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Consider 
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Practice

Notes

FENESTRATION PRODUCTS AND EXTERIOR DOORS

116(a)2 

A fenestration product’s U-factor shall be rated in 

accordance with NFRC 100, or the applicable default 

Ufactor set forth in TABLE 116-A. (Exception: Skylights).



N/A



116(a)3 

A fenestration product’s SHGC shall be rated in 

accordance with NFRC 200 for site-built fenestration, or 

use the applicable default SHGC set forth in TABLE 116-B. 

(Exception: Skylights).



N/A



143(a)5.A



Total and west-facing window area shall be no greater 

than 40% of gross west facing exterior wall area or 6 

times the west facing display perimeter, whichever is 

greater



N/A



143(a)5.B-C

Windows shall have a U-factor and reflective solar heat 

gain no greater than the applicable value in TABLE 143-A, 

TABLE 143-B, or TABLE 143-C



N/A



143(a)6.A, B, 

C

Skylights shall have an area no greater than 5 percent of 

the gross exterior roof area; a U-factor no greater than in 

Table 143-A, 143-B or 143-C; a SHGC no greater than in 

Table 143-A, 143-B or 143-C.



N/A



115(a)5 

Before an occupancy permit is granted site-built 

fenestration products in other then low-rise residential 

buildings shall be certified as meeting the AR 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 fenestration product meets the acceptance 

requirements.



N/A


[image: image4.emf]JOINTS AND OTHER OPENINGS

117

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.



N/A



INSULATION AND ROOFING PRODUCTS

118(a) - 118 

(i)

Products must meet all the requirements of Section 118:

(a) Certification by Manufacturers

(b) Conditions of Installation of Urea Formaldehyde 

Insulation

(c ) Flame Spread Rating

(d) Installation of Insulation in Existing Buildings

(e) Placement of roof/ceiling insulation

(f) Demising Walls in Nonresidential Buildings

(g) Insulation Requirements for Heated Slab Floors must 

comply with Table 118-A

(h) Effective R-Vale of Wet Insulation Systems  must 

comply with Appendix JA4

(i) Roofing Products Solar Reflectance and Thermal 

Emittance must be certified and labeled according to 

Section 10-113.



N/A



143(a)1.C

Exterior roofs and ceilings must have an overall 

assembly U-factor no greater than the applicable value in 

TABLE 143-A, TABLE 143-B, or TABLE 143-C.



N/A



143(a)2



Exterior walls shall have an overall assembly U-factor no 

greater than the applicable value in TABLE 143-A, TABLE 

143-B, or TABLE 143-C.



N/A



LIGHTING 

143(a)4



External floors and soffits shall have an overall assembly 

U-factor no greater than the applicable value in TABLE 

143-A, TABLE 143-B, or TABLE 143-C.



N/A



LIGHTING CONTROL DEVICES, BALLASTS AND LUMINAIRES

119(d)

Occupant sensors, motion sensors, and vacancy ssensors 

shall be capable of automatically turning off all the 

lights in an area no more than 30 minutes after the area 

has been vacated.


[image: image5.emf]119(e)

Multi-level occupant sensors 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 multi-level and uniformity 

requirements. The first stage shall be capable of 

activating between 30-70 percent of the lighting power in 

a room either through an automatic or manual action, 

and may be a switching or dimming 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: activating the alternate set of lights, activating 

100 percent of the lighting power, deactivating all lights.



119(k)

Dimmers used to control lighting shall be capable of 

reducing power consumption by a minimum of 65 percent 

when the dimmer is at its lowest light level.



146(a)

The actual indoor lighting power of the proposed building 

area is the total watts of all planned permanent and 

portable lighting systems as calculated under subsection 

(a). This must be no greater than the allowed indoor 

lighting power calculated under subsection (c).



131(a)1

Each area enclosed by ceiling height partition shall have 

an independent switching or control device that is readily 

accessible, located so that a person using the device  can 

see the lights or area controlled by that switch, and be 

either manually operated or controlled by an occupancy 

sensor.



131(d)1

All indoor lighting systems for each floor shall have 

controls that shut the lights off automatically. Controls 

may be occupancy sensors, scheduled lighting control 

system, automatic time switch or other device capable of 

automatically shutting off the lighting.



131(d)4

Offices 250 square feet or smaller; multipurpose rooms 

of less than 1000 square feet, and classrooms and 

conference rooms of any size, shall be equipped with 

occupant sensor(s) to shut off the lighting.



119(m)

LEDs used as high efficacy for compliance shall meet the 

minimum requirements in Table 150-C.



131(b)

The general lighting of any enclosed space 100 sf or 

larger and has a lighting load that exceeds 0.8 W/sf, 

shall have multi level lighting controls (MLLC).  MLLC 

shall have at least one control step that is between 30% 

and 70% of design lighting power and allow power of all 

lights to be turned off manually.  Uniform level of 

illuminance shall be achieved by continuous or stepped 

dimming or switching alternate lamps in luminaires, 

alternate luminaires, and alternate rows of luminaires. 


[image: image6.emf]131(c )2.D

Automatic daylighting control devices shall be installed 

and configured to operate such that they are multi-level, 

including continuous, dimming and have at least one 

conrol step that is between 50% and 70% of rated power 

of controlled lighting.



150(k)7.A-B



High efficacy luminaires shall be switched separately 

from low efficacy luminaires, and exhaust fans switched 

separately from lights.



Best Practice

The locations of all photo sensors are shown on the plans.  

Height and position criteria are also shown.  Photo sensors 

are not installed in direct sunlight nor in direct light of 

lighting fixtures.



Best Practice

Specification defines the amount of light to be gathered by 

the photo sensor in relation to its location for the lighted 

surface and this matches the application. For example: if 5 

FC on the horizontal floor is the maintained lighting level 

and the sensor is  mounted 15 feet off the ground, the 

sensor must be capable of detecting 5 FC from floor at that 

distance.



Best Practice

Specifications state that sensor and dimming settings are 

set up and calibrated after furniture and final finishes and 

all lighting equipment are installed and operational.



DAYLIGHT CONTROLS

119(f)

Automatic daylighting control devices shall be capable of 

reducing the power consumption of the general lighting in 

the controlled area by at least t2/3 in response to 

daylight and shall reduce power in a manner to prevent 

flicker and premature light failure (if controlling 

incandescent or fluorescent lamps).



Best Practice

Requirements for time of day lighting level measurements 

are included in acceptance requirements.  Lighting level 

tests are required to be conducted at full sun, partial cloudy 

and full darkness.  



131(c )2.A

Primary sidelit and skylit daylight areas shall have at 

least one lighting control that controls at least 50 percent 

of the general lighting power in the primary sidelit and 

skylit daylight areas separately from other lighting in the 

enclosed space and controls luminaires in primary 

sidelit areas separately from skylit areas.



Best Practice

Control circuits are parallel to the daylight contours so that 

control “zones” match daylight availability and coverage 

patterns.  



Best Practice

Daylight dimming zones have consistent window/glazing 

types and orientation (e.g., a single zone should not 

include east and south facing glass or have a section of tall 

window-wall and another wall section of smaller windows).


[image: image7.emf]A complete step by step sequence of operation is included 

defining the lighting levels (max and min), zones, 

interaction with occupants, interaction with occupancy and 

time-clock controls, and interaction with lighting on-off or 

dimming switches.

Best Practice

Interface with BAS or other lighting control systems is 

defined and is fully compatible for all features of the 

sequence required.  Interface shown on lighting and 

controls drawings.



Best Practice

Any required start-up and lamp burn-in procedures are 

included in dimming control and electrical equipment 

specifications. Some lamp types have a significant 

degradation in light output when first installed and Some 

fluorescent lamps require a period of operation at full 

output prior to dimming to realize rated lamp life and 

output. pSpecifications should require programming of the 

dimming settings to be done after any required burn-in.



Best Practice

Daylight dimming controls are properly integrated with 

emergency fixtures, using separate ballasts for dimming 

and emergency backup. 



119(k)4-5

In a dimming circuit, other non-dimming switches shall 

not be able to override the dimmer and shall be capable 

of turning the circuit ON to the dimmed level and to OFF. 

Any dimmer in an emergency override function shall be 

controlled by the override and if the dimmer is a step 

dimmer it shall include an completely OFF position. 



RETAIL LIGHTING

131(e)

Floor and wall display, window display and case display 

lighting shall eaach be separately switched on circuits 20 

A or less.



131(g)

Retail stores with sales floors > 50,000 sf shall install 

demand responsive automatic lighting controls that 

uniformly  reduce lighting power by at least 15%.



OUTDOOR LIGHTING CONTROLS AND EQUIPMENT

132(a)

All permanently installed outdoor luminaires employing 

lamps rated over 100 watts shall have a lamp efficacy of 

at least 60 lumens per watt or be controlled by a motion 

sensor.



132( c)1

All permanently installed outdoor lighting shall be 

controlled by a photocontrol or astronomical time switch 

that automatically turns off the outdoor lighting when 

daylight is available.



Best Practice
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112(a)

Equipment shall meet the applicable requirements in 

Table 112-A through Table 112-M.



132( c)2

For lighting of building facades, parking lots, sales and 

non-sales canopies, all outdoor sales areas, and student 

pickup/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.



SERVICE HOT WATER HEATING

113(b)

Equipment shall meet the applicable requirements of the 

Appliance Efficiency Requirements as required by Section 

111.



113(c)2

SHW systems with circulating pumps or with electrical 

heat trace shall be capable of automatically turning off 

the system.



123

Pipe insulation meets section requirements.



Best Practice

Heat recovery chillers or bundles are incorporated for 

domestic hot water or low temperature heating water for 

space heating or for outdoor air pre-heating and heating 

coils designed for the lower temperature water.



Best Practice

In semi-arid climates, two-stage evaporative cooling has 

been evaluated in lieu of mechanical refrigeration.



HVAC EQUIPMENT SELECTION

144 (g)

Electric resistance heating systems shall not be used for 

space heating.



144 (i)

No more than 100 tons air-cooled chiller capacity for 

chilled water plants with more than 300 tons total 

capacity.

Best Practice

In drier climates and when large outdoor air fractions are 

required, evaporative pre-cooling packages were evaluated 

to pre-cool outside air and cool the air flowing over the DX 

condensing unit. Pre-cooled air is then dehumidified across 

the unitary cooling coil.
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Best Practice

Zone each air handler to serve only areas with common 

loads by time of day, e.g., cardinal perimeter faces of the 

building (or for smaller buildings group S; W and N; E), 

interior, etc., to allow more aggressive control and reset 

strategies and improve comfort. Have different AHU's 

serving core vs. perimeter areas.



The design accommodates partial occupancy energy 

savings when the owner’s requirements or narrative 

describe any possibility of partial occupancy, by zoning air 

handlers by floor or by part of a floor, or by incorporating 

controlled floor dampers, or VAV air terminals going totally 

shut when not occupied, etc. Override buttons limit the 

number of VAV boxes open to something less than the 

entire air handler.



DESIGN - EQUIPMENT SIZING

Mechanical heating and cooling equipment shall be the 

smallest size, within the available options of the desired 

equipment line, necessary to meet the design heating and 

cooling loads of the building, as calculated according to 

the requirements of Section 144(b).

144(a)



Best 

Practices 

(Central 

Plant Sizing)

The heating and cooling central plant equipment is 

designed to efficiently handle the smallest conceivable load 

without excessive cycling and without using inefficient 

techniques like hot gas bypass/reinjection.



Best 

Practices 

(Fan Sizing)

Fans appear to be correctly sized for application, 

accounting for a factor of safety, diversity and redundancy 

issues. The results of a quick cfm per square foot calculation 

appear reasonable. Calculations greater than 0.9 cfm/sf in 



122(a) and 

(b)

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).

1. Where used to control heating, thermostatic controls 

shall be capable of being set down to 55oF or lower.

2. Where used to control cooling, thermostatic controls 

shall be capable of being set up to 85oF or higher. 

3. Where used to control both comfort heating and 

cooling, thermostatic controls shall meet Items 1 and 2 

and shall be capable of providing a temperature range or 

dead band of at least 5oF.

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).



HVAC ZONING

Best Practice

CONTROLS


[image: image10.emf]Best Practice

Lighting occupancy sensors tie into the air terminal units 

and shut terminal dampers when not occupied, if this meets 

design intent. In such cases, unoccupied low and high limit 

controls are provided for perimeter zones.



144(d)

Space conditioning zone controls shall be provided (in 

each zone) to prevent  reheating, recooling and 

simultaneous heating and cooling.



122(f)

Outdoor air supply and exhaust equipment shall be 

installed with dampers that automatically close upon fan 

shutdown.



122(e)2.B

Shut off and reset controls for space conditioning 

systems shall automatically restart and temporarily 

operated the system as required to maintain a setup 

cooling thermostat setpoint if the system provides 

mechanical cooling.



122(e)2.A

Shut off and reset controls for space conditioning 

systems shall automatically restart and temporarily 

operated the system as required to maintain a setback 

heating thermostat setpoint if the system provides 

mechanical heating.



122(e)1

Each space conditioning system shall have controls that, 

shut off system during periods of nonuse with a manual 

override that allows operation for up to 4 hours, or an 

occupancy sensor, or a 4 hour timer. 



122(g)

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.



122 (h)

HVAC systems with DDC to the Zone level shall be 

programmed to allow centralized demand shed for non-

critical zones.



Best Practice

Corner office should always have their own thermostats 

and air terminal boxes and fin-tube radiators.



Best Practice

Multiple air terminal boxes in a single space (even when an 

open area) are served by a single thermostat, or multiple 

stats and boxes are controlled from a low, average or high 

select thermostat signal, to prevent fighting of terminals 

and simultaneous heating and cooling.



Best Practice

Each wall mounted thermostat is located away from 

potential sources that would adversely affect the reading 

(close to copiers, direct sunlight, below or above a supply 

air diffuser or convector, etc.). Compare thermostat location 

drawings with furniture layout drawings if available.  Each 

thermostat is located in an average representative location 

for the zone. Any thermostats mounted on exterior walls 

are installed in sealed and insulated junction boxes.
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Outside air temperature sensors should be in a 

commercially designed solar shield located on a north wall 

or some other location out of direct sunlight.



Best Practice

Control sequences and primary features to be set up are 

listed for equipment operated by all stand-alone packaged 

controls. Unoccupied sequences should be included.



Best Practice

Control sequences exist for each piece of equipment listed 

in the equipment schedule that is monitored or controlled 

by the building automation system (BAS). Unoccupied 

sequences should be included.



121( c)4.A-B

For each system with DCV, CO2 sensors  (located in the 

room between 3 ft and 6 ft above the floor or at the 

anticipated height of the occupants heads) shall be 

installed in each room that meets the criteria of Section 

121(c)3B with no less than one sensor per 10,000 ft² of 

floor space. When a zone or a space is served by more 

than one sensor, signal from any sensor indicating that 

CO2 is near or at the setpoint within a space, shall trigger 

an increase in ventilation to the space. 



DEMAND CONTROL VENTILATION (DCV)

121( c)3

HVAC systems with the following characteristics shall 

have demand ventilation controls: they have an 

economizer, serve a space with a design occupant 

density, or a maximum occupant load factor for egress 

purposes in the CBC, greater than or equal to 25 people 

per 1000 ft2 (40 square foot per person), and are either a 

single zone system with any controls or multiple zone 

system with DDC controls to the zone level.



121(b)2.A-B

Each space that is not naturally ventilated under Item 

121(b)1 A-B  shall be ventilated with a mechanical system 

capable of providing an outdoor air rate no less than the 

larger of the conditioned floor area of the space times the 

applicable ventilation rate from Table 121-A or 15 cfm 

per person times the number of occupants.



VENTILATION RATES

121(a)2

The outdoor air-ventilation rate and air-distribution 

assumptions made in the design of the ventilating system 

shall be clearly identified on the plans required by 

Section 10-103 of Title 24, Part 1.



Best Practice

The minimum and maximum outdoor air rates for each air 

handler are listed on the equipment schedules.



Best Practice

Heat recovery is specified on 100% OA systems (heat pipe, 

heat wheel, runaround).


[image: image12.emf]Duct branches with significantly differing static pressure 

requirements have volume control strategically placed to 

aid in TAB work.



Best Practice

Ducts utilize low static pressure design. Identify the most 

restrictive branch from the fan to the last air terminal unit. 

Identify possible means of significantly reducing the 

pressure drop. Branch duct systems are designed for equal 

pressure drop, when possible.



Best Practice

Duct friction rates are generally less than 0.25” WC per 100 

lineal feet nearer the fan, 0.15 to 0.20” in the main ducts 

and 0.08 to 0.12” WC /100’ nearer the end of the system. 

Designs over these rates should be questioned. Very energy 



Best Practice

Duct velocities are generally below 2,000 fpm for ducts in 

ceiling plenums, 1500 fpm for exposed ducts and 3500 fpm 

in mechanical rooms and non-noise sensitive shafts.



DUCT DESIGN

Best Practice

Outdoor and return air sensors are properly selected, 

properly located to provide accurate and repeatable 

measurements for controlling economizer operation. 

Averaging sensors cover the entire duct or coil face areas. 



Best Practice

Fans discharge into duct sections that remain straight for 

as long as possible (ideally 10 duct diameters) to reduce 

fan inefficiencies from system effects.



Best Practice



Best Practice

Barometric relief is used, if possible. If not, relief fans(rather 

than return fans) are used in most cases.



Best Practice

Economizer dampers are specified to be driven by direct 

drive actuators rather than rod linkages, which can be a 

major cause of economizer malfunction.



ALL HVAC SYSTEMS - ECONOMIZERS

144(e)

Economizers (water or air) are required on fan systems 

with a design supply capacity over 2,500 cfm and total 

mechanical cooling capacity over 75,000 Btu/hr



121( c)4.E

When the system is operating during hours of expected 

occupancy, the controls shall maintain system outdoor 

air ventilation rates no less than the rate listed in TABLE 

121-A times the conditioned floor area for spaces with 

CO2 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;
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5.410.2.4

Testing Scope. Requirements for functional test scope and 

procedural forms are reflected in the construction 

documents.



ACCEPTANCE AND COMMISSIONING

CALGREEN 

5.410.2

CX Specs. Commissioning measures in compliance with 

CALGreen 5.410 are reflected in the construction 

documents.



Best Practice

Turning vane symbols are shown on the drawings, but the 

key doesn't provide details. There are over 10 

configurations of turning vanes a contractor can pick from 

with a resulting pressure drop that varies by a factor of 4. 

Reference to SMACNA provides no definitive guidance. 

Please provide specific requirements in the drawings or 

specifications, ideally in the mid to energy efficient range of 

options. Normally they should be single width (layered), 

unless they need to be double width for structural reasons. 

If single width, a 2 inch radius and 1.5 inch spacing without 

a trailing edge is recommended over and has 66% lower 

pressure drop than 4.5 inch radius and 3.3 inch spacing 

(which as a 66% higher pressure drop). If using a 4.5 inch 

radius, it should have a trailing edge or decrease a spacing 

to 2.3 inches. If using double width vanes, a 2 inch radius 

and 2.2 inch spacing is recommended over, and has a 40% 

lower pressure drop than a 4.5 inch radius and 3.3 inch 

spacing (which has a 40% higher pressure drop).



125(a)

Acceptance requirements clearly identified in 

construction documents.



CONSTRUCTABILITY

Best Practice

Identify any constructability issues identified during Design 

Review:








