. The minimum rate of outdoor air
required by Section 121(b)2 shall be supplied to each
space at all times when the space is usually occupied.

Exception 1 to Section 121(c)1: Demand control
ventilation. In intermittently occupied spaces that do
not have processes or operations that generate dusts,
fumes, mists, vapors or gasses and are not provided
with local exhaust ventilation (such as indoor opera-
tion of internal combustion engines or areas desig-
nated for unvented food service preparation), the rate
of outdoor air may be reduced if the ventilation sys-
tem serving the space is controlled by a demand
control ventilation device complying with Section
121(c)4.

Exception 2 to Section 121(c)1: Temporary reduc-
tion. The rate of outdoor air provided to a space may
be reduced below the level required by Section
121(b)2 for up to 5 minutes each hour if the average
rate for each hour is equal to or greater than the
required ventilation rate.
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Note: VAV must comply with Section 121(c)1 at min-
imum supply airflow.

2. Pre-occupancy. The lesser of the minimum rate of out-

door air required by Section 121(b)2 or three complete
air changes shall be supplied to the entire building dur-
ing the one-hour period immediately before the build-
ing is normally occupied.

. Required demand control ventilation. HVAC sys-

tems with the following characteristics shall have
demand ventilation controls complying with Section
121(c)4:

A. They have an air economizer; and

B. They serve a space with a design occupant density,
or a maximum occupant load factor for egress pur-
poses in the CBC, greater than or equal to 25 people
per 1000 ft* (40 square feet per person); and

C. They are either:
i. Single zone systems with any controls; or

ii. Multiple zone systems with Direct Digital Con-
trols (DDC) to the zone level.

Exception 1 to Section 121(c)3: Classrooms, call
centers, office spaces served by multiple zone sys-
tems that are continuously occupied during normal
business hours with occupant density greater than
25 people per 1000 ft* per Section 121(b)2B,
healthcare facilities and medical buildings, and
public areas of social services buildings are not
required to have demand control ventilation.

Exception 2 to Section 121(c)3: Where space
exhaust is greater than the design ventilation rate
specified in Section 121(b)2B minus 0.2 cfm per
ft* of conditioned area.

Exception 3 to Section 121(c)3: Spaces that have
processes or operations that generate dusts, fumes,
mists, vapors or gases and are not provided with
local exhaust ventilation, such as indoor operation
of internal combustion engines or areas designated
for unvented food service preparation, or beauty
salons shall not install demand control ventilation.

Exception 4 to Section 121(c)3: Spaces with an
area of less than 150 square feet, or a design occu-
pancy of less than 10 people per Section 121(b)2B.

4. Demand control ventilation devices.

A. For each system with demand control ventilation,
CO, sensors shall be installed in each room that
meets the criteria of Section 121(c)3B with no less
than one sensor per 10,000 ft* of floor space. When a
zone or a space is served by more than one sensor, a
signal from any sensor indicating that CO, is near or
at the setpoint within a space shall trigger an increase
in ventilation to the space;

B. CO, sensors shall be located in the room between 3 ft
and 6 ftabove the floor or at the anticipated height of
the occupants heads;
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C. Demand ventilation controls shall maintain CO,
concentrations less than or equal to 600 ppm plus the
outdoor air CO, concentration in all rooms with CO,
Sensors;

Exception to Section 121(c)4C: The outdoor air
ventilation rate is not required to be larger than the
design outdoor air ventilation rate required by Sec-
tion 121(b)2 regardless of CO, concentration.

D. Outdoor air CO, concentration shall be determined
by one of the following:

i. CO, concentration shall be assumed to be 400
ppm without any direct measurement; or

ii. CO, concentration shall be dynamically mea-
sured using a CO, sensor located within 4 ft of
the outdoor air intake.

E. When the system is operating during hours of
expected occupancy, the controls shall maintain sys-
tem outdoor air ventilation rates no less than the rate
listed in Table 121-A times the conditioned floor
area for spaces with CO, sensors, plus the rate
required by Section 121(b)2 for other spaces served
by the system, or the exhaust air rate, whichever is
greater.

F. CO;sensors shall be certified by the manufacturer to
be accurate within plus or minus 75 ppm at a 600 and
1000 ppm concentration when measured at sea level
and 25°C, factory calibrated or calibrated at start-up,
and certified by the manufacturer to require calibra-
tion no more frequently than once every 5 years.
Upon detection of sensor failure, the system shall
provide a signal which resets to supply the minimum
quantity of outside air to levels required by Section
121(b)(2) to the zone serviced by the sensor at all
times that the zone is occupied.

G. The CO, sensor(s) reading for each zone shall be dis-
played continuously, and shall be recorded on sys-
tems with DDC to the zone level.

(d) Ducting for zonal heating and cooling units. Where a
return plenum is used to distribute outdoor air to a zonal heat-
ing or cooling unit, which then supplies the air to a space in
order to meet the requirements of Section 121(b)2, the outdoor
air shall be ducted to discharge either:

1. Within 5 feet of the unit; or
2. Within 15 feet of the unit, substantially toward the unit,

and at a velocity not less than 500 feet per minute.

(e) Design and control requirements for quantities of
outdoor air. All mechanical ventilation and space-condition-
ing systems shall be designed with and have installed
ductwork, dampers and controls to allow outside air rates to be
operated at the larger of (1) the minimum levels specified in
Section 121(b)1; or (2) the rate required for make-up of | |
exhaust systems that are required for a process, for control of
odors, or for the removal of contaminants within the space.
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TABLE 121-A
MINIMUM VENTILATION RATES

CFM PER SQUARE FOOT OF

TYPE OF USE CONDITIONED FLOOR AREA
Auto repair workshops 1.50
Barber shops 0.40
Bars, cocktail lounges and casinos 0.2
Beauty shops 0.40
Coin-operated dry cleaning 0.30
Commercial dry cleaning 0.45

High-rise residential Ventilation rates specified

by the CBC
Hotel guest rooms (less than 500 ft*) 30 cfim/guest room
Hotel guest rooms (500 ft* or greater) 0.15
Retail stores 0.20
All others 0.15

SECTION 122
REQUIRED CONTROLS FOR
SPACE-CONDITIONING SYSTEMS

Space-conditioning systems shall be installed with controls
that comply with the applicable requirements of Subsections
(a) through (h).

(a) Thermostatic controls for each zone. The supply of
heating and cooling energy to each space-conditioning zone or
dwelling unit shall be controlled by an individual thermostatic
control that responds to temperature within the zone and that
meets the applicable requirements of Section 122(b).

Exception to Section 122(a): An independent perimeter
heating or cooling system may serve more than one zone
without individual thermostatic controls if:

A. Allzones are also served by an interior cooling system;

B. The perimeter system is designed solely to offset enve-
lope heat losses or gains;

C. The perimeter system has at least one thermostatic con-
trol for each building orientation of 50 feet or more; and

D. The perimeter system is controlled by at least one ther-
mostat located in one of the zones served by the system.

(b) Criteria for zonal thermostatic controls. The individ-

| ual thermostatic controls required by Section 122(a) shall meet

>

>

the following requirements as applicable:

1. Where used to control comfort heating, the thermostatic
controls shall be capable of being set, locally or
remotely, down to 55°F or lower.

2. Where used to control comfort cooling, the thermo-
static controls shall be capable of being set, locally or
remotely, up to 85°F or higher.

3. Where used to control both comfort heating and com-
fort cooling, the thermostatic controls shall meet Items
1 and 2 and shall be capable of providing a temperature
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range or dead band of at least 5°F within which the sup-
ply of heating and cooling energy to the zone is shut off
or reduced to a minimum.

Exception to Section 122(b)3: Systems with thermo-
stats that require manual changeover between heating
and cooling modes.

4. Thermostatic controls for all unitary single zone, air
conditioners, heat pumps and furnaces, shall comply
with the setback thermostat requirements of Section
112(c) or, if equipped with DDC to the Zone level, with
the Automatic Demand Shed Controls of Section
122(h).

Exception to Section 122(b): Systems serving zones
that must have constant temperatures to prevent deg-
radation of materials, a process, plants or animals.

(c) Hotel/motel guest room and high-rise residential
dwelling unit thermostats. Hotel/motel guest room thermo-
stats shall have:

1. Numeric temperature setpoints in °F; and

2. Setpoint stops accessible only to authorized personnel,
to restrict overheating and overcooling.

High-rise residential dwelling unit thermostats shall meet
the control requirements of Section 150(i).

(d) Heat pump controls. All heat pumps with supplemen-
tary electric resistance heaters shall be installed with controls
that comply with Section 112(b).

(e) Shut-off and reset controls for space-conditioning
systems. Each space-conditioning system shall be installed
with controls that comply with Items 1 and 2 below:

1. The control shall be capable of automatically shutting
off the system during periods of nonuse and shall have:

A. An automatic time switch control device complying
with Section 119(c), with an accessible manual over-
ride that allows operation of the system for up to 4
hours; or

B. An occupancy sensor; or
C. A 4-hour timer that can be manually operated.

Exception to Section 122(e)1: Mechanical sys-
tems serving retail stores and associated malls, res-
taurants, grocery stores, churches and theaters
equipped with 7-day programmable timers.

2. The control shall automatically restart and temporarily
operate the system as required to maintain:

A. A setback heating thermostat setpoint if the system
provides mechanical heating; and

Exception to Section 122(e)2A: Thermostat set-
back controls are not required in nonresidential
buildings in areas where the Winter Median of
Extremes outdoor air temperature determined in
accordance with Section 144(b)4 is greater than
32°F.

B. A setup cooling thermostat setpoint if the system
provides mechanical cooling.
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Exception to Section 122(e)2B: Thermostat setup
controls are not required in nonresidential build-
ings in areas where the Summer Design Dry Bulb
0.5 percent temperature determined in accordance
with Section 144(b)4 is less than 100°F.

Exception 1 to Section 122(e): Where it can be
demonstrated to the satisfaction of the enforcing
agency that the system serves an area that must
operate continuously.

Exception 2 to Section 122(e): Where it can be
demonstrated to the satisfaction of the enforcing
agency that shutdown, setback and setup will not
result in a decrease in overall building source
energy use.

Exception 3 to Section 122(e): Systems with full
load demands of 2 kW or less, if they have a readily
accessible manual shut-off switch.

Exception 4 to Section 122(e): Systems serving
hotel/motel guest rooms, if they have a readily
accessible manual shut-off switch.

(f) Dampers for air supply and exhaust equipment. Out-
door air supply and exhaust equipment shall be installed with
dampers that automatically close upon fan shutdown.

Exception 1 to Section 122(f): Where it can be demon-
strated to the satisfaction of the enforcing agency that the
equipment serves an area that must operate continuously.

Exception 2 to Section 122(f): Gravity and other non-
electrical equipment that has readily accessible manual
damper controls.

Exception 3 to Section 122(f): At combustion air intakes
and shaft vents.

Exception 4 to Section 122(f): Where prohibited by other
provisions of law.

(g) Isolation area devices. Each space-conditioning system
serving multiple zones with a combined conditioned floor area
of more than 25,000 square feet shall be designed, installed and
controlled to serve isolation areas.

1. Each zone, or any combination of zones not exceeding
25,000 square feet, shall be a separate isolation area.

2. Each isolation area shall be provided with isolation
devices, such as valves or dampers, that allow the sup-
ply of heating or cooling to be reduced or shut off inde-
pendently of other isolation areas.

3. Eachisolation area shall be controlled by a device meet-
ing the requirements of Section 122(e)1.

Exception to Section 122(g): A zone need not be iso-
lated if it can be demonstrated to the satisfaction of the
enforcement agency that the zone must be heated or
cooled continuously.

(h) Automatic demand shed controls. HVAC systems with
DDC to the Zone level shall be programmed to allow central-
ized demand shed for noncritical zones as follows:

1. The controls shall have a capability to remotely set up
the operating cooling temperature set points by four
degrees or more in all non-critical zones on signal from
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acentralized contact or software point within an Energy
Management Control System (EMCS).

2. The controls shall remotely set down the operating
heating temperature set points by four degrees or more
in all non-critical zones on signal from a centralized
contact or software point within an EMCS.

3. The controls shall have capabilities to remotely reset
the temperatures in all non-critical zones to original
operating levels on signal from a centralized contact or
software point within an EMCS.

4. The controls shall be programmed to provide an adjust-
able rate of change for the temperature setup and reset.

SECTION 123
REQUIREMENTS FOR PIPE INSULATION

The piping for all space-conditioning and service water-heat-
ing systems with fluid temperatures listed in Table 123-A shall
have the amount of insulation specified in Subsection (a) or (b).
Insulation conductivity shall be determined in accordance with
ASTM C 335 at the mean temperature listed in Table 123-A,
and shall be rounded to the nearest '/ 100 Btu-inch per hour per
square foot per °F.

Insulation shall be protected from damage, including that
due to sunlight, moisture, equipment maintenance and wind,
including but not limited to, the following:

Insulation exposed to weather shall be suitable for outdoor
service, e.g., protected by aluminum, sheet metal, painted can-
vas or plastic cover. Cellular foam insulation shall be protected
as above or painted with a coating that is water retardant and
provides shielding from solar radiation that can cause degrada-
tion of the material.

Insulation covering chilled water piping and refrigerant suc-
tion piping located outside the conditioned space shall include
a vapor retardant located outside the insulation (unless the
insulation is inherently vapor retardant), all penetrations and
joints of which shall be sealed.

Exception 1 to Section 123: Factory-installed piping with-
in space-conditioning equipment certified under Section
111 or 112.

Exception 2 to Section 123: Piping that conveys fluids with
a design operating temperature range between 60°F and
105°F.

Exception 3 to Section 123: Piping that serves process
loads, gas piping, cold domestic water piping, condensate
drains, roof drains, vents or waste piping.

Exception 4 to Section 123: Where the heat gain or heat
loss to or from piping without insulation will not increase
building source energy use.

Exception 5 to Section 123: Piping that penetrates framing
members shall not be required to have pipe insulation for the
distance of the framing penetration. Metal piping that pene-
trates metal framing shall use grommets, plugs, wrapping or
other insulating material to assure that no contact is made
with the metal framing.
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(a) For insulation with a conductivity in the range shown in
Table 123-A for the applicable fluid temperature range, the
insulation shall have the applicable thickness shown in Table
123-A.

(b) For insulation with a conductivity outside the range
shown in Table 123-A for the applicable fluid temperature
range, the insulation shall have a minimum thickness as calcu-
lated with Equation 123-A:

EQUATION 123-A INSULATION THICKNESS EQUATION

T= PR{(I + #)7 - 1}

where:

T = minimuminsulation thickness for material with con-
ductivity K, inches.

PR = pipe actual outside radius, inches.

t = insulation thickness from Table 123-A, inches.

K = conductivity of alternate material at the mean rating
temperature indicated in Table 123-A for the applica-
ble fluid temperature range, in Btu-inch per hour per
square foot per °F.

k = The lower value of the conductivity range listed in

Table 123-A for the applicable fluid temperature
range, Btu-inch per hour per square foot per °F.

SECTION 124
REQUIREMENTS FOR AIR DISTRIBUTION
SYSTEM DUCTS AND PLENUMS

(a) CMC compliance. All air distribution system ducts and
plenums, including but not limited to building cavities,
mechanical closets, air-handler boxes and support platforms
used as ducts or plenums, shall be installed, sealed and insu-
lated to meet the requirements of the 2007 CMC Sections 601,
602, 603, 604, 605 and Standard 6-5, incorporated herein by
reference. Connections of metal ducts and the inner core of
flexible ducts shall be mechanically fastened. Openings shall
be sealed with mastic, tape, acrosol sealant or other duct-clo-
sure system that meets the applicable requirements of UL 181,
UL 181A, or UL 181B. If mastic or tape is used to seal openings
greater than '/, inch, the combination of mastic and either mesh
or tape shall be used.

Portions of supply-air and return-air ducts conveying heated
or cooled air located in one or more of the following spaces
shall be insulated to a minimum installed level of R-8:

1. Outdoors, or

2. Inaspace between the roof and an insulated ceiling, or

3. Inaspace directly under a roof with fixed vents or open-
ings to the outside or unconditioned spaces, or

4. In an unconditioned crawlspace, or
5. In other unconditioned spaces.

Portions of supply-air ducts that are not in one of these
spaces, including ducts buried in concrete slab, shall be insu-
lated to a minimum installed level of R-4.2 (or any higher level
required by CMC Section 605) or be enclosed in directly condi-
tioned space.

TABLE 123-A
PIPE INSULATION THICKNESS
NOMINAL PIPE DIAMETER (in inches)

Runouts | 1 and 8 and
CONDUCTIVITY RANGE INSULATION MEAN up to 2 less 1.25-2 2.50-4 5-6 larger

FLUID TEMPERATURE RANGE, (in Btu-inch per hour per RATING

(°F) square foot per °F) TEMPERATURE (°F) INSULATION THICKNESS REQUIRED (in inches)
Space heating systems (steam, steam condensate and hot water)

Above 350 0.32-0.34 250 1.5 2.5 2.5 3.0 3.5 35
251-350 0.29-0.31 200 1.5 2.0 2.5 2.5 3.5 3.5
201-250 0.27-0.30 150 1.0 1.5 1.5 2.0 2.0 35
141-200 0.25-0.29 125 0.5 1.5 1.5 1.5 1.5 1.5
105-140 0.24-0.28 100 0.5 1.0 1.0 1.0 1.5 1.5

Service water-heating systems (recirculating sections, all piping in electric trace tape systems,
and the first 8 feet of piping from the storage tank for nonrecirculating systems)
Above 105 0.24-0.28 100 ‘ 0.5 ‘ 1.0 ‘ 1.0 ‘ 1.5 ‘ 1.5 ‘ 1.5
Space cooling systems (chilled water, refrigerant and brine)
40-60 0.23-0.27 75 0.5 0.5 0.5 1.0 1.0 1.0
Below 40 0.23-0.27 75 1.0 1.0 1.5 1.5 1.5 1.5
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(b) Duct and plenum materials.
1. Factory-fabricated duct systems.

A. All factory-fabricated duct systems shall comply
with UL 181 for ducts and closure systems, includ-
ing collars, connections and splices, and be labeled
as complying with UL 181. UL 181 testing may be
performed by UL laboratories or a laboratory
approved by the Executive Director.

B. All pressure-sensitive tapes, heat-activated tapes,
and mastics used in the manufacture of rigid fiber-
glass ducts shall comply with UL 181 and UL 181A.

C. All pressure-sensitive tapes and mastics used with
flexible ducts shall comply with UL 181 and UL
181B.

D. Joints and seams of duct systems and their compo-
nents shall not be sealed with cloth-back rubber
adhesive duct tapes unless such tape is used in com-
bination with mastic and drawbands.

2. Field-fabricated duct systems.

A. Factory-made rigid fiberglass and flexible ducts for
field-fabricated duct systems shall comply with UL
181. All pressure-sensitive tapes, mastics, aerosol
sealants or other closure systems used for installing
field-fabricated duct systems shall meet the applica-
ble requirements of UL 181, UL 181Aand UL 181B.

B. Mastic sealants and mesh.

i. Sealants shall comply with the applicable
requirements of UL 181, UL 181A and UL
181B, and be nontoxic and water resistant.

ii. Sealants for interior applications shall pass
ASTM tests C 731 (extrudability after aging)
and D 2202 (slump test on vertical surfaces),
incorporated herein by reference.

iii. Sealants for exterior applications shall pass
ASTM tests C 731, C 732 (artificial weathering
test), and D 2202, incorporated herein by
reference.

iv. Sealants and meshes shall be rated for exterior
use.

C. Pressure-sensitive tape. Pressure-sensitive tapes
shall comply with the applicable requirements of UL
181, UL 181A and UL 181B.

D. Joints and seams of duct systems and their compo-
nents shall not be sealed with cloth-back rubber
adhesive duct tapes unless such tape is used in com-
bination with mastic and drawbands.

E. Drawbands used with flexible duct.

i. Drawbands shall be either stainless-steel
worm-drive hose clamps or UV-resistant nylon
duct ties.

ii. Drawbands shall have a minimum tensile
strength rating of 150 pounds.
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iii. Drawbands shall be tightened as recommended
by the manufacturer with an adjustable
tensioning tool.

F. Aerosol-sealant closures.

i. Aerosol sealants shall meet the requirements of
UL 723 and be applied according to manufac-
turer specifications.

ii. Tapes or mastics used in combination with aero-
sol sealing shall meet the requirements of this
section.

(c) All duct insulation product R-values shall be based on
insulation only (excluding air films, vapor barriers or other
duct components) and tested C-values at 75°F mean tempera-
ture at the installed thickness, in accordance with ASTM C 518
or ASTM C 177, incorporated herein by reference, and certi-
fied pursuant to Section 118.

(d) The installed thickness of duct insulation used to deter-
mine its R-value shall be determined as follows:

1. For duct board, duct liner and factory-made rigid ducts
not normally subjected to compression, the nominal
insulation thickness shall be used.

2. For duct wrap, installed thickness shall be assumed to
be 75 percent (25 percent compression) of nominal
thickness.

3. For factory-made flexible air ducts, the installed thick-
ness shall be determined by dividing the difference
between the actual outside diameter and nominal inside
diameter by two.

(e) Insulated flexible duct products installed to meet this
requirement must include labels, in maximum intervals of 3
feet, showing the thermal performance R-value for the duct
insulation itself (excluding air films, vapor barriers or other
duct components), based on the tests in Section 124(c) and the
installed thickness determined by Section 124(d)3.

(f) Protection of insulation. Insulation shall be protected
from damage, including that due to sunlight, moisture, equip-
ment maintenance and wind, but not limited to the following:

Insulation exposed to weather shall be suitable for outdoor
service, e.g., protected by aluminum, sheet metal, painted can-
vas or plastic cover. Cellular foam insulation shall be protected
as above or painted with a coating that is water retardant and
provides shielding from solar radiation that can cause degrada-
tion of the material.

SECTION 125
REQUIRED NONRESIDENTIAL MECHANICAL
SYSTEM ACCEPTANCE

(a) Before an occupancy permit is granted, the following
equipment and systems shall be certified as meeting the Accep-
tance Requirements for Code Compliance, as specified by the
Reference Nonresidential Appendix NA7. A Certificate of
Acceptance shall be submitted to the enforcement agency that
certifies that the equipment and systems meet the acceptance
requirements:
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1. Outdoor air ventilation systems shall be tested in accor-
dance with NA7.5.1
2. Constant volume, single zone unitary air conditioning
and heat pump unit controls shall be tested in accor-
dance with NA7.5.2.
3. Duct systems shall be tested in accordance with
NA7.5.3 where either:
A. They are new duct systems that meet the criteria of
Sections 144(k)1, 144(k)2 and 144(k)3, or
B. They are part of a system that meets the criteria of
Section 149(b)1D.

4. Air economizers shall be tested in accordance with
NA7.5.4.
Exception to Section 125(a)4: Air economizers
installed by the HVAC system manufacturer and cer-
tified to the Commission as being factory calibrated
and tested are not required to be field tested per
NA7.5.4.2.

5. Demand control ventilation systems required by Sec-
tion 121(c)3 shall be tested in accordance with
NA7.5.5.

6. Supply fan variable flow controls shall be tested in
accordance with NA7.5.6.

7. Hydronic system variable flow controls shall be tested
in accordance with NA7.5.7 and NA7.5.9.

8. Boiler or chillers that require isolation controls per Sec-
tion 144(j)2 or 144(j)3 shall be tested in accordance
with NA7.5.7.

9. Hydronic systems with supply water temperature reset
controls shall be tested in accordance with NA7.5.8.

10. Automatic demand shed controls shall be tested in
accordance with NA7.5.10.

11. Fault Detection and Diagnostics (FDD) for Packaged
Direct-Expansion Units shall be tested in accordance
with NA7.5.11.

12. Automatic fault detection and diagnostics (FDD) for air
handling units and zone terminal units shall be tested in
accordance with NA7.5.12.

13. Distributed Energy Storage DX AC Systems shall be
tested in accordance with NA7.5.13.

14. Thermal Energy Storage (TES) Systems shall be tested
in accordance with NA7.5.14.

SECTION 126
MANDATORY REQUIREMENTS FOR
REFRIGERATED WAREHOUSES

A refrigerated warehouse with total cold storage and frozen
storage area of 3,000 ft* or larger shall meet the requirements of
this section.

Exception 1 to Section 126: A refrigerated space less than
3,000 ft* shall meet the Appliance Efficiency Regulations
for walk-in refrigerators or freezers.

Exception 2 to Section 126: Areas within refrigerated
warehouses that are designed solely for the purpose of quick
chilling or freezing of products with design cooling capaci-
ties of greater than 240 Btu/hr-ft* (2 tons per 100 ft%).

(a) Insulation requirements. Exterior surfaces of refriger-
ated warchouses shall be insulated at least to the R-values in
Table 126-A.

TABLE 126-A REFRIGERATED WAREHOUSE INSULATION

MNIMUM R-VALUE
SPACE SURFACE (°F-hr-sf/Btu)

Roof/Ceiling R-36

Frozen storage Wall R-36
Floor R-36

Roof/Ceiling R-28

Cold storage

Wall R-28

(b) Underslab heating. Electric resistance heat shall not be
used for the purposes of underslab heating.

Exception to Section 126(b): Underslab heating systems
controlled such that the electric resistance heat is thermo-
statically controlled and disabled during the summer
on-peak period defined by the local electric utility.

(c) Evaporators. Fan-powered evaporators used in coolers
and freezers shall conform to the following:

1.

2.

Single phase fan motors less than 1 hp and less than 460
volts shall be electronically commutated motors.

Evaporator fans shall be variable speed, and the speed
shall be controlled in response to space conditions.

Exception to Section 126(c)2: Evaporators served
by a single compressor without unloading capability.

(d) Condensers. Fan-powered condensers shall conform to
the following:

1.

2.

Condensers for systems utilizing ammonia shall be
evaporatively cooled.

Condensing temperatures for evaporative condensers
under design conditions, including but not limited to
condensers served by cooling towers, shall be less than
or equal to:

A. The design wetbulb temperature plus 20°F in loca-
tions where the design wetbulb temperature is less
than or equal to 76°F,

B. The design wetbulb temperature plus 19°F in loca-
tions where the design wetbulb temperature is
between 76°F and 78°F, or

C. The design wetbulb temperature plus 18°F in loca-
tions were the design wetbulb temperature is greater
than or equal to 78°F.

. Condensing temperatures for air-cooled condensers

under design conditions shall be less than or equal to the
design drybulb temperature plus 10°F for systems serv-
ing frozen storage and shall be less than or equal to the
design drybulb temperature plus 15°F for systems serv-
ing cold storage.
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Exception to Section 126(d)3. Unitary condensing
units.

4. All condenser fans for evaporative condensers shall be

continuously variable speed, and the condensing tem-
perature control system shall control the speed of all
condenser fans serving a common condenser loop in
unison. The minimum condensing temperature setpoint
shall be less than or equal to 70°F.

. All condenser fans for air-cooled condensers shall be

continuously variable speed, and the condensing tem-
perature or pressure control system shall control the
speed of all condenser fans serving a common con-
denser loop in unison. The minimum condensing tem-
perature setpoint shall be less than or equal to 70°F, or
reset in response to ambient drybulb temperature or
refrigeration system load.

. All single phase condenser fan motors less than 1 hp

and less than 460 volts shall be either permanent split
capacitor or electronically commutated motors.

(e) Compressors. Compressor systems utilized in refriger-

ated warehouses shall conform to the following:
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1. Compressors shall be designed to operate at a minimum

condensing temperature of 70°F or less.

2. The compressor speed of a screw compressor greater

than 50 hp shall be controllable in response to the
refrigeration load, or the input power to the compressor
shall be controlled to be less than or equal to 60 percent
of full load input power when operated at 50 percent of
full refrigeration capacity.
Exception to Section 126(e)2: Refrigeration plants
with more than one dedicated compressor per suction
group.

SECTION 127 — Reserved.

SECTION 128 — Reserved.

SECTION 129 — Reserved.
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SUBCHAPTER 4

NONRESIDENTIAL, HIGH-RISE RESIDENTIAL AND HOTEL/MOTEL
OCCUPANCIES—MANDATORY REQUIREMENTS FOR LIGHTING
SYSTEMS AND EQUIPMENT

SECTION 130
LIGHTING CONTROLS AND
EQUIPMENT—GENERAL

(a) Except as provided in Subsection (b) and (c), the design
and installation of all lighting systems and equipment in non-
residential, high-rise residential, hotel/motel buildings and
outdoor lighting subject to Title 24, Part 6, shall comply with
the applicable provisions of Sections 131 through 139. All
lighting controls and equipment shall be installed in accor-
dance with the manufacturer’s instructions.

(b) Indoor lighting in high-rise residential dwelling units
and hotel/motel guest rooms. The design and installation of
all lighting systems, lighting controls and equipment in
high-rise residential dwelling units and in hotel/motel guest
rooms shall comply with the applicable provisions of Section
150(k).

(c) Outdoor lighting for high-rise residential dwelling
units and hotel/motel guest rooms. Outdoor lighting that is
permanently attached to the building, and is separately con-
trolled from the inside of a high-rise residential dwelling unit or
guest room, shall comply with Section 150(k)13.

(d) Luminaire power. Luminaire wattage shall be deter-
mined as follows, or by a method approved by the Executive
Director:

1. The wattage of luminaires with_line voltage lamp hold-
ers, other than GU-24 as determined according to Sec-
tion 130(e), and not containing permanently installed
ballasts or transformers, shall be determined as follows:

A. For other than recessed luminaries, the maximum
relamping rated wattage of the luminaire, as listed on
a permanent, preprinted, factory-installed label, as
specified by UL 1598.

B. For recessed luminaires, the larger of the maximum
relamping rated wattage of the luminaire, as listed on
a permanent, preprinted, factory-installed label, as
specified by UL 1598, or the following:

i. 50 watts per socket for luminaires with housings
or trims with an aperture diameter less than 5
inches regardless of mounting height; or

ii. 50 watts per socket for luminaires with housings
or trims with an aperture diameter of greater
than or equal to 5 inches and a mounting height
of 11 feet or less, or

iii. 60 watts per socket for luminaires with housings
or trims with an aperture diameter of greater
than or equal to 5 inches and a mounting height
of greater than 11 feet but less than 15 feet; or
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iv. 75 watts per socket for luminaires with housings
or trims with an aperture diameter of greater
than or equal to 5 inches and a mounting height
of 15 feet or more.

C. For luminaires designed to accommodate a variety
of trims or modular components that allow the con-
version between screw-based and pin-based sockets
without changing the luminaire housing or wiring,
the highest wattage designated by the correlated
marking on a permanent, preprinted, factory-
installed label on the luminaire housing shall be
used.

D. For luminaires with line voltage lamp holders, the
factory-installed wattage label shall not consist of
peel-off or peel-down layers or other methods which
allow the rated wattage to be changed after the
luminaire has been shipped from the manufacturer.

. The wattage of luminaires with permanently installed

or remotely installed ballasts shall be the operating
input wattage of the rated lamp/ballast combination
published in manufacturer’s catalogs based on inde-
pendent testing lab reports as specified by UL 1598.
The wattage of a compact fluorescent or high intensity
discharge luminaire that can accommodate a range of
wattages without changing the luminaire housing, bal-
last or wiring shall be the larger of the installed wattage,
or the average wattage of the lamp/ballast combinations
for which the luminaire is rated.

. The wattage of line-voltage lighting track and plug-in

busway which allow the addition or relocation of
luminaires without altering the wiring of the system
shall be determined by one of the following methods:

A. The wattage of line voltage busway and track rated
for more than 20 amperes shall be the total
volt-ampere rating of the branch circuit feeding the
busway and track.

B. The wattage of line voltage busway and track rated
for 20 amperes or less shall be determined by one of
the following methods:

i. The volt-ampere rating of the branch circuit
feeding the track or busway; or

ii. The higher of the rated wattage of all of the
luminaires included in the system, where watt-
age is determined according to Section
130(d)(1, 2, 4, 5 or 6) as applicable, or 45 watts
per linear foot; or

iii. When using an integral current limiter, the
higher of the volt-ampere rating of an integral
current limiter controlling the track or busway,
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or 12.5 watts per linear foot of track or busway,
provided that the integral current limiter com-
plies with Section 119(1); or

iv. When using a dedicated track lighting supple-
mentary overcurrent protection panel, the sum
of the ampere (A) rating of all of the overcurrent
protection devices times the branch circuit volt-
ages. The panel shall meet all of the following
requirements:

a. Be listed as defined in Section 101; and

b. Beused only with line voltage track lighting;
and

c. Be permanently installed in an electrical
equipment room, or permanently installed
adjacent to the lighting panel board provid-
ing supplementary overcurrent protection
for the track lighting circuits served by the
supplementary over current protection
panel; and

d. Be prominently labeled “NOTICE: This
Panel for Track Lighting Energy Code Com-
pliance Only. The overcurrent protection
devices in this panel shall only be replaced
with the same or lower amperage. No other
overcurrent protective device shall be added
to this panel. Adding to, or replacement of,
existing overcurrent protective device(s)
with higher continuous ampere rating will
void the panel listing and require resubmittal
and recertification of California Title 24,
Part 6 compliance documentation.”

4. The wattage of luminaires or lighting systems with per-

manently installed or remotely installed transformers,
shall be determined as follows:

A. The rated wattage of the lamp/transformer combina-
tion, listed on a permanent, preprinted, factory-
installed label as specified by UL 2108, and

B. For luminaires or lighting systems with transformers
rated greater than 53 watts, the factory-installed
wattage label shall not consist of peel-off or
peel-down layers or other methods which allow the
rated wattage to be changed after the luminaire or
lighting system has been shipped from the manufac-
turer.

. The wattage of light emitting diode (LED) Luminaires,

or LED Light Engine with Integral Heat Sink shall be
the maximum rated input wattage of the system when
tested in accordance with Reference Joint Appendix
JAS. The maximum rated input wattage shall be listed
on a permanent, preprinted, factory-installed label.

. The wattage of all other miscellaneous lighting equip-

ment shall be the maximum rated wattage of the light-
ing equipment or operating input wattage of the system,
listed on a permanent, preprinted, factory-installed
label or published in manufacturers’ catalogs, based on
independent testing lab reports as specified by UL 1574
or UL 1598.
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(e) GU-24 Lamps, luminaires and adaptors. GU-24
lamps, luminaires, and adaptors installed in California shall
meet the following requirements:

1.

2.

Lamps with GU-24 bases shall have a minimum effi-
cacy no lower than specified in Table 150-C.

The wattage of luminaires with GU-24 lamp holders
shall be the operating input wattage as listed on a per-
manent, preprinted, factory-installed label on the
luminaire housing, as specified by UL. Luminaires with
GU-24 lampholders shall not be rated for any lamp or
lighting system that has an efficacy lower than specified
in Table 150-C.

. Luminaires with GU-24 lampholders shall not have

modular components allowing conversion to any lamp
or lighting system that has an efficacy lower than speci-
fied in Table 150-C.

. There shall be no adaptors that convert a GU-24 socket

or GU-24 lamp holder to any other line voltage socket
or lamp holder, or to any lighting system that has an effi-
cacy lower than specified in Table 150-C.

SECTION 131
INDOOR LIGHTING CONTROLS THAT
SHALL BE INSTALLED

(a) Area controls.

1.

Each area enclosed by ceiling-height partitions shall
have an independent switching or control device. This
switching or control device shall be:

A. Readily accessible; and

B. Located so that a person using the device can see the
lights or area controlled by that switch, or so that the
area being lit is annunciated; and

C. Manually operated, or automatically controlled by
an occupant sensor that meets the applicable require-
ments of Section 119.

. Other devices may be installed in conjunction with the

switching or control device, provided that they:

A. Permit the switching or control device to manually
turn the lights off in each area enclosed by ceiling
height partitions; and

B. Reset the mode of any automatic system to normal
operation without further action.

Exception 1 to Section 131(a): 1. Up to 3 watts
per square foot of lighting in any area within a
building that must be continuously illuminated for
reasons of building security or emergency egress,
if:

A. The area is designated a security or emer-
gency egress area on the plans and specifica-
tions submitted to the enforcement agency
under Section 10-103(a)2 of Title 24, Part 1;
and
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| | B. The security or egress lighting is controlled
by switches accessible only to authorized
personnel.

| | Exception 2 to Section 131(a): Public areas with
switches that are accessible only to authorized per-
sonnel.

(b) Multilevel lighting controls. The general lighting of any
enclosed space 100 square feet or larger, and has a connected
lighting load that exceeds 0.8 watts per square foot, shall have
> multilevel lighting controls. Multilevel controls shall have at

least one control step that is between 30 percent and 70 percent

of design lighting power and allow the power of all lights to be
manually turned off. A reasonably uniform level of illuminance
> shall be achieved by any of the following:

| | 1. Continuous or stepped dimming of all lamps or
luminaires; or

2. Switching alternate lamps in luminaires, alternate D.

luminaires and alternate rows of luminaires.
Exceptions to Section 131(b):
1. Lights in corridors.

2. A space that has only one luminaire with no more
than two lamps.

(c) Daylight areas.
1. Daylight areas shall be defined as follows:

A. DAYLIGHT AREA is the total daylight area shall
not double count overlapping areas with any pri-
mary sidelit daylight area, secondary sidelit daylight

mary sidelit area is directly adjacent to vertical
glazing below the ceiling with an area equal to the
product of the sidelit width and the primary sidelit
depth.

The primary sidelit width is the width of the win-
dow plus, on each side, the smallest of:

i. 2 feet; or

ii. The distance to any 5 feet or higher permanent
vertical obstruction.

The primary sidelit depth is the horizontal dis-
tance perpendicular to the glazing, which is the
smaller of:

ii. The distance to any 5 feet or higher permanent
vertical obstruction.

C. DAYLIGHT AREA. SECONDARY SIDELIT is
the combined secondary sidelit area without double
counting overlapping areas. The floor area for each
secondary sidelit area is directly adjacent to primary
sidelit area with an area equal to the product of the
sidelit width and the secondary sidelit depth.
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A.

i.  One window head height; or B.

The secondary sidelit width is the width of the
window plus, on each side, the smallest of:

I. 2 feet; or

ii. The distance to any 5 feet or higher permanent
vertical obstruction; or

iii. The distance to any skylit daylight area.

The secondary sidelit depth is the horizontal dis-
tance perpendicular to the glazing which begins
from one window head height, and ends at the
smaller of:

i. Two window head heights;

ii. The distance to any 5 feet or higher permanent
vertical obstruction; or

iii. The distance to any skylit daylight area.

DAYLIGHT AREA, SKYLIT is the combined
daylight area under each skylight without double
counting overlapping areas. The daylight area under
each skylight is bounded by the rough opening of the
skylight, plus horizontally in each direction the
smallest of:

i. 70 percent of the floor-to-ceiling height; or

ii. The distance to any primary sidelit area, or the
daylight area under rooftop monitors; or

iii. The distance to any permanent partition or per-
manent rack which is farther away than 70 per-
cent of the distance between the top of the
permanent partition or permanent rack and the

area or skylit daylight area. ceiling.

B. DAYLIGHT AREA, PRIMARY SIDELIT is the 2. Luminaires providing general lighting that are in or are
combined primary sidelit area without double count- partially in the skylit daylight area and/or the primary
ing overlapping areas. The floor area for each pri- sidelit daylight area shall be controlled as follows:

Primary sidelit and skylit daylight areas shall have at
least one lighting control that:

i. Controls at least 50 percent of the general light-
ing power in the primary sidelit and skylit day-
light areas separately from other lighting in the
enclosed space.

ii. Controls luminaires in primary sidelit areas sep-
arately from skylit areas.

Exception to Section 131(c)2A: Primary sidelit
and skylit daylight areas that have a combined area
totaling less than or equal to 250 square feet within
any enclosed space.

For all skylit daylight areas:

i. The skylit daylight area shall be shown on the
plans.

ii. All of the general lighting in the skylit area shall
be controlled independently by an automatic
daylighting control device that meets the appli-
cable requirements of Section 119.

iii. The automatic daylighting control shall be
installed in accordance with Section 131(c)4.
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Exception 1 to Section 131(c)2B: Where the total
skylit daylight area in any enclosed space is less
than or equal to 2,500 square feet.

Exception 2 to Section 131(c)2B: Skylit daylight
areas where existing adjacent structures obstruct
direct beam sunlight for at least 6 hours per day
during the equinox as calculated using computer or
graphical methods.

Exception 3 to Section 131(c)2B: When the sky-
light effective aperture is greater than 4.0 percent,
and all general lighting in the skylit area is con-
trolled by a multilevel astronomical time switch
that meets the requirements of Section 119(h) and
that has an override switch that meets the require-
ments of Section 131(d)2.

Exception 4 to Section 131(c)2B: Skylit daylight
areas where the effective aperture is less than
0.006. The effective aperture for skylit daylight
areas is specified in Section 146(a)2E.

C. The primary sidelit area(s) shall be shown on the

plans, and the general lighting in the primary sidelit
areas shall be controlled independently by an auto-
matic daylighting control device that meets the
applicable requirements of Section 119 and is
installed in accordance with Section 131(c)2D.

Exception 1 to Section 131(c)2C: Where the total
primary sidelit daylight area in any enclosed space
has an area less than or equal to 2,500 square feet.

Exception 2 to Section 131(¢)2C: Primary sidelit
daylight areas where the effective aperture is less
than 0.1. The effective aperture for primary sidelit
daylight areas is specified in Section 146(a)2E.

Exception 3 to Section 131(c)2C: Primary sidelit
daylight areas where existing adjacent structures
are twice as tall as their distance away from the
windows.

Exception 4 to Section 131(¢c)2C: Parking
garages.

. Automatic daylighting control device installation

and operation. Automatic daylighting control
devices shall be installed and configured to operate
according to all of the following requirements:

i. Automatic daylighting control devices shall
have photosensors that are located so that they
are not readily accessible in accordance with the
designer’s or manufacturer’s instructions.

ii. The location where calibration adjustments are
made to the automatic daylighting control
device shall be readily accessible to authorized
personnel, or located within 2 feet of a ceiling
access panel that is no higher than 11 feet above
floor level.

iii. Automatic daylighting controls shall be multi-
level, including continuous dimming, and have
at least one control step that is between 50 per-
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cent to 70 percent of rated power of the
controlled lighting.

Exception 1 to Section 131(c)2D(iii): Controlled
lighting having a lighting power density less than
0.3 W/,

Exception 2 to Section 131(c)2D(iii): When sky-
lights are replaced or added to on an existing build-
ing with an existing general lighting system.

iv. Under all daylight conditions in all areas served
by the controlled lighting, the combined
illuminance from the controlled lighting and
daylight is not less than the illuminance from
controlled lighting when no daylight is avail-
able.

v. When all areas served by the controlled lighting
are receiving daylight illuminance levels greater
than 150 percent of the illuminance from con-
trolled lighting when no daylight is available,
the controlled lighting power consumption shall
be no greater than 35 percent of the rated power
of the controlled lighting.

(d) Shut-off controls.

1. In addition to the manual controls installed to comply
with Section 131(A) and (b), for every floor, all indoor

lighting systems shall be equipped with separate auto- <

matic controls to shut off the lighting. These automatic
controls shall meet the requirements of Section 119 and
may be an occupant sensor, automatic time switch or
other device capable of automatically shutting off the
lighting.

Exception 1 to Section 131(d)1: Where the lighting | |
system is serving an area that must be continuously lit,

24 hours per day/365 days per year.

Exception 2 to Section 131(d)1: Lighting in corri-
dors, guest rooms and dwelling units of high-rise resi-
dential buildings and hotel/motels, and parking
garages.

Exception 3 to Section 131(d)1: Up to 0.3 watts per

square foot of lighting in any area within a building

that must be continuously illuminated for reasons of
building security or emergency egress, provided that
the area is designated a security or emergency egress
area on the plans and specifications submitted to the

enforcement agency under Section 10-103(a)2 of

Title 24, Part 1.

2. If an automatic control device is installed to comply <

with Section 131(d)1, it shall incorporate an override
switching device that:

A

@)

. Is readily accessible; and
B.

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 annunciated; and

. Is manually operated; and

. Allows the lighting to remain on for no more than

two hours when an override is initiated; and
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Exception to Section 131(d)2D: In malls, audito-
riums, single tenant retail spaces, industrial facili-
ties and arenas where captive-key override is
utilized, override time may exceed 2 hours.

E. Controls an area enclosed by ceiling height parti-
tions not exceeding 5,000 square feet.

Exception to Section 131(d)2E: In malls, audito-
riums, single tenant retail spaces, industrial facili-
ties, convention centers and arenas, the area
controlled may not exceed 20,000 square feet.

3. Ifan automatic time switch control device is installed to
comply with Section 131(d)1, it shall incorporate an
automatic holiday “shut-off” feature that turns off all
loads for at least 24 hours, and then resumes the nor-
mally scheduled operation.

Exception to Section 131(d)3: Retail stores and
associated malls, restaurants, grocery stores,
churches and theaters.

4. Offices 250 square feet or smaller; multipurpose rooms
of less than 1,000 square feet, and classrooms and con-
ference rooms of any size, shall be equipped with occu-
pant sensor(s) to shut off the lighting. In addition,
controls shall be provided that allow the lights to be
manually shut off in accordance with Section 131(a)
regardless of the sensor status.

(e) Display lighting. Floor and wall display, window dis-
play and case display lighting shall each be separately switched
on circuits that are 20 amps or less.

(f) Automatic controls required for tailored method.
When the tailored method in Section 146 is used for calculating
allowed indoor lighting power density, the general lighting
shall be controlled separately from the display, ornamental and
display case lighting.

(g) Demand responsive lighting controls. Demand respon-
sive automatic lighting controls that uniformly reduce lighting
power consumption by a minimum of 15 percent shall be
installed in retail buildings with sales floor areas greater than
50,000 square feet.

Exception to Section 131(g): Buildings where more than
50 percent of the lighting power is controlled by daylighting
controls.

SECTION 132
OUTDOOR LIGHTING CONTROLS AND
EQUIPMENT

(a) Outdoor lighting. All permanently installed outdoor
luminaires employing lamps rated over 100 watts shall either:
have a lamp efficacy of at least 60 lumens per watt; or be con-
trolled by a motion sensor.

Exception 1 to Section 132(a): Lighting required by a
health or life safety statute, ordinance or regulation, includ-
ing but not limited to, emergency lighting.

Exception 2 to Section 132(a): Lighting used in or around
swimming pools, water features or other locations subject to
Article 680 of the California Electrical Code.
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Exception 3 to Section 132(a): Searchlights.

Exception 4 to Section 132(a): Theme lighting for use in
theme parks.

Exception 5 to Section 132(a): Lighting for film or live
performances.

Exception 6 to Section 132(a): Temporary outdoor light-
ing.

Exception 7 to Section 132(a): Light emitting diode, light
emitting capacitors, neon and cold cathode lighting.

Exception 8 to Section 132(a): Sign lighting.

(b) Luminaire cutoff requirements. All outdoor
luminaires that use lamps rated greater than 175 watts in
hardscape areas including parking lots, building entrances,
sales and nonsales canopies, and all outdoor sales areas shall be
designated Cutoff for light distribution. To comply with this
requirement the luminaire shall be rated Cutoff in a photomet-
ric test report that includes any tilt or other nonlevel mounting
condition of the installed luminaire. Cutoff is a luminaire light
distribution classification where the candela per 1000 lamp
lumens does not numerically exceed 25 at or above a vertical
angle of 90 degrees above nadir, and 100 at or above a vertical
angle of 80 degrees above nadir. Nadir is in the direction of
straight down, as would be indicated by a plumb line. Ninety
degrees above nadir is horizontal. Eighty degrees above nadir
is 10 degrees below horizontal.

Exception 1 to Section 132(b): Signs.

Exception 2 to Section 132(b): Lighting for building
facades, public monuments, statues and vertical surfaces of
bridges.

Exception 3 to Section 132(b): Lighting required by a
health or life safety statute, ordinance or regulation, includ-
ing but not limited to, emergency lighting.

Exception 4 to Section 132(b): Temporary outdoor light-
ing.
Exception 5 to Section 132(b): Lighting used in or around

swimming pools, water features or other locations subject to
Article 680 of the California Electrical Code.

Exception 6 to Section 132(b): Replacement of existing
pole mounted luminaires in hardscape areas meeting all of
the following conditions:

A. Where the existing luminaire does not meet the
luminaire cutoff requirements in Section 132(b); and

B. Spacing between existing poles is greater than six times
the mounting height of the existing luminaires; and

C. Where no additional poles are being added to the site;
and

D. Where new wiring to the luminaires is not being
installed; and

E. Provided that the connected lighting power wattage is
not increased.

(c) Controls for outdoor lighting

1. All permanently installed outdoor lighting shall be con-
trolled by a photocontrol or astronomical time switch
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that automatically turns off the outdoor lighting when
daylight is available.

Exception to Section 132(c)1: Lighting in tunnels
and large covered areas that require illumination dur-
ing daylight hours.

2. For lighting of building facades, parking lots, sales and
nonsales canopies, all outdoor sales areas, and student
pick-up/drop-off zones where two or more luminaires
are used, an automatic time switch shall be installed that
is capable of (1) turning off the lighting when not
needed and (2) reducing the lighting power (in watts)
by at least 50 percent but not exceeding 80 percent or
providing continuous dimming through a range that
includes 50 percent through 80 percent reduction. This
control shall meet the requirements of Section 119 (c).

Exception 1 to Section 132(c)2: Lighting required
by a health or life-safety statute, ordinance or regula-
tion, including but not limited to, emergency lighting.

Exception 2 to Section 132(c)2: Lighting for steps or
stairs that require illumination during daylight hours.

Exception 3 to Section 132(¢)2: Lighting that is con-
trolled by a motion sensor and photocontrol.

Exception 4 to Section 132(c)2: Lighting for facili-
ties that have equal lighting requirements at all hours
and are designed to operate continuously.

Exception 5 to Section 132(c)2: Temporary outdoor
lighting.

Exception 6 to Section 132(c)2: Signs.

SECTION 133
SIGN LIGHTING CONTROLS

(a) Controls for all signs. All signs with permanently con-
nected lighting shall meet the requirements of Section 133
below:

1. Automatic time switch control. All signs with perma-
nently connected lighting shall be controlled with an
automatic time switch control that complies with the
applicable requirements of Section 119.

2. Photocontrol or outdoor astronomical time switch
control. All outdoor signs shall be controlled with a
photocontrol or outdoor astronomical time switch con-
trol.

Exception to Section 133(a)2: Outdoor signs in tun-
nels and large covered areas that require illumination
during daylight hours.

3. Dimming. All outdoor signs shall be controlled with a
dimmer that provides the ability to automatically
reduce sign power by a minimum of 65 percent during
night time hours.

Exception 1 to Section 133(a)3: Signs that are illu-
minated for less than one hour per day during daylight
hours.
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Exception 2 to Section 133(a)3: Outdoor signs in
tunnels and large covered areas that require illumina-
tion during daylight hours.

Exception 3 to Section 133(a)3: Metal halide, high
pressure sodium, cold cathode and neon lamps used to
illuminated signs or parts of signs.

4. Demand Responsive Electronic Message Center
Control. An Electronic Message Center (EMC) having
a new connected lighting power load greater than 15
kW shall have a control installed that is capable of
reducing the lighting power by a minimum of 30 per-
cent when receiving a demand response signal that is
sent out by the local utility.

Exception to Section 133(a)4: EMCs required by a
health or life safety statue, ordinance or regulation,
including but not limited to exit signs and traffic
signs.

SECTION 134
REQUIRED NONRESIDENTIAL LIGHTING
CONTROL ACCEPTANCE

(a) Lighting control acceptance. Before an occupancy per-
mitis granted for a new building or space, or a new lighting sys-
tem serving a building, space or site is operated for normal use,
all indoor and outdoor lighting controls serving the building,
space or site shall be certified as meeting the Acceptance
Requirements for Code Compliance. A Certificate of Accep-
tance shall be submitted to the enforcement agency under Sec-
tion 10-103(a) of Title 24, Part 1, that:

1. Certifies plans, specifications, installation certificates,
and operating and maintenance information meet the
requirements of Part 6.

2. Certifies that automatic daylighting controls meet the
applicable requirements of Sections 119 and 131(c)2D.

3. Certifies that when a multilevel astronomical time
switch is used to meet the Exception 3 to Section
131(c)2B all general lighting in the skylit area is con-
trolled by a multilevel astronomical time switch that
meets the applicable requirements of Section 119 and
that has an override switch that meets the requirements
of Section 131(d)2.

4. Certifies that lighting controls meet the requirements of
Section 131(a) through Section 131(c), Sections 131(e)
and (f), and Section 146(a)2 as applicable.

5. Certifies that automatic lighting controls meet the
applicable requirements of Sections 119 and 131(d).

6. Certifies that occupants-sensors meet the applicable
requirements of Sections 119 and 131(d).

7. Certifies that outdoor lighting controls meet the appli-
cable requirements of Sections 119 and 132.

SECTION 135 — Reserved.

SECTION 136 — Reserved.
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SECTION 137 — Reserved.

SECTION 138 — Reserved.

SECTION 139 — Reserved.
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SUBCHAPTER 5

NONRESIDENTIAL, HIGH-RISE RESIDENTIAL AND HOTEL/MOTEL
OCCUPANCIES—PERFORMANCE AND PRESCRIPTIVE
COMPLIANCE APPROEAISFI]IEISE§8$ ACHIEVING ENERGY

SECTION 140
CHOICE OF PERFORMANCE AND
PRESCRIPTIVE APPROACHES

The envelope and the space-conditioning, lighting and service
water-heating systems of all nonresidential, high-rise residen-
tial and hotel/motel buildings subject to Title 24, Part 6, shall be
designed, constructed and installed in accordance with either:

(a) Performance approach—to use no more TDV energy
from depletable sources than the energy budget, calculated
according to Section 141; or

(b) Prescriptive approach—in accordance with all the
applicable requirements of Sections 142 through 148.

SECTION 141
PERFORMANCE APPROACH: ENERGY BUDGETS

In order to meet the energy budget, a proposed building’s use of
TDV energy calculated under Subsection (b) must be no
greater than the TDV energy budget calculated under Subsec-
tion (a).

(a) Energy budget. The energy budget for a proposed build-
ing is the sum of the space-conditioning, lighting and service
water-heating budgets in Subdivisions 1, 2 and 3 of this subsec-
tion, expressed in Btu per square foot of conditioned floor area
per year.

1. Space-conditioning budget. The space-conditioning
budget is the TDV energy used for space conditioning
in a standard building in the climate zone in which the
proposed building is located, calculated with a method
approved by the Commission (expressed in TDV
energy per square foot of conditioned floor area per
year), and assuming that:

A. The standard building has space heating, space cool-
ing and ventilation systems that meet, but do not
exceed, the minimum efficiency requirements of
Sections 111 and 112, and the requirements of Sec-
tion 144; and

B. The performance of the roof/ceiling, walls, floors
and soffits, windows, and skylights is equal to an
applicable value using the same assembly type from
Table 143-A, 143-B or 143-C, and for nonresiden-
tial buildings with low-sloped roofs, the roof aged
solar reflectance and thermal emittance is equal to
the values specified in Section 118(i)1; and

C. The zoning, the orientation of each building feature,
and the gross envelope areas of the standard build-
ing are the same as in the proposed building; and
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D. The window area of the west-facing wall is the
greater of: (1) the window area of the proposed
building excluding the window area in demising
walls, or 40 percent of the gross exterior west-facing
wall area of the standard building, whichever is less;
or (2) 6 feet times the west-facing display perimeter;
and the window area of the standard building is the
greater of (1) or (2): (1) the window area of the pro-
posed building, excluding the window area in
demising walls, or 40 percent of the gross exterior
wall area of the standard building, whichever is less;
or (2) 6 feet times the display perimeter; and

E. For buildings subject to Section 143(c), the skylight
area of the standard building shall be the minimum
area required by Section 143(c). For all other build-
ings, the skylight area of the standard building is the
same as in the proposed building, or is 5 percent of
the gross exterior roof/ceiling area of the standard
building, whichever is less.

. Lighting budget. The lighting budget is the TDV

energy used for lighting in a standard building calcu-
lated with a method approved by the Commission
(expressed in Btu per square foot of conditioned floor
area per year), and assuming that:

A. The lighting power density of the standard building,
for areas where no lighting plans or specifications
are submitted for permit and the occupancy of the
building is known, is the maximum allowed lighting
power density calculated according to Section
146(c)1; and

B. The lighting power density of the standard building,
for areas where no lighting plans or specifications
are submitted for permit, and the occupancy of the
building is not known, is 1.2 watts per square foot;
and

C. The lighting power density of the standard building,
for areas where lighting plans and specifications are
being submitted for permit, is the maximum allowed
lighting power density calculated according to Sec-
tion 146(c)1, 2 or 3; and

D. The lighting power density of the standard building
is adjusted as described in the Nonresidential ACM
Manual for an astronomical timeclock when
required by Section 131(c)2.

. Service water-heating budget. The service water-

heating budget is the TDV energy used for service
water heating in a standard building in the climate zone
in which the proposed building is located, calculated
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| | with a method approved by the Commission (expressed
in Btu per square foot of conditioned floor area per
year), and assuming that the standard building has a ser-
vice water-heating system that meets, but does not
exceed, the applicable requirements of Sections 111,
113, 123 and 145.

(b) TDV energy use of proposed building. The TDV
energy use of a proposed building is the sum of the space-con-
ditioning, lighting and service water-heating TDV energy use
calculated in Subdivisions 1, 2 and 3 of this subsection, using

| | the same compliance software used to calculate the budget
under Subsection (a), and expressed in Btu per square foot of
conditioned floor area per year. If any feature of the proposed
building, including, but not limited to, the envelope or the
space-conditioning, lighting or service water-heating system,
is not included in the building permit application, the energy
performance of the feature shall be assumed to be that of the
corresponding feature calculated in Subsection (a).

1. Space-conditioning TDV energy use. The space-con-
ditioning TDV energy use shall be calculated by:

| | A. Using a method approved by the Commission; and

B. Using the proposed building’s space heating, space
cooling, lighting and ventilation systems, roof and
ceiling, walls, floors and soffits, opaque envelope
areas, windows, skylights, zoning and orientation,
as shown on the plans and specifications submitted
in the building permit application under Section
10-103 of Title 24, Part 1.

2. Lighting TDV energy use. The lighting TDV energy
use shall be calculated using a method approved by the
| | Commission, and using the actual lighting power den-
sity calculated under Section 146(c), including reduc-
tion of wattage by the applicable lighting power
| | adjustment factors specified in Section 146(a)2. The
lighting power density shall also be adjusted as
described in the Nonresidential ACM Manual for an
astronomical timeclock when required by Section

131(c)2.
3. Service water-heating TDV energy use. The service
water-heating TDV energy use shall be calculated using
| | a method approved by the Commission, and using the
proposed building’s actual service water-heating

system.

(c) Calculation of budget and energy use. When calculat-
ing the energy budget under Subsection (a) and the TDV
energy use under Subsection (b), all of the following rules shall
apply:

1. Methodology. The methodology, computer programs,

| | inputs and assumptions approved by the Commission
shall be used.

2. Energy included. All energy from depletable sources,
recovered from space conditioning equipment, and
used for space conditioning, lighting and service water
heating shall be included.

3. Energy excluded. The following energy shall be
excluded:

A. Process loads; and

B. Loads of redundant or backup equipment, if the
plans submitted under Section 10-103 of Title 24,
Part 1, show controls that will allow the redundant
or backup equipment to operate only when the pri-
mary equipment is not operating, and if such con-
trols are installed; and

C. Recovered energy other than from space condition-
ing equipment; and

D. Additional energy use caused solely by outside air
filtration and treatment for the reduction and treat-
ment of unusual outdoor contaminants with final
pressure drops more than 245 pascals or I-inch
water column. Only the energy accounted for by the
amount of the pressure drop that is over 1 inch may
be excluded.

. U-factors. U-factors shall be calculated as follows:

A. All building components. The U-factor of all
building components shall be calculated to three
decimal places; the calculations shall assume
still inside air and a 15 miles per hour outside air
velocity, or other assumptions approved by the
Commission.

B. Wood-framed assemblies. U-factors for
wood-framed assemblies shall be calculated using
the parallel path method listed in ASHRAE Hand-
book, Fundamentals Volume, Chapter 23, with
framing factors approved by the Commission.

C. Metal-framed assemblies. U-factors for
metal-framed assemblies shall be calculated using
the zone method listed in ASHRAE Handbook,
Fundamentals Volume, Chapter 23, or a method
approved by the Commission.

D. Fenestration. U-factors for fenestration shall be
determined using NFRC 100 as specified in Section
116.

E. Masonry assemblies. U-factors for masonry
assemblies shall be calculated using the transverse
isothermal planes method listed in ASHRAE Hand-
book, Fundamentals Volume, Chapter 23, or a
method approved by the Commission.

F. Other. U-factors for components not listed in this
subsection shall be calculated using a method
approved by the Commission.

. Solar heat gain coefficients. Solar heat gain coeffi-

cients shall be determined using NFRC 200 as specified <

in Section 116, and shall not be adjusted for the effects
of interior of exterior shading devices.

. Visible light transmittance. Visible light transmit-

tance shall be determined using the values listed in
ASHRAE Handbook, Fundamentals Volume, Chapter
30, or manufacturers’ literature, and shall be adjusted
for the effects of framing and interior or exterior shad-
ing devices.

(d) Relocatable public school buildings. When the manu-
facturer/builder certifies the relocatable public school building
for use in any climate zone, the energy budget shall be met in
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the most severe climate zones as specified in the Nonresiden-
tial ACM Manual, assuming the prescriptive envelope criteria
in Table 143-C. When the manufacturer/builder certifies that
the relocatable building is manufactured for use in specific cli-
mate zones and that the relocatable building cannot be lawfully
used in other climate zones, the energy budget shall be met in
each climate zone that the manufacturer/building certifies,
assuming the prescriptive envelope criteria in Table 143-A,
including the non-north window RSHG and skylight SHGC
requirements for each climate zone. The energy budget and the
energy use of the proposed building shall be determined using
the multiple orientation approach specified in the Nonresiden-
tial ACM Manual. The manufacturer/builder shall meet the
requirements for identification labels specified in Section
143(a)8.

SECTION 142
PRESCRIPTIVE APPROACH

In order to comply with the prescriptive approach under this
section, a building shall be designed with and shall have con-
structed and installed:

(a) Abuilding envelope that complies with Section 143(a) or
(b) and for applicable buildings Section 143(c);

(b) A space-conditioning system that complies with Section
144;

(c) A service water-heating system that complies with Sec-
tion 145;

(d) A lighting system that complies with Section 146;

(e) An outdoor lighting system that complies with Section
147; and

(f) Interior and exterior signs that comply with Section 148.

SECTION 143
PRESCRIPTIVE REQUIREMENTS FOR
BUILDING ENVELOPES

A building complies with this section by being designed with
and having constructed and installed either (1) envelope com-
ponents that comply with each of the requirements in Subsec-
tion (a) for each individual component, and the requirements of
Subsection (c¢) where they apply, or (2) an envelope that com-
plies with the overall requirements in Subsection (b) and the
requirements of Subsection (c) where they apply. When mak-
ing calculations under Subsection (a) or (b), all of the rules
listed in Section 141(c)1, 4 and 5 shall apply.

(a) Envelope component approach.

1. Exterior roofs and ceilings. Exterior roofs and ceil-
ings shall:

A. Roofs. All roofing products shall meet the require-
ments of Section 118 and the applicable require-
ments of Subsections i through iii:

i.  Nonresidential buildings with low-sloped roofs
in climate zones 2 — 15 shall have a minimum
3-year aged solar reflectance of 0.55 and a mini-

mum thermal emittance of 0.75, or a minimum
aged SRI of 64.

Exception 1 to Section 143(a)lAi: Wood-
framed roofs in climate zones 3 and 5 are
exempt from the minimum requirements for
solar reflectance and thermal emittance or SRI
if the roof assembly has a U-factor of 0.039 or
lower.

Exception 2 to Section 143(a)lAi: Metal
building roofs in climate zones 3 and 5 are
exempt from the minimum requirements for
solar reflectance and thermal emittance or SRI
if the roof assembly has a U-factor of 0.048 or
lower.

Exception 3 to Section 143(a)1Ai: Roof arca
covered by building integrated photovoltaic
panels and building integrated solar thermal
panels are not required to meet the minimum
requirements for solar reflectance and thermal
emittance or SRI.

Exception 4 to Section 143(a)1Ai: Roof con-
structions that have thermal mass over the roof
membrane with a weight of at least 25 Ib/ft’.

ii. Nonresidential steep-sloped roofs with roofing
products that have a roof weight of less than 5
pounds per square foot in climate zones 2 — 16
shall have a minimum 3-year aged solar
reflectance of 0.20 and a minimum thermal
emittance of 0.75, or a minimum SRI of 16.
Steep-sloped roofing products that have a roof
weight of 5 pounds per square foot or more in
climate zones 1 through 16 shall have a mini-
mum 3-year aged reflectance of 0.15 and a mini-
mum emittance of 0.75, or a minimum SRI of
10.

iii. High-rise residential buildings and hotels and
motels with low-sloped roofs in climate zones
10, 11, 13, 14 and 15 shall have a minimum
3-year aged solar reflectance of 0.55 and a mini-
mum thermal emittance of 0.75, or a minimum
SRI of 64.

B. Have insulation placed in direct contact with a con-
tinuous roof or drywall ceiling where required by
Section 118(e); and

C. Have an overall assembly U-factor no greater than <<
the applicable value in Table 143-A, 143-B or
143-C.

2. Exterior walls. Exterior walls shall have an overall <<
assembly U-factor no greater than the applicable value
in Table 143-A, 143-B or 143-C.

3. Demising walls. Demising walls shall meet the require-
ments of Section 118(f).

4. External floors and soffits. External floors and soffits
shall have an overall assembly U-factor no greater than <
the applicable value in Table 143-A, 143-B or 143-C.
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5. Windows. Windows shall: is not counted as part of the gross exterior wall area

. or display perimeter.
A. Have (1) a west-facing area no greater than 40 per-

cent of the gross west-facing exterior wall area, or 6 B. Have a U-factor no greater than the applicable value
feet times the west-facing display perimeter, which- in Table 143-A, 143-B or 143-C; and

ever is greater; and (2) a total area no greater than 40 C. Have arelative solar heat gain, excluding the effects
percent of the gross exterior wall area, or 6 feet times of interior shading, no greater than the applicable
the display perimeter, whichever is greater; and value in Table 143-A, 143-B or 143-C. The relative

Exception to Section 143(a)5SA:Window area in solar heat gain of windows is:

demising walls is not counted as part of the win- i. The solar heat gain coefficient of the windows;
dow area for this requirement. Demising wall area or
TABLE 143-A

PRESCRIPTIVE ENVELOPE CRITERIA FOR NONRESIDENTIAL BUILDINGS(INCLUDING RELOCATABLE PUBLIC SCHOOL BUILDINGS
WHERE MANUFACTURER CERTIFIES USE ONLY IN SPECIFIC CLIMATE ZONE; NOT INCLUDING HIGH-RISE RESIDENTIAL BUILDINGS
AND GUEST ROOMS OF HOTEL/MOTEL BUILDINGS)

CLIMATE ZONES

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

Roofs/ |Metal building 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065

ceilings |Wood framed and other 0.049 | 0.039 | 0.039 | 0.039 | 0.049 | 0.075 | 0.067 | 0.067 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039

Low-sloned NR | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | NR

ow-slope NR | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | NR

Roofing Slteeptfll"pgd Aged NR [ 020 | 0.20 | 0.20 [ 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20

ey |dessthan S reflectance | NR | 0.75 | 0.75 [ 075 | 075 | 075 | 075 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 [ 0.75 | 0.75 | 075 | 075
products |1b/ft) emittance

Sstel‘t’f/’ff}‘med 0.15 ] 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15

l(mre) or 0.75 | 0.75 [ 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75

Metal building 0.1130.061 [ 0.113 [ 0.061 [ 0.061 | 0.113 | 0.113 | 0.061 | 0.061 | 0.061 | 0.061 | 0.061 | 0.061 | 0.061 | 0.057 | 0.061

Metal-framed 0.098 | 0.062 | 0.082 | 0.062 | 0.062 | 0.098 | 0.098 | 0.062 | 0.062 | 0.062 | 0.062 | 0.062 | 0.062 | 0.062 | 0.062 | 0.062

Walls'  |Mass light 0.196|0.170 | 0.268 [ 0.227 | 0.44 | 0.44 | 0.44 | 0.44 | 0.44 [0.170|0.170|0.170|0.170|0.170 | 0.170 | 0.170

Mass heavy 0.2530.650 | 0.650 | 0.650 | 0.650 | 0.690 | 0.690 | 0.690 | 0.690 | 0.650 | 0.184 | 0.253 | 0.211 | 0.184 | 0.184 | 0.160

Wood-framed and other 0.102]0.059 [ 0.110 [ 0.059 [ 0.102 | 0.110 | 0.110 | 0.102 [ 0.059 | 0.059 | 0.059 | 0.059 | 0.059 | 0.059 | 0.042 | 0.059

Floors/ |Mass 0.0920.092 | 0.269 | 0.269 | 0.269 | 0.269 | 0.269 | 0.269 | 0.269 | 0.269 | 0.092 | 0.092 | 0.092 | 0.092 | 0.092 | 0.058

soffits  [Other 0.048 | 0.039 [0.071 | 0.071 [ 0.071 {0.071 | 0.071 | 0.071 [ 0.071 | 0.071 | 0.039 | 0.071 | 0.071 | 0.039 | 0.039 | 0.039

U-factor 047 | 047 [0.77 [ 0.77 | 077 | 077 | 077 | 0.77 | 0.77 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47

0-10% WWR| 0.72 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.72

RSHG North [10-20% WWR| 0.49 1 0.51 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.6 | 0.51 | 0.51 [ 0.51 | 0.51 | 051 | 051 | 0.49

Ot 150-30% WWR| 0.47 | 047 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47

Windows 30-40% WWR/| 0.47 | 0.47 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.47 | 0.47 | 0.47 | 0.47 | 0.40 | 0.40 | 0.47

0-10% WWR| 0.49 | 0.47 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.47 | 0.47 | 0.47 | 0.47 | 0.46 | 0.46 | 0.49
RSHG 10-20% WWR| 0.43 | 0.36 | 0.55 | 0.55 | 0.55 | 0.61 | 0.61 | 0.61 | 0.61 | 0.36 | 0.36 | 0.36 | 0.36 | 0.36 | 0.36 | 0.43
Non-north 20-30% WWR| 0.43 | 0.36 | 0.41 | 0.41 | 0.41 | 0.39 | 0.39 | 0.39 | 0.39 | 0.36 | 0.36 | 0.36 | 0.36 | 0.36 | 0.36 | 0.43
30-40% WWR| 0.43 | 0.31 | 0.41 | 0.41 | 0.41 | 0.34 | 0.34 | 0.34 | 0.34 | 0.31 | 0.31 | 0.31 | 0.31 | 0.31 | 0.31 | 0.43

Doors, |[Nonswinging 050 | 145 | 1.45 | 145 | 145 | 1.45 | 145 | 145 | 1.45 | 145 | 1.45 | 1.45 | 145 | 1.45 | 1.45 | 1.50
U-factor |Swinging 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70

Glass, curb .11 | 1.11 | 1.11 | 1.11 | .11 | L.11 | 1.1t | .11 | 1.11 | 1.11 | .11 | 111 | 111 | 1.11 | 1.11 | 1.11
U-factor Glass, no curb | 0.68 | 0.68 | 0.82 | 0.82 | 0.82 | 0.82 | 0.82 | 0.82 | 0.82 | 0.68 | 0.68 | 0.68 | 0.68 | 0.68 | 0.68 | 0.68
Plastic 1.04 | 1.11 | 1.11 | L.11 | L.11 | 1.11 | 1.11 | 1.11 | 111 | L.11 | 111 | 1.11 | 1.11 | 1.11 | 1.11 | 1.04

S0
Skylight Glass,0-2% | NR | 046 | 057 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.46 | 0.46 | 0.46 | 0.46 | 0.46 | 0.46 | NR
SHGE Glass, 2.1-5% | NR | 0.36 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.36 | 0.36 | 0.36 | 0.36 | 0.36 | 0.36 | NR

Plastic, 0-2% | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69 | 0.69
Plastic, 2.1-5%| 0.57 | 0.57 | 0.57 | 057 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57

Notes:

'Mass, light walls are defined as having a heat capacity;reater than or equal to 7.0 Btu/h-ft? and less than 15.0 Btu/h-ft*. Heavy mass walls are defined as having a
heat capacity greater than or equal to 15.0 Btu/h-ft".
No skylight SHGC requirements are defined for climate zones 1 and 16. A climate zone without a requirement is designated as “NR”.
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ii. Relative solar heat gain as calculated by Equa-
tion 143-A, if an overhang extends beyond both
sides of the window jamb a distance equal to the
overhang projection.

Exception to Section 143(a)SC:The applica-
ble “north” value for relative solar heat gain in
Table 143-A, 143-B or 143-C or 0.56, which-
ever is greater, shall be used for windows:

a. That are in the first story of exterior walls
that form a display perimeter; and

b. For which codes restrict the use of over-
hangs to shade the windows.

EQUATION 143-A RELATIVE SOLAR HEAT GAIN

RSHG =SHGC

win

2
X 1+ﬂ+b el
Vv 14

where:

RSHG = relative solar heat gain.

SHGC,,,= solar heat gain coefficient of the window.

H = horizontal projection of the overhang from the sur-
face of the window in feet, but no greater than V.

14 = vertical distance from the window sill to the bot-
tom of the overhang, in feet.

a = -0.41 for north-facing windows, -1.22 for south-
facing windows and -0.92 for east- and west-
facing windows.

b = 0.20 for north-facing windows, 0.66 for south-

facing windows and 0.35 for east- and west-
facing windows.

6. Skylights. Skylights shall:

A. Have an area no greater than 5 percent of the gross
exterior roof area; and

TABLE 143-B
PRESCRIPTIVE ENVELOPE CRITERIA FOR HIGH-RISE RESIDENTIAL BUILDINGS AND GUEST ROOMS OF HOTEL/MOTEL BUILDINGS
CLIMATE ZONES
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Roofs/ |Metal building 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065 | 0.065
ceilings |Wood framed and other 0.0340.028 | 0.039 | 0.028 | 0.039 | 0.039 | 0.039 | 0.028 | 0.028 | 0.028 | 0.028 | 0.028 | 0.028 | 0.028 | 0.028 | 0.028
Roofing || = o 4 A%ledt NR | NR | NR [ NR | NR | NR | NR | NR | NR [ 055|055 | NR | 0.55 | 0.55 | 0.55 | NR
products | OV S10P¢ E:iuitcailcl:e NR | NR | NR [ NR | NR [ NR | NR | NR | NR | 0.75 | 0.75 | NR | 0.75 | 0.75 | 0.75 | NR
Metal building 0.061 [ 0.061 |0.061|0.061 | 0.061 |0.061 |0.061 |0.061|0.061 |0.061 |0.057|0.057 | 0.057 | 0.057 | 0.057 | 0.057
Metal-framed 0.105 [ 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105
Walls!  |Mass light 0.170[0.170 [ 0.170 | 0.170 [ 0.170 | 0.227 | 0.227 [ 0.227| 0.196 | 0.170 | 0.170 | 0.170 | 0.170 | 0.170 | 0.170 | 0.170
Mass heavy 0.160 [ 0.160 | 0.160 | 0.184 [ 0.211 | 0.690 | 0.690 | 0.690 | 0.690 | 0.690 | 0.184 | 0.253 | 0.211 | 0.184 | 0.184 | 0.160
Wood-framed and other 0.059 [ 0.059 | 0.059 | 0.059 | 0.059 | 0.059 | 0.059 | 0.059 | 0.059 | 0.059 | 0.042 | 0.059 | 0.059 | 0.042 | 0.042 | 0.042
Floors/ |Mass 0.045 [ 0.045 | 0.058 | 0.058 | 0.058 | 0.069 | 0.092 | 0.092 | 0.092 | 0.069 | 0.058 | 0.058 | 0.058 | 0.045 | 0.058 | 0.037
soffits  |Other 0.034 [ 0.034 | 0.039 | 0.039 [ 0.039 | 0.039 | 0.071 | 0.039|0.039 | 0.039 | 0.039 | 0.039 | 0.039 | 0.034 | 0.039 | 0.034
U-factor 0.47 | 047 | 0.47 | 047 | 047 | 0.47 | 047 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47
0-10% WWR/| 0.68 | 0.49 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.49 | 0.49 | 0.49 | 0.49 | 0.47 | 0.47 | 0.68
RSHG North |10-20% WWR| 0.68 | 0.49 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.49 | 0.49 | 0.49 | 0.49 | 0.43 | 0.43 | 0.68
orth 156.30% WWR| 0.47 | 0.40 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.61 | 0.40 | 0.40 | 0.40 | 0.40 | 0.43 | 0.43 | 0.47
Windows 30-40% WWR| 0.47 | 0.40 | 0.55 | 0.55 | 0.55 | 0.61 | 0.61 | 0.61 | 0.61 | 0.40 | 0.40 | 0.40 | 0.40 | 0.41 | 0.41 | 0.47
0-10% WWR/| 0.46 | 036 | 0.41 | 0.41 | 0.41 | 0.47 | 0.47 | 0.47 | 0.47 | 036 | 0.36 | 0.36 | 0.36 | 0.36 | 0.36 | 0.46
RSHG 10-20% WWR| 0.46 | 0.36 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.36 | 0.36 | 0.36 | 0.36 | 0.31 | 0.31 | 0.46
Non-north  [20-30% WWR| 0.36 | 0.31 | 0.31 | 0.31 | 0.31 | 0.36 | 0.36 | 0.36 | 0.36 | 0.31 | 0.31 | 0.31 | 0.31 | 0.26 | 0.26 | 0.36
30-40% WWR| 0.30 | 0.26 | 0.26 | 0.26 | 0.26 | 0.31 | 0.31 | 0.31 | 0.31 | 0.26 | 0.26 | 0.26 | 0.26 | 0.26 | 0.26 | 0.30
Doors, |Nonswinging 050 | 145 | 1.45 | 145 | 145 | 1.45 | 145 | 145 | 1.45 | 145 | 145 | 1.45 | 1.45 | 1.45 | 1.45 | 1.50
U-factor |Swinging 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70 | 0.70
Glass, curb LT[ 110 | 10 | Lan | 1 | | nan | | 1A | nan | 1t | nan | v | 1| 1|
U-factor Glass, no curb | 0.68 | 0.68 | 0.82 | 0.82 | 0.82 | 0.82 | 0.82 | 0.82 | 0.82 | 0.68 | 0.68 | 0.68 | 0.68 | 0.68 | 0.68 | 0.68
Plastic LIT | 111 | 11| 111 | 11 | | nan | | nan | nan | a1 | nan | nan | a1 | 11| 1
s 12

Skylight Glass, 0-2% | 0.46 | 0.46 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.46 | 0.46 | 0.46 | 0.46 | 0.46 | 0.46 | 0.46
SHGC Glass, 2.1-5% | 036 | 032 | 0.32 | 0.32 | 0.32 | 0.40 | 0.40 | 0.40 | 0.40 | 032 | 0.32 | 0.32 | 032 | 0.31 | 0.31 | 0.36
Plastic, 0-2% | 0.69 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57
Plastic, 2.5-5%]| 0.55 | 0.34 | 0.39 | 0.39 | 0.39 | 0.57 | 0.57 | 0.57 | 0.57 | 0.34 | 0.34 | 0.34 | 034 | 0.27 | 0.27 | 0.55

Notes:

"Mass, light walls are defined as having a heat capacity
heat capacity greater than or equal to 15.0 Btu/h-ft".
No skylight SHGC requirements are defined for climate zones 1 and 16. A climate zone without a requirement is designated as “NR”.
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Exception to Section 143(a)6A: Atria over 55
feet high shall have a skylight area no greater than
10 percent of the gross exterior roof area.

B. Have a U-factor no greater than the applicable value
in Table 143-A, 143-B or 143-C; and

C. Have a solar heat gain coefficient no greater than the
applicable value in Table 143-A, 143-B or 143-C.

7. Exterior doors. All exterior doors for conditioned

spaces shall have a U-factor not greater than the appli-
cable value in Table 143-A, 143-B or 143-C.

. Relocatable public school buildings. In complying

with Sections 143(a)l to 7, relocatable public school
buildings shall comply either with Table 143-A, includ-
ing the non-north window RSHG and skylight SHGC
requirements, when the manufacturer/builder certifies
that the relocatable building is manufactured only for
use in a specific climate zone(s) and that the relocatable
building cannot be lawfully used in other climate zones

TABLE 143-C

or with Table 143-C when the manufacturer/builder
certifies that the relocatable building is manufactured
for use in any climate zone. When the relocatable build-
ing complies with Table 143-C for use in more than one
climate zone, the relocatable building shall meet the
most stringent requirements for each building compo-
nent in all of the climate zones for which the relocatable
building is certified.

The manufacturer/builder shall place two metal iden-
tification labels on each relocatable building module,
one mechanically fastened and visible from the exterior
and the other mechanically fastened to the interior
frame above the ceiling, at the end of the module. In
addition to information required by the Division of the
State Architect (DSA), the labels shall state either
“Complies with Title 24, Part 6 for all Climate Zones”
or “Complies with Title 24, Part 6 for Climate Zones”
and then list all of the climate zones for which the man-
ufacturer has manufactured the relocatable building to

PRESCRIPTIVE ENVELOPE CRITERIA FOR RELOCATABLE PUBLIC SCHOOL BUILDINGS
WHERE MANUFACTURER CERTIFIES USE IN ALL CLIMATE ZONES

ALL CLIMATE ZONES
Roof/Ceiling U-factor
Metal building 0.048
Wood-framed and other 0.039
Roofing products — aged reflectance/emittance
Low-sloped 0.55/0.75
Steep-sloped — Less than 5 1b/ft> 0.20/0.75
5 Ib/ft’ or more 0.15/0.75
Wall U-factor
Wood frame 0.059
Metal frame 0.062
Metal building 0.057
Mass/7.0 <HC 0.170
Other 0.059
Floor/Soffit U-factor
Wood-framed and other 0.048
Windows
U-factor 0.47
Relative solar heat gain
0-10% WWR 0.36
11-20% WWR 0.31
21 -30% WWR 0.26
31 -40% WWR 0.26
Skylights
Doors, U-factor Nonswinging 0.50
Swinging 0.70
U-factor Glass w/curb 0.99
Glass wo/curb 0.57
Plastic w/curb 0.87
SHGC Glass 0-2% 0.46
2.1-5% 0.36
SHGC Plastic 0-2% 0.69
2.1-5% 0.57

Note: Construction assembly U-factors shall be calculated in accordance with Reference Joint Appendix JA4.
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comply. The location of the identification labels shall
be shown on the building plans.

> (b) Overall envelope TDV energy approach. The total

TDV energy of the overall envelope of the proposed building,
TDV,qp, shall be no greater than the total TDV energy of the
overall envelope of a standard building, TDVyy, as calculated
in Reference Nonresidential Appendix NAS5 “Envelope Trade-
off Procedure.” In making the calculations, it shall be assumed
that the orientation and area of each envelope component of the
standard building are the same as in the proposed building. If
the proposed building has Window-Wall-Ratio greater than 40
percent or Skylight-Roof-Ratio greater than 5 percent, the area
of walls and windows or roofs and skylights will be adjusted
accordingly in the standard building to cap the WWR at 40 per-
cent and SRR at 5 percent.

>

(¢) Minimum skylight area for large enclosed spaces in
buildings with three or fewer stories. In climate zones
2 through 15, low-rise conditioned or unconditioned enclosed
spaces that are greater than 8,000 ft* directly under a roof with
ceiling heights greater than 15 feet shall meet Section
143(c)1 — 4 below.

1. Daylit area. Atleast one half of the floor area shall be in
the skylit daylight area, the primary sidelit daylight area
or a combination of the skylit and primary sidelit day-
light areas. The skylit and primary sidelit daylight areas
shall be shown on the building plans. Skylit and pri-
mary sidelit daylight areas are defined in Section
131(c).

2. Minimum skylight area or effective aperture. Areas
that are skylit shall have a minimum skylight area to
skylit area ratio of at least 3.3 percent or minimum sky-
light effective aperture of at least 1.1 percent. Skylight
effective aperture shall be determined as specified in
Equation 146-C. If primary sidelit area is used to com-
ply with Section 143(c)1, the primary sidelit daylight
areas shall have an effective aperture greater than 10
percent. The effective aperture for primary sidelit day-
light areas is specified in Section 146(a)2E.

3. Skylight characteristics. Skylights shall:

A. Have a glazing material or diffuser that has a mea-
sured haze value greater than 90 percent, tested
according to ASTM D 1003 (notwithstanding its
scope) or other test method approved by the Com-
mission; and

B. Ifthe space is conditioned, meet the requirements in
Section 143(a)6 or 143(b).

4. Controls. Electric lighting in the daylit area shall be
controlled as described in Section 131(c)2.

Exception 1 to Section 143(c): Auditoriums,
churches, movie theaters, museums and refrigerated
warehouses.

Exception 2 to Section 143(c): In buildings with
unfinished interiors, future enclosed spaces where it
is planned to have less than or equal to 8,000 square
feet of floor area, or ceiling heights less than or equal
to 15 feet, based on proposed future interior wall and
ceiling locations as delineated in the plans. This

exception shall not apply to these future enclosed
spaces when interior walls and ceilings are installed
for the first time, the enclosed space floor area is
greater than 8,000 square feet, and the ceiling height
is greater than 15 feet (see Section 149(b)1M). This
exception shall not be used for S-1 or S-2 (storage), or
for F-1 or F-2 (factory) occupancies.

Exception 3 to Section 143(c): Enclosed spaces hav-
ing a designed general lighting system with a lighting
power density less than 0.5 watts per square foot.

SECTION 144
PRESCRIPTIVE REQUIREMENTS FOR
SPACE-CONDITIONING SYSTEMS

A building complies with this section by being designed with
and having constructed and installed a space-conditioning sys-
tem that meets the requirements of Subsections (a) through (k).

(a) Sizing and equipment selection. Mechanical heating
and mechanical cooling equipment shall be the smallest size,
within the available options of the desired equipment line, nec-
essary to meet the design heating and cooling loads of the
building, as calculated according to Subsection (b).

Exception 1 to Section 144(a): Where it can be demon-
strated to the satisfaction of the enforcing agency that
oversizing will not increase building TDV energy use.

Exception 2 to Section 144(a): Standby equipment with
controls that allow the standby equipment to operate only
when the primary equipment is not operating.

Exception 3 to Section 144(a): Multiple units of the same
equipment type, such as multiple chillers and boilers, hav-
ing combined capacities exceeding the design load, if they
have controls that sequence or otherwise optimally control
the operation of each unit based on load.

(b) Calculations. In making equipment sizing calculations
under Subsection (a), all of the following rules shall apply:

1. Methodology. The methodologies, computer pro-
grams, inputs and assumptions approved by the Com-
mission shall be used.

2. Heating and cooling loads. Heating and cooling sys-
tem design loads shall be determined in accordance
with the procedures described in the ASHRAE Hand-
book, Fundamentals Volume or as specified in a method
approved by the Commission.

3. Indoor design conditions. Indoor design temperature
and humidity conditions for general comfort applica-
tions shall be determined in accordance with ASHRAE
Standard 55 or the ASHRAE Handbook, Fundamentals
Volume, Chapter 8 except that winter humidification
and summer dehumidification shall not be required.

4. Outdoor design conditions. Outdoor design condi-
tions shall be selected from Reference Joint Appendix
JA2, which is based on data from the ASHRAE Clima-
tic Data for Region X. Heating design temperatures
shall be no lower than the Heating Winter Median of
Extremes values. Cooling design temperatures shall be
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no greater than the 0.5 percent Cooling Dry Bulb and
Mean Coincident Wet Bulb values.

Exception to Section 144(b)4:Cooling design tem-
peratures for cooling towers shall be no greater than
the 0.5 percent Cooling Design Wet bulb values.

5. Ventilation. Outdoor air ventilation loads shall be cal-
culated using the ventilation rates required in Section
121.

6. Envelope. Envelope heating and cooling loads shall be
calculated using envelope characteristics, including
square footage, thermal conductance, solar heat gain
coefficient or shading coefficient, and air leakage, con-
sistent with the proposed design.

7. Lighting. Lighting loads shall be based on actual
design lighting levels or power densities as specified in
Section 146.

8. People. Occupant density shall be based on the
expected occupancy of the building and shall be the
same as determined under Section 121(b)2B, if used.
Sensible and latent heat gains shall be as listed in the
2001 ASHRAE Handbook—Fundamentals, Chapter
30, Table 1.

9. Process loads. Loads caused by a process shall be
based upon actual information on the intended use of
the building.

10. Miscellaneous equipment. Equipment loads shall be
calculated using design data compiled from one or more
of the following sources:

A. Actual information based on the intended use of the
building; or

B. Published data from manufacturer’s technical publi-
cations and from technical societies, such as the
ASHRAE Handbook, Applications Volume; or

C. Other data based on the designer’s experience of
expected loads and occupancy patterns.

11. Internal heat gains. Internal heat gains may be ignored
for heating load calculations.

12. Safety factor. Design loads may be increased by up to
10 percent to account for unexpected loads or changes
in space usage.

13. Other loads. Loads such as warm-up or cool-down shall
be calculated from principles based on the heat capacity
of the building and its contents, the degree of setback,
and desired recovery time; or may be assumed to be no
more than 30 percent for heating and 10 percent for
cooling of the steady-state design loads. The
steady-state load may include a safety factor in accor-
dance with Section 144(b)12.

(c) Power consumption of fans. Each fan system used for
comfort space conditioning shall meet the requirements of Item
1 or 2 below, as applicable. Total fan system power demand
equals the sum of the power demand of all fans in the system
that are required to operate at design conditions in order to sup-
ply air from the heating or cooling source to the conditioned
space, and to return it back to the source or to exhaust it to the
outdoors; however, total fan system power demand need not
include the additional power demand caused solely by air treat-
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ment or filtering systems with final pressure drops more than
245 pascals or 1-inch water column (only the energy accounted
for by the amount of pressure drop that is over 1 inch may be
excluded) or fan system power caused solely by process loads.

1. Constant volume fan systems. The total fan power
index at design conditions of each fan system with total
horsepower over 25 hp shall not exceed 0.8 watts per
cubic feet per minute of supply air.

2. Variable air volume (VAV) systems.

A. The total fan power index at design conditions of
each fan system with total horsepower over 25 hp
shall not exceed 1.25 watts per cubic feet per minute
of supply air; and

B. Individual VAV fans with motors 10 hp or larger
shall meet one of the following:

i.  The fan motor shall be driven by a mechanical or
electrical variable speed drive.

ii. The fan shall be a vane-axial fan with variable
pitch blades.

iii. For prescriptive compliance, the fan motor shall
include controls that limit the fan motor demand
to no more than 30 percent of the total design
wattage at 50 percent of design air volume when
static pressure set point equals '/3 of the total
design static pressure, based on certified manu-
facturer’s test data.

C. Static Pressure Sensor Location. Static pressure sen-
sors used to control variable air volume fans shall be
placed in a position such that the controller set point
is no greater than one-third the total design fan static
pressure, except for systems with zone reset control
complying with Section 144(c)2D. If this results in
the sensor being located downstream of major duct
splits, multiple sensors shall be installed in each
major branch with fan capacity controlled to satisfy
the sensor furthest below its setpoint.

D. Setpoint Reset. For systems with direct digital con-
trol of individual zone boxes reporting to the central
control panel, static pressure setpoint shall be reset
based on the zone requiring the most pressure; i.c.,
the setpoint is reset lower until one zone damper is
nearly wide open.

3. Air-treatment or filtering systems. For systems with
air-treatment or filtering systems, calculate the adjusted
fan power index using Equation 144-A:

EQUATION 144-A ADJUSTED FAN POWER INDEX

Adjusted fan power index = Fan power index x Fan adjust-

ment
. SP, -1
Fan adjustment =1 — z

SPy
where:
SP, = Airpressure drop across the air-treatment or filtering

system.

SPy = Total pressure drop across the fan.
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4. Fan motors of series fan-powered terminal units.
Fan motors of series fan-powered terminal units 1 hp or
less shall be electronically-commutated motors or shall
have a minimum motor efficiency of 70 percent when
rated in accordance with NEMA Standard MG 1 2006 at
full load rating conditions.

(d) Space-conditioning zone controls. Each space-condi-
tioning zone shall have controls that prevent:

1. Reheating; and

2. Recooling; and

3. Simultaneous provisions of heating and cooling to the
same zone, such as mixing or simultaneous supply of
air that has been previously mechanically heated and air
that has been previously cooled, either by cooling
equipment or by economizer systems.

Exception 1 to Section 144(d): Zones served by vari-
able air-volume systems that are designed and con-
trolled to reduce, to a minimum, the volume of
reheated, recooled or mixed air supply are allowed
only if the controls meet the following requirements:

A. For each zone with direct digital controls (DDC):

1. The volume of primary air that is reheated,
recooled, or mixed air supply shall not exceed
the larger of:

a. 50 percent of the peak primary airflow; or

b. The design zone outdoor airflow rate per
Section 121.

2. The primary airflow in the deadband shall not
exceed the larger of:

a. 20 percent of the peak primary airflow; or

b. The design zone outdoor airflow rate per
Section 121.

3. Airflow between deadband and full heating or
full cooling must be modulated.

B. For each zone without DDC, the volume of primary
airflow that is reheated, recooled, or mixed air sup-
ply shall not exceed the larger of the following:

1. 30 percent of the peak primary airflow; or

2. The design zone outdoor airflow rate per Sec-
tion 121.

Exception 2 to Section 144(d): Zones with spe-
cial pressurization relationships or cross-contami-
nation control needs.

Exception 3 to Section 144(d): Zones served by
space-conditioning systems in which at least 75
percent of the energy for reheating, or providing
warm air in mixing systems, is provided from a
site-recovered or site-solar energy source.

Exception 4 to Section 144(d): Zones in which
specific humidity levels are required to satisfy pro-
cess needs.

Exception 5 to Section 144(d): Zones with a peak
supply-air quantity of 300 cfm or less.

(e) Economizers.

1. Each individual cooling fan system that has a design

supply capacity over 2,500 cfm and a total mechanical
cooling capacity over 75,000 Btu/hr shall include
either:

A. An air economizer capable of modulating out-
side-air and return-air dampers to supply 100 per-
cent of the design supply air quantity as outside air;
or

B. A water economizer capable of providing 100 per-
cent of the expected system cooling load as calcu-
lated in accordance with a method approved by the
Commission, at outside air temperatures of 50°F
dry-bulb/45°F wet-bulb and below.

Exception 1 to Section 144(e)1: Where it can be
shown to the satisfaction of the enforcing agency
that special outside air filtration and treatment, for
the reduction and treatment of unusual outdoor
contaminants, makes compliance infeasible.

Exception 2 to Section 144(e)1: Where the use of
outdoor air for cooling will affect other systems,
such as humidification, dehumidification or super-
market refrigeration systems, so as to increase
overall building TDV energy use.

Exception 3 to Section 144(e)1: Systems serving
high-rise residential living quarters and
hotel/motel guest rooms.

Exception 4 to Section 144(e)1: Where it can be
shown to the satisfaction of the enforcing agency
that the use of outdoor air is detrimental to equip-
ment or materials in a space or room served by a
dedicated space-conditioning system, such as a
computer room or telecommunications equipment
room.

Exception 5 to Section 144(e)1: Where electri-
cally operated unitary air conditioners and heat
pumps have cooling efficiencies that meet or
exceed the efficiency requirements of Tables
144-A and 144-B.

2. If an economizer is required by subparagraph 1, it shall

be:

A. Designed and equipped with controls so that
economizer operation does not increase the building
heating energy use during normal operation; and

Exception to Section 144(e)2A: Systems that
provide 75 percent of the annual energy used for
mechanical heating from site-recovered energy or
a site-solar energy source.

B. Capable of providing partial cooling even when
additional mechanical cooling is required to meet
the remainder of the cooling load.

complying with Table 144-C.

(f) Supply air temperature reset controls. Mechanical
space-conditioning systems supplying heated or cooled air to
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3. Air economizers shall have high limit shutoff controls <



>

PERFORMANCE AND PRESCRIPTIVE COMPLIANCE APPROACHES FOR ACHIEVING ENERGY EFFICIENCY

multiple zones shall include controls that automatically reset
supply air temperatures:

1. In response to representative building loads or to out-
door air temperature; and

2. By at least 25 percent of the difference between the
design supply-air temperature and the design room air
temperature.

Air distribution systems serving zones that are likely to have
constant loads, such as interior zones, shall be designed for the
air flows resulting from the fully reset supply air temperature.

Exception 1 to Section 144(f): Systems that meet the
requirements of Section 144(d), without using Exception 1
or 2 to that section.

Exception 2 to Section 144(f): Where supply-air tempera-
ture reset would increase overall building energy use.

Exception 3 to Section 144(f): Zones in which specific
humidity levels are required to satisfy process needs.

(g) Electric resistance heating. Electric resistance heating
systems shall not be used for space heating.

Exception 1 to Section 144(g): Where an electric resis-
tance heating system supplements a heating system in which
at least 60 percent of the annual energy requirement is sup-
plied by site-solar or recovered energy.

Exception 2 to Section 144(g): Where an electric resis-
tance heating system supplements a heat pump heating sys-
tem, and the heating capacity of the heat pump is more than
75 percent of the design heating load calculated in accor-
dance with Section 144(a) at the design outdoor temperature
specified in Section 144(b)4.

Exception 3 to Section 144(g): Where the total capacity of
all electric resistance heating systems serving the entire
building is less than 10 percent of the total design output
capacity of all heating equipment serving the entire
building.

Exception 4 to Section 144(g): Where the total capacity of
all electric resistance heating systems serving the building,
excluding those allowed under Exception 2, is no more than
3 kW.

Exception 5 to Section 144(g): Where an electric resis-
tance heating system serves an entire building that is not a
high-rise residential or hotel/motel building; and has a con-
ditioned floor area no greater than 5,000 square feet; and has
no mechanical cooling; and is in an area where natural gas is
not currently available and an extension of a natural gas sys-
tem is impractical, as determined by the natural gas utility.

(h) Heat rejection systems.

1. General. Section 144(h) applies to heat rejection
equipment used in comfort cooling systems, such as

TABLE 144-A
ECONOMIZER TRADE-OFF TABLE FOR ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS
SIZE CATEGORY
CLIMATE ZONE >=760,000 > = 240,000 and < 760,000 >=135,000 and < 240,000 > = 65,000 and < 135,000
1 N/A N/A N/A N/A
2 N/A N/A N/A N/A
3 N/A N/A N/A N/A
4 11.9 (before 1/1/2010) 12.2 (before 1/1/2010) 12.4 (before 1/1/2010) N/A
12.5 (as of 1/1/2010) 12.9 (as of 1/1/2010) 14.1 (as of 1/1/2010)
S N/A N/A N/A N/A
6 N/A N/A N/A N/A
7 N/A N/A N/A N/A
3 11.9 (before 1/1/2010) 12.2 (before 1/1/2010) 12.4 (before 1/1/2010) N/A
12.5 (as of 1/1/2010) 12.9 (as of 1/1/2010) 14.1 (as of 1/1/2010)
9 11.6 (before 1/1/2010) 11.9 (before 1/1/2010) 12.1 (before 1/1/2010) N/A
12.2 (as of 1/1/2010) 12.5 (as of 1/1/2010) 13.7 (as of 1/1/2010)
10 11.4 (before 1/1/2010) 11.7 (before 1/1/2010) 11.9 (before 1/1/2010) 12.4 (before 1/1/2010)
12.0 (as of 1/1/2010) 12.3 (as of 1/1/2010) 13.5 (as of 1/1/2010) 13.5 (as of 1/1/2010)
11 11.5 (before 1/1/2010) 11.8 (before 1/1/2010) 12.0 (before 1/1/2010) N/A
12.1 (as 0f 1/1/2010) 12.4 (as of 1/1/2010) 13.6 (as of 1/1/2010)
12 11.7 (before 1/1/2010) 12.0 (before 1/1/2010) 12.2 (before 1/1/2010) N/A
12.3 (as of 1/1/2010) 12.6 (as of 1/1/2010) 13.8 (as of 1/1/2010)
13 11.2 (before 1/1/2010) 11.5 (before 1/1/2010) 11.7 (before 1/1/2010) 12.3 (before 1/1/2010)
11.8 (as of 1/1/2010) 12.1 (as of 1/1/2010) 13.3 (as of 1/1/2010) 13.4 (as of 1/1/2010)
14 11.7 (before 1/1/2010) 12.0 (before 1/1/2010) 12.2 (before 1/1/2010) NA
12.3 (as of 1/1/2010) 12.6 (as of 1/1/2010) 13.8 (as of 1/1/2010)
15 10.0 (before 1/1/2010) 10.4 (before 1/1/2010) 10.6 (before 1/1/2010) 11.3 (before 1/1/2010)
10.6 (as of 1/1/2010) 11.0 (as of 1/1/2010) 12.0 (as of 1/1/2010) 12.3 (as of 1/1/2010)
16 N/A N/A N/A N/A
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air-cooled condensers, open cooling towers, closed-cir-
cuit cooling towers and evaporative condensers.

. Fan speed control. Each fan powered by a motor of 7.5
hp (5.6 kW) or larger shall have the capability to oper-
ate 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 temperature or condensing
temperature/pressure of the heat rejection device.

Exception 1 to Section 144(h)2: Heat rejection
devices included as an integral part of the equipment
listed in Tables 112-A through 112-E.

Exception 2 to Section 144(h)2: Condenser fans
serving multiple refrigerant circuits.

Exception 3 to Section 144(h)2: Condenser fans
serving flooded condensers.

Exception 4 to Section 144(h)2: Up to one third of
the fans on a condenser or tower with multiple fans
where the lead fans comply with the speed control
requirement.

. Tower flow turndown. Open cooling towers config-
ured 