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IECC Efficiency Components
 Building Thermal Envelope
 Walls, roofs, fenestration (R-value, U-factor, SHGC)
 Air leakage control

 Mechanical Systems
 HVAC system sizing, efficiency, and controls
 Ventilation systems, fan power efficiency and controls

 Service Water Heating
 Equipment efficiencies and hot water delivery

 Electrical Power and Lighting Systems
 Lighting power density and controls
 Automatic receptacle control
 EV charging infrastructure



IECC Commercial Provisions

 Chapter 1 Scope and Administrative
 Chapter 2 Definitions
 Chapter 3 General Requirements
 Chapter 4 Commercial Energy Efficiency
 Chapter 5 Existing Buildings
 Chapter 6 Referenced Standards



 “Commercial buildings”, building site,  
associated systems and equipment.

 “Commercial buildings” include 
multifamily buildings (R-2) more than 
3 stories.

 For this code, “residential building” 
includes 1- and 2-family dwellings 
and multiple single-family dwellings 
(townhouses) and Group R-2, R-3 
and R-4 buildings 3 stories or less.

C101.2

Scope

International Energy Conservation Code

Presenter Notes
Presentation Notes
Residential buildings defined by IECC includes R-2, R-3, and R-4 buildings three stories or less in height above grade:R-2 is occupancies containing more than 2 dwelling units where the occupants are primarily permanent in nature, including apartments, boarding houses, dormitories, etc. (but not hotels/motels).  R-3 includes one- and two-family dwellings.R-4 includes residential care and assisted living facilities.R-2, 3, & 4 from IRC – conditioned attics, moisture/vapor barriers



Intent
 Regulate the design and construction of buildings for the use and 

conservation of energy over the life of each building
 Addresses the design of all building 

systems that affect the comfort of 
the occupants and their use of the 
building, including:
 Wall, roof and floor insulation
 Fenestration
 Cooling and heating systems
 Service hot water systems
 Lighting systems and controls
 Elevators and escalators

International Energy Conservation Code



Health, safety & public welfare benefits

 Reduced site energy, source energy and 
emissions

 Reduced transmission and distribution losses
 Reduced utility load and need to build new 

power generation plants and infrastructure
 Leverage for on-site renewable energy
 Carbon neutrality

Carbon Neutrality

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwir5piXn6PXAhUQ8GMKHY2BBoQQjRwIBw&url=https://www.stift-klosterneuburg.at/en/wine-estate-and-orchard/wineestate/carbon-neutrality/&psig=AOvVaw0RoX1MN0dJfzmAtdVarsO_&ust=1509825643186185


Mixed Residential and Commercial Buildings

C101.4.1

Where a building includes both residential and commercial, 
each portion shall be separately considered and meet the 
applicable provisions of the IECC-Residential and IECC-
Commercial

Presenter Notes
Presentation Notes
The residential and commercial occupancies fall under two different scopes.  Thus, two compliance submittals must be prepared using the appropriate calculations and forms from the respective codes for each.



Information on construction documents
 Energy compliance path
 Insulation materials and their R-Values
 Fenestration U-factors and SHGC
 Area-weighted U-factors and SHGC calculations
 Mechanical system design criteria, equipment types, sizes and 

efficiencies
 Equipment and system controls
 Duct sealing, duct and pipe insulation and location
 Lighting fixture schedule with wattage and controls
 Location of daylight zones on floor plans
 Air barrier and air sealing details

C103.2 



 Top 10 2021 Energy Code Changes
1. Thermal envelope/air leakage (not TI)
2. Cool roofs for low slope roofs (not TI)
3. Demand control ventilation and energy recovery
4. Automatic HVAC controls in hotel guestrooms
5. Lighting controls and power allowance
6. Automatic receptacle control in offices (not TI)
7. EV capable charging infrastructure (not TI)
8. Rooftop solar-ready zones (not TI)
9. Additional efficiency requirement options (not TI)
10.Commissioning of mechanical and lighting systems

IECC for Multifamily and Commercial

“not TI” means not applicable for tenant improvement and remodeling projects.



IECC Commercial Provisions

 Chapter 1 Scope and Administrative
 Chapter 2 Definitions
 Chapter 3 General Requirements
 Chapter 4 Commercial Energy Efficiency
 Chapter 5 Existing Buildings
 Chapter 6 Referenced Standards



 Scope and Application
 Section C401 – Prescriptive or Total Building Performance or ASHRAE 90.1

 Mandatory and Prescriptive Path Provisions
 Section C402 - Building Envelope
 Section C403 - Mechanical Systems
 Section C404 - Service Water Heating
 Section C405 - Electrical Power and Lighting
 Section C406 – Additional Efficiency Packages

 Performance Path
 Section C407 – Total Building Performance

 Commissioning
 Section C408 - System Commissioning

Chapter 4 – Energy Efficiency Requirements



2021 IECC
Mandatory &
Prescriptive

• C402 – Envelope
• Tables or UA trade-off
•  Air leakage

• C403 – Mechanical
• C404 – SWH
• C405 – Lighting
• C406 - Additional 

Efficiency Requirements
• HVAC upgrade
• Lighting upgrade
• Enhanced light controls
• On-site renewable
• Water heating upgrade
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Choose Compliance Path

90.1-2019
Mandatory &
Performance

3

2021 IECC
Mandatory &
Performance

• C407 – Total Building 
Performance

• C402.5 – Air leakage
• C403.2 – Mechanical 
• C404 – SWH
• C405 – Lighting Controls
• Building energy cost to
     be ≤ 80% of reference

Presenter Notes
Presentation Notes
Prescriptive compliance path has two envelope options:Prescriptive Tables orComponent Performance Alternative (Total UA trade-off) – C402.1.5ASHRAE 90.1 must be used in its entirety (Envelope, Lighting, Mechanical) if used as an alternate compliance path



www.energycodes.gov

 COMcheck can show compliance through the trade-off, 
mandatory and prescriptive approach
 Thermal envelope

 Trade-off thermal components
 Mechanical systems

 Mandatory/Prescriptive
 Service Water Heating

 Mandatory/Prescriptive
 Lighting

 Lighting power allowance

Prescriptive Compliance Path
Thermal Envelope Component Trade-Off

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiM0ffI-PrVAhUK6WMKHWxqBesQjRwIBw&url=https://www.energycodes.gov/resource-center/ACE/compliance/step5&psig=AFQjCNHB-OmlRj7n6zv5CUZn3FU4yvmOQA&ust=1504044485555585


 Scope and Application
 Section C401 – Prescriptive or Total Building Performance or ASHRAE 90.1

 Mandatory and Prescriptive Path Provisions
 Section C402 - Building Envelope
 Section C403 - Mechanical Systems
 Section C404 - Service Water Heating
 Section C405 - Electrical Power and Lighting
 Section C406 – Additional Efficiency Packages

 Performance Path
 Section C407 – Total Building Performance

 Commissioning
 Section C408 - System Commissioning

Chapter 4 – Energy Efficiency Requirements



Source: US DOE

Building thermal envelope requirements

 Roof/ceiling assemblies
 Wall assemblies
 Below grade walls
 Floor assemblies over 

unconditioned space
 Slab edge
 Vertical fenestration and 

skylights



Design decisions have long-term 
consequences for energy efficiency
 Tight thermal envelope and efficient windows coupled 

with an efficient lighting system will significantly reduce 
summer heat gain.

Presenter Notes
Presentation Notes
Efficiency by Design: Codes and ArchitectureArchitects need to design buildings that achieves optimal energy performance within the building owner’s budget.Complying with a building energy code is an additional challenge and affects the design of all building systems (e.g., building envelope, heating, ventilation, and air conditioning (HVAC), and lighting). Complying with energy codes also affects the materials selected for the building by requiring, for example, glazing with correct efficiencies, proper insulation levels, and lighting controls that meet the intent of the code.To minimize the first cost for the project, the architect must work collaboratively with the HVAC and lighting designer to optimize the building design and take advantage of the increased efficiencies in the building. For example, increased insulation levels and efficient windows coupled with an efficient lighting system will reduce the heat loss from the building and heat gain from the lighting system. With such efficiencies in place, the HVAC contractor can optimize the heating and cooling system to reduce the higher first costs of the building’s increased efficiencies. The benefit for the building owner is reduced utility bills for the life of the building.



The building envelope is the most significant 
component that outlasts all other building systems

Imagine the energy savings if these buildings were insulated to today’s standards.

Flatiron Building
New York City - 1902
Stone - 123 years

Seagram Building
New York City -1958

Glass & Steel - 67 years

Federal Courthouse
Phoenix -2000

Glass & Steel - 25 years

Presenter Notes
Presentation Notes
None of these buildings were effectively insulated. Imagine the energy savings if these buildings were insulated to today’s standards. For better or worst, building envelopes often endure for centuries (passive survivability) – along with the long-term consequences of their deficiencies.

http://upload.wikimedia.org/wikipedia/commons/a/a9/Flatiron_crop_20040522_114306_1.jpg


Thermal Envelope Certificate – C401.3

 A permanent thermal certificate shall 
be completed by the builder or other 
approved party and posted on a wall 
in the space where the furnace is 
located, a utility room or other 
approved location:
1. R-values of insulation in or on ceilings, 

roofs and walls.
2. U-factors and solar heat gain coefficient.
3. Results from any building envelope air 

leakage testing.
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Plan Review Correction Stamp



Building envelope: Low energy buildings 
Exceptions

 Peak design rate of energy usage less than 3.4 Btu/h-ft2 or 1 
watt/ft2 for space conditioning

 Buildings that do not contain conditioned space
 Greenhouse structures

C402.1.1 
Lonestar Custom Barns

Presenter Notes
Presentation Notes
  Very low energy use building  This includes only space conditioning  An unconditioned basement is an example of an unconditioned space  Buildings designated as historic  National/state/local historical register  Some jurisdictions may still require additions to these structures to comply with the energy code.Change in occupancies may apply



Building thermal envelope
Tables separated by occupancy type
 Group R occupancies use “Group R” high rise column
 Non-Group R occupancies use “all other” column

Tables C402.1.3 & C402.1.4

Presenter Notes
Presentation Notes
Insulation and fenestration criteria. The building thermal envelope shall meet the requirements of Tables 402.1.3 and 402.1.4 based on the climate zone specified in Chapter 3. Commercial buildings or portions of commercial buildings enclosing Group R occupancies shall use the R-values from the “Group R” column of Table 402.1.3. Commercial buildings or portions of commercial buildings enclosing occupancies other than Group R shall use the R-values from the “All other” column of Table 402.1.3. Buildings with a vertical fenestration area or skylight area that exceeds that allowed in Table 402.4 shall comply with the building envelope provisions of ASHRAE/IESNA90.1.U-factor alternative. An assembly with a U-factor, C-factor, or F-factor equal or less than that specified in Table 402.1.2 shall be permitted as an alternative to the R-value in Table 402.2.2. Commercial buildings or portions of commercial buildings enclosing Group R occupancies shall use the U-factor, C-factor, or F-factor from the “Group R” column of Table 402.1.2. Commercial buildings or portions of commercial buildings enclosing occupancies other than Group R shall use the U-factor, C-factor or F-factor from the “All other” column of Table 402.1.2.



Table C402.1.3 (R-Value)

Building thermal envelope 
Prescriptive: R-value table



Table C402.1.4 (U-Factor)

Building thermal envelope
Prescriptive: U-factor, C-factor, F-factor Table



Building thermal envelope
Prescriptive: Roof R-value and U-factor
Roof R-values and U-factor requirements are based on 
assembly type and insulation placement

 Insulation entirely above deck
 Attic space between joists
 Metal building
 Metal framing cavities
 Wood framing cavities
 Mass
 Heated or unheated slabs

C402.1.3 (R-Value) and C402.1.4 (U-Factor)

Presenter Notes
Presentation Notes
Each type discussed in following slides.



Climate 
Zone

1 2 3 4
Except Marine

5
And Marine 4 6

Other R Other R Other R Other R Other R Other R

Insulation 
entirely above 
deck

R-20ci R-20ci R-25ci R-25ci R-20ci R-20ci R-25ci R-25ci R-25ci R-25ci R-30ci R-30ci

Metal 
buildingsab 
(with  thermal 
spacer block)

R-19 + 
R-11 LS

R-19 + 
R-11 LS

R-19 + 
R-11 LS

R-19 + 
R-11 LS

R-19 + 
R-11 
LS

R-19 + 
R-11 LS

R-19 + 
R-11 
LS

R-19 + 
R-11 LS

R-19 + 
R-11 LS

R-19 + 
R-11 
LS

R-25 + 
R-11 LS

R-25 + 
R-11 LS

Attic and 
other R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-48 R-49 R-49

Table C402.1.3 - Roofs

Table C402.1.3

ci = Continuous Insulation LS = Liner System

Building thermal envelope
R-value: Roof insulation



Table C402.1.3

Liner System – continuous vapor barrier 
membrane installed below the purlins 
with unfaced insulation placed on top of 
the liner membrane between the purlins

Building thermal envelope
R-value: Roof insulation

 Metal buildings require thermal blocks and liner system

http://www.google.com/url?sa=i&rct=j&q=metal%20building%20roof%20insulation%20liner%20system&source=images&cd=&cad=rja&docid=qusnNSHjU9n-5M&tbnid=6_mMi9oglm4qPM:&ved=0CAUQjRw&url=http://www.standardsteelbuildings.com/learn-more-components&ei=4hQUUrjILsbuyAGtnoDYDA&bvm=bv.50952593,d.aWc&psig=AFQjCNFLxwqBaOYSnOk20nBPj9I7fRd63Q&ust=1377134002907879


Building thermal envelope
R-value: Roof insulation

Dropped CeilingDropped Ceiling

• Insulation placed on suspended ceiling 
with removable ceiling tiles
Will not count for code compliance
Will not comply with Section 402.5.1,  

continuous air barrier

C402.2.2

Presenter Notes
Presentation Notes
For buildings with suspended ceilings, the roof insulation is installed either directly under the roof sheathing, on-top of the roof deck or on a sealed sheetrock ceiling with the suspended ceiling located below it.



Climate 
Zone

1 2 3 4
Except Marine

5
And Marine 4 6

Other R Other R Other R Other R Other R Other R

Mass R-5.7ci R-5.7ci R-5.7ci R-7.6ci R-7.6ci R-9.5ci R-9.5ci R-11.4ci R-11.4ci R-13.3ci R-13.3ci R-15.2ci

Metal 
building

R-13 +
R-6.5ci

R-13 +
R-6.5ci

R-13 +
R-6.5ci

R-13 +
R-13ci

R-13 +
R-6.5ci

R-13 +
R-13ci

R-13 +
R-13ci

R-13 +
R-13ci

R-13 +
R-13ci

R-13 +
13ci

R-13 +
13ci

R-13 +
13ci

Metal 
Framed R-13 +

R-5ci
R-13 +
R-5ci

R-13 +
R-5ci

R-13 +
R-7.5ci

R-13 +
R-7.5ci

R-13 +
R-7.5ci

R-13 +
R-7.5ci

R-13 +
R-7.5ci

R-13 +
R-7.5ci

R-13 +
R-7.5ci

R-13 +
R-7.5ci

R-13 +
R-7.5ci

Wood 
Framed & 
Other

R-13 +
R-3.8ci 
or R-20

R-13 +
R-3.8ci 
or R-20

R-13 +
R-3.8ci 
or R-20

R-13 +
R-3.8ci 
or R-20

R-13 +
R-3.8ci 
or R-20

R-13 +
R-3.8ci 
or R-20

R-13 +
R-3.8ci 
or R-20

R-13 +
R-3.8ci 
or R-20

R-13 +
R-3.8ci 
or R-20

R-13 +
R-3.8ci 
or R-20 

+ R-
3.8ci 

R-13 +
R-3.8ci or 
R-20 + R-

3.8ci 

R-13 +
R-3.8ci 
or R-20 

+ R-
3.8ci 

Table C402.1.3 - Walls,  Above Grade

Table C402.1.3

Building thermal envelope
R-value: Framed wall insulation

Presenter Notes
Presentation Notes
Above-grade walls are those walls covered by Section 402.1.3 on the exterior of the building and completely above grade or walls that are more than 15 percent above grade.The minimum thermal resistance (R-value) of the insulating material(s) installed in the wall cavity between the framing members and continuously on the walls are to be as specified in Table 402.1.3, based on the type of framing and materials used in the wall assembly construction.“Mass walls” include walls weighing at least (1) 35 pounds per square foot (170 kg/m2) of wall surface area or (2) 25 pounds per square foot (120 kg/m2) of wall surface area given that the material weight is no more than 120 pounds per cubic foot (1900 kg/m3).



Building thermal envelope
Wood and metal framed walls

 Continuous insulation (ci) not 
broken up by framing members e.g., 
rigid board insulation

 Cavity insulation or cavity plus 
continuous insulation (ci)

Table C402.1.3



Climate 
Zone

1 2 3 4
Except Marine

5
And Marine 4 6

Other R Other R Other R Other R Other R Other R

Non-
Sliding U- 0.31 U- 0.31 U-0.31 U-0.31 R- 0.31 U-0.31 U-0.31 R- 0.31 R- 0.31 R- 0.31 R- 0.31 R- 0.31

Swinging U-0.37 U-0.37 U-0.37 U-0.37 U-0.37 U-0.37 U-0.37 U-0.37 U-0.37 U-0.37 U-0.37 U-0.37

Table C402.1.4

Table C402.1.4 - Opaque Doors

Building thermal envelope
Opaque doors

Presenter Notes
Presentation Notes
Opaque doors. Doors having less than 50 percent glass area, also referred to as Opaque doors, needs to meet the applicable requirements for doors as specified in Table 402.2.2 and be considered as part of the gross area of above-grade walls, all part of the building envelope.
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Low Slope roofs (less than 2 in 12 slope) – C402.3

 Minimum solar reflectance index (SRI) of 64 over conditioned 
and non-conditioned spaces

Cool/Light Reflective Coated Roofs

 Required under both prescriptive 
and performance compliance paths

Table C402.3
Minimum Roof Reflectance and Emittance Options

1. Three-year aged solar reflectance of 0.55 and three-year aged 
thermal emittance of 0.75

2. Three-year-aged solar reflectance index of 64
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Prescriptive Compliance Path
Maximum Vertical Fenestration

 Percentage of vertical fenestra-
tion area to gross above-grade 
wall area
 30% max. of above grade wall area
 40% max. with daylight responsive 

controls in climate zones 0 to 6:
 Not less than 50% of floor area shall 

be within a daylight zone for 
buildings two stories or less

 Not less than 25% of floor area shall 
be within a daylight zone for for 
buildings three or more stories

C402.4.1 and C402.4.1.1 – Prescriptive (Max Area)

Presenter Notes
Presentation Notes
If > 40%, cannot use prescriptive table to demonstrate complianceThis threshold also applies when showing compliance using COMcheck.Note:  this building may be >40%.



Percentage of skylight to gross roof area
Allowed up to 3% of roof area
Allowed up to 5% with daylight 

responsive controls installed in 
daylight zones under skylights

C402.4.1 and 402.4.1.2 – Prescriptive

Building thermal envelope
Prescriptive: Maximum skylight area



Minimum skylight fenestration area required

C402.4.2 – Prescriptive

Building thermal envelope
Prescriptive: Skylight requirement

Exceptions: 1. Climate Zones 6-8
                    2. Spaces where lighting power densities are less than 0.5 W/ft2

Enclosed spaces greater than 2,500 sq. 
ft. under a roof with ceiling heights 
greater than 15 feet

Office, lobby, atrium, concourse, 
corridor, storage, gymnasium, exercise 
center, convention center, automotive 
service, manufacturing, non-refrigerated 
warehouse, retail

 Total daylight zone under skylights shall 
be not less than half the floor area



Building thermal envelope
Daylight zone under skylights
 Area under skylights whose horizontal dimension, in each 

direction, is equal to the skylight dimension plus either:
 0.7 times ceiling height, or the distance to a ceiling height partition



Table C402.4 - Building Envelope Fenestration Requirements

Building thermal envelope
Prescriptive: Fenestration

Climate Zone 1 2 3 4
Except Marine

Vertical Fenestration

U-Factor

Fixed 
fenestration 0.50 0.45 0.42 0.36

Operable 
fenestration 0.62 0.60 0.54 0.45

Entrance doors 0.83 0.77 0.68 0.63

SHGC

Fixed Operable Fixed Operable Fixed Operable Fixed Operable

PF < 0.2 0.23 0.21 0.25 0.23 0.25 0.23 0.36 0.33

0.2 ≤ PF < 0.5 0.28 0.25 0.30 0.28 0.30 0.28 0.43 0.40

PF ≥ 0.5 0.37 0.34 0.40 0.37 0.40 0.37 0.58 0.53

Skylights

U-Factor 0.70 0.65 0.55 0.50

SHGC 0.30 0.30 0.30 0.40



Table C402.4 SHGC - Overhangs allow for a higher SHGC

Climate Zone 0 and 1 2 3 4
Except Marine

Vertical Fenestration
SHGC

Fixed Operable Fixed Operable Fixed Operable Fixed Operable

PF < 0.2 0.23 0.21 0.25 0.23 0.25 0.23 0.36 0.33

0.2 ≤ PF < 0.5 0.28 0.25 0.30 0.28 0.30 0.28 0.43 0.40

PF ≥ 0.5 0.37 0.34 0.40 0.37 0.40 0.37 0.58 0.53

Building thermal envelope
Fenestration SHGC Adjustment

Presenter Notes
Presentation Notes
Where different windows or glass doors have different projection factors, they shall each be evaluated separately.PF = A/B (Equation 5-1)where:PF = Projection factor (decimal).A = Distance measured horizontally from the furthest continuous extremity of any overhang, eave, or permanentlyattached shading device to the vertical surface of the glazing.B = Distance measured vertically from the bottom of the glazing to the underside of the overhang, eave, or permanentlyattached shading device.



Example
 A new building has fixed fenestration in CZ 2
 What is the max. U-factor value? 0.45
 What is the max. SHGC value based the following overhang 

dimensions? 0.37

A = 4 feet
B = 8 feet 

Overhangs allow for a higher SHGC

PF = 4/8 = 0.5
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Air Leakage - Thermal Envelope – C402.5

 Air Barrier Compliance
 Required for climate zone 2B (IgCC)
 Air barrier materials and assemblies
 Inspection of continuous air barrier installation
 Final inspection report by a registered design 

professional or approved agency
   - or -
 Air Leakage Testing of Thermal Envelope
 Measured air leakage shall not exceed 0.40 cfm/ft2 

of the building thermal envelope area.



Source: US DOE

Requirements for sealing the building envelope



402.5.4 through 402.5.11

Building thermal envelope
Mandatory: Air leakage

 Fenestration
 Rooms containing fuel-burning appliances
 Doors and access openings to shafts, chutes, stairways, and elevator 

lobbies
 Air intakes and exhaust openings
 Loading dock weather seals
 Recessed lighting
 Operable openings interlocking
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Building Envelope 
Performance Verification 
IECC C402.5.1.5



 Scope and Application
 Section C401 – Prescriptive or Total Building Performance or ASHRAE 90.1

 Mandatory and Prescriptive Path Provisions
 Section C402 - Building Envelope
 Section C403 - Mechanical Systems
 Section C404 - Service Water Heating
 Section C405 - Electrical Power and Lighting
 Section C406 – Additional Efficiency Packages

 Performance Path
 Section C407 – Total Building Performance

 Commissioning
 Section C408 - System Commissioning

Chapter 4 – Energy Efficiency Requirements



C403.1.1 Mandatory

Calculation of Heating and Cooling Loads
ASHRAE/ACCA Standard 183 
 Exterior design conditions
 Specified by ASHRAE

 Interior design conditions
 Specified by section C302
 ≤ 72°F for heating load
 ≥ 75°F for cooling load

 HVAC manufacturer programs
 Trane TRACE (Trane Air Conditioning 

Economics)
 Carrier HAP (Hourly Analysis Program)

Presenter Notes
Presentation Notes
ASHRAE/ACCA Standard 183 is a change from the 2006 IECCFocus on value more than change of requirement.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj5i-7c09HQAhXExFQKHUAXBk0QjRwIBw&url=http://www.contractorresource.com/ashrae-183-2007-r2011/&psig=AFQjCNH2AuC5T4CrOcoLDDsSil-jHtselg&ust=1480635456682713


Heating and Cooling Loads
• Heat Gains

– Solar thru windows/walls
– Summer transfer/infiltration
– Internal

• Electric Use, Lighting
• Body Heat

• Heat Loss
– Air Leaks (Infiltration)
– Transfer (conduction & radiant) through 

• Walls
• Roofs
• Floor
• Windows

• Difference made up by
– Heater or Air Conditioner

Ventilation shall be provided in accordance with 
Chapter 4 of International Mechanical Code (IMC)



Equipment and system size
 HVAC capacity shall not exceed calculated loads
 Select the system which serves the greater load between heating 

or cooling

C403.2 Mandatory

Presenter Notes
Presentation Notes
Why?For simple constant volume equipment, fan energy use will be significantly higher because fans must run constantly to provide ventilationFor larger multiple-zone VAV systems, fan and reheat energy use will be higher because the turndown of oversized zone boxes is limited.

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwj2seG-lPvVAhVILmMKHUUlC-gQjRwIBw&url=https://www.slideshare.net/quillshare/heat-load-calc&psig=AFQjCNHFsi9s5GrPXeWabtHPfaLKpxUOzg&ust=1504052005267187


HVAC equipment performance requirements
 All equipment must meet minimum efficiency requirements of 

tables
 National Appliance Energy 

Conservation Act (NAECA)

C403.3.2 Mandatory Minimum Efficiency

Presenter Notes
Presentation Notes
There are 6 tables based on type of equipment.  The efficiency to be verified through certification under an approved certification program or, if no certification program exists, the equipment efficiency ratings shall be supported by data furnished by the manufacturer. Where multiple rating conditions or performance requirements are provided, the equipment shall satisfy all stated requirements. Water-cooled centrifugal water-chilling packages not designed for operation at ARHI Standard 550/590 test conditions of 44°F (7°C) leaving chilled water temperature and 85°F (29°C) entering condenser water temperature with 3 gpm/ton (0.054 I/s.kW) condenser water flow shall have maximum full load and NPLV ratings adjusted using the equations in the code.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwj-r47yl_vVAhVY0WMKHQuMCRsQjRwIBw&url=http://www.arcoaire.com/en/us/buying-guide/savings-difference/&psig=AFQjCNF-WlkCqIHCt_adDLR279kBvqEVOQ&ust=1504052913108146
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwif8_u0mfvVAhVO8GMKHdCiAuYQjRwIBw&url=http://www.acdoctor.com/blog/seer-rating/&psig=AFQjCNEFjPzXLfuKJCXO16PuIrD1G7QS5Q&ust=1504053319165711


Equipment efficiency – Unitary AC units, 
condensing units, heat pumps
 Tables C403.3.2(1) thru 

C403.3.2(16)
 Tables for each system type 
 Efficiency ratings
 Cooling: SEER vs. EER 

vs. IEER vs. COP
 Heat pump heating: 

HSPF vs. COP
 Furnace: AFUE vs. Et

IEER – Integrated energy efficiency ratio
COP – Coefficient of performance
HSPF – Heating seasonal performance factor
AFUE – Annual fuel utilization efficiency
Et – Thermal efficiency



Equipment efficiency – Boilers and chillers

Air-cooled chiller
Source: http://www.trane.com/commercial/north-
america/us/en/products-systems/equipment/chillers/air-cooled-
chillers.html

 Tables C403.3.2(1) thru 
C403.3.2(16)

 Boiler efficiency
 Chiller efficiency

 Full Load and IPLV (Integrated Part Load 
Value)

 Heat rejection efficiency



HVAC system controls
Supply of heating and cooling to each 

zone shall be controlled by individual 
thermostatic controls
Thermostats shall provide a 

temperature range or deadband of at 
least a 5° F within which the supply of 
heating and cooling to the zone is shut 
off or reduced to a minimum

C403.2.4.1 - Mandatory

Presenter Notes
Presentation Notes
Energy Star recommended factory default setpoints of:Heating  70°FCooling  78°F
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Full 5 degree temperature deadband
 If heating is set at 70°F, then 

cooling should be ≥ 75°F
 Why?
 Simple systems can fight each other 

in open office areas
 VAV systems have excessive reheat 

if settings are too tight
 ENERGY STAR recommended 

factory default setpoints of:
 Heating  70°F
 Cooling  78°F

Source: http://oscac.com/what-you-need-to-know-about-programmable-thermostat/

Source: www.AutomatedLogic.com



Temperature setback scheduling
 Thermostatic setback capabilities

 Down to 55°F during winter
 Up to 85°F during the summer

 Automatic setback, shutdown, start-up
 Capable of seven different daily schedules per week
 Manual override for two hours or occupancy sensor
 Capable of adjusting daily start time to bring each space to desired occupied 

temperature prior to scheduled occupancy

Source: http://docplayer.net/5893734-Chapter-5-introduction-to-building-automation-system-bas.html

Energy Myth:
Setback does not save energy 
because it takes so long to 
warm up in the morning
Not true: 
Savings can be 5%-20% of 
HVAC energy Use

C403.2.4.2.1, 403.2.4.2.2, C403.2.4.2.3 - Mandatory



Economizers provide “free cooling”
 Economizer function: Flush out building heat with cool outside air
 Meet minimum outside ventilation requirement  

Ventilation Air Economizer 

C403.5 - Prescriptive



 Economizer requirements are based on climate zone
 Capable of providing 100-percent outdoor air even if 

additional mechanical cooling is required

C403.5 - Prescriptive

Temperature sensors for 
outside air, supply air and 
return air

Must provide a means to 
relieve excess outdoor air 

Economizers

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



C403.5 Economizers.  An air or water economizer shall be provided for 
the following cooling systems. 
• Individual fan systems with a cooling capacity greater than or equal to 54,000 Btu/h 

in buildings having other thana Group R occupancy.
• Individual fan systems with a cooling capacity greater than or equal to 270,000 

Btu/h in buildings having a Group R occupancy.

Economizers

C403.5 - Prescriptive

Exceptions:
• Systems expected to 

operate less than 20 
hours per week

• Systems serving 
supermarkets with open 
refrigerated casework
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Demand Control Ventilation – C403.7.1

 Required for spaces larger than 
500 sf and with an average 
occupant load of 15 people or 
greater per 1,000 sf of floor area
 Exceptions include -
 Systems with an energy 

recovery per C403.7.4.2
 Education laboratories, barber, 

beauty and nail salons, bowling 
alley seating areas
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Energy Recovery Systems – C403.7.4
 Non-transient dwelling units
 Exceptions:
 Dwelling units not more than 500 

sq. ft. of conditioned floor area
 Spaces other than non-transient 

dwelling units
 Required where supply airflow rate of 

fan system exceeds values specified 
in Tables C403.7.4.2(1) and (2)

 Exceptions:
 Systems expected to operate less than 

20 hours per week
 Commercial kitchen hoods



Automatic HVAC System Controls in 
Hotel Guestrooms – C403.7.6

 Group R-1 buildings containing more than 50 guestrooms
 Temperature setpoint control on each HVAC system that are 

capable of and configured with three modes of temperature control
 Rented but unoccupied
 Unrented and unoccupied
 Occupied 

 Ventilation controls
 Automatically turn off ventilation and 

exhaust fans within 30 minutes of 
occupants leaving the guestroom

Networked guestroom control system



Duct and plenum insulation and sealing

 Insulation required for supply and return ducts and 
plenums
 Located in building in unconditioned space – min. R-6
 Located outside building – min. R-8 (CZ1-4) and R-12 (CZ5-8)

Exceptions:
1. When located within equipment
2. When design temperature difference 

between interior and exterior of the duct or 
plenum is not greater than 15º F

C403.12.1 - Mandatory

Presenter Notes
Presentation Notes
When located within a building  envelope assembly, the duct or plenum shall be separated from the building exterior or unconditioned or exempt spaces by a minimum of R-8 insulation.All ducts, air handlers and filter boxes shall be sealed. Joints and seams shall comply with Section 603.9 of the International Mechanical Code.



Source: US DOE

Duct insulation



Piping insulation
 All piping serving heating or cooling system must 

be insulated in accordance with Table 403.12.3

Presenter Notes
Presentation Notes
Exceptions to pipe insulation: Factory-installed piping within HVAC equipment tested and rated in accordance with a procedure referenced by code. Factory-installed piping within room fan-coils and unit ventilators tested and rated according to AHRI 440 & 840. Piping that conveys fluids that have a design operating temperature range between 60°F and 105°F. Piping that conveys fluids that have not been heated or cooled through the use of fossil fuels or electric power. Strainers, control valves, and balancing valves associated with piping 1 inch or less in diameter. Direct buried piping that conveys fluids at or below 60°F.



Exceptions to pipe insulation:
1. Factory-installed piping within HVAC equipment tested and rated in accordance with 

a procedure referenced by code
2. Factory-installed piping within room fan-coils and unit ventilators tested and rated 

according to AHRI 440 & 840
3. Piping that conveys fluids that have a design operating temperature range between 

60°F and 105°F
4. Piping that conveys fluids that have not been heated or cooled through the use of 

fossil fuels or electric power
5. Strainers, control valves, and balancing valves associated with piping 1 inch or less in 

diameter
6. Direct buried piping that conveys fluids at or below 60°F

C403.2.10 - Mandatory

Piping insulation



Fan efficiency
 Fans shall have a fan efficiency grade (FEG) of not less than 67. 
 The total efficiency of the fan at the design point of operation 

shall be within 15 percentage points of the maximum total 
efficiency of the fan.

ebmpapst

C403.8.3 - Mandatory

Exceptions:
– Fans of 5 HP or less
– Fans that are a part of 

or included in an 
equipment package

– Powered wall and roof 
ventilators



Heating outside a building
 Systems installed to provide heat outside a building 

must be radiant systems

 Must be controlled by an 
occupancy sensing device or 
timer switch

 System must automatically be 
de-energized when no 
occupants are present

C403.13.1 - Mandatory



Energy compliance software

 COMcheck can show compliance through the trade-off, 
mandatory and prescriptive approach.
 Thermal envelope

 Trade-off
 Mechanical systems

 Mandatory/Prescriptive
 Service Water Heating

 Mandatory/Prescriptive
 Lighting

 Mandatory/Prescriptive
www.energycodes.gov

Provides Design Flexibility
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 Scope and Application
 Section C401 – Prescriptive or Total Building Performance or ASHRAE 90.1

 Mandatory and Prescriptive Path Provisions
 Section C402 - Building Envelope
 Section C403 - Mechanical Systems
 Section C404 - Service Water Heating
 Section C405 - Electrical Power and Lighting
 Section C406 – Additional Efficiency Packages

 Performance Path
 Section C407 – Total Building Performance

 Commissioning
 Section C408 - System Commissioning

Chapter 4 – Energy Efficiency Requirements



Service water heating
Equipment efficiency

Table C404.2 
Minimum Performance Efficiency of 
Water-Heating Equipment

C404 Mandatory, Table C404.2

EQUIPMENT TYPE SIZE CATEGORY
(input)

SUBCATEGORY OR
RATING CONDITION

PERFORMANCE
REQUIREDa, b

TEST
PROCEDURE

Water heaters,
electric

£ 12 kWd Resistance 0.97 - 0.00 132V, EF DOE 10 CFR Part 
430

> 12 kW Resistance (0.3 + 27/Vm), %/h ANSI Z21.10.3
£ 24 amps and

£ 250 volts Heat pump 0.93 - 0.00 132V, EF DOE 10 CFR Part 
430

Storage water 
heaters,

gas

£ 75,000 Btu/h ³ 20 gal 0.67 - 0.0019V, EF DOE 10 CFR Part 
430

> 75,000 Btu/h 
and

£ 155,000 Btu/h
< 4,000 Btu/h/gal

ANSI Z21.10.3

> 155,000 Btu/h < 4,000 Btu/h/gal

Instantaneous 
water heaters, gas

> 50,000 Btu/h 
and 

< 200,000 Btu/hc

³ 4,000 (Btu/h)/gal 
and < 2 gal 0.62 - 0.00 19V, EF DOE 10 CFR Part 

430

³ 200,000 Btu/h ³ 4,000 Btu/h/gal 
and < 10 gal 80% Et

ANSI Z21.10.3
³ 200,000 Btu/h ³ 4,000 Btu/h/gal and

³ 10 gal

Storage water 
heaters,

oil

£ 105,000 Btu/h ³ 20 gal 0.59 - 0.0019V, EF DOE 10 CFR Part 
430

³ 105,000 Btu/h < 4,000 Btu/h/gal ANSI Z21.10.3

Instantaneous 
water heaters, oil

£ 210,000 Btu/h ³ 4,000 Btu/h/gal and 
< 2 gal 0.59 - 0.0019V, EF DOE 10 CFR Part 

430

> 210,000 Btu/h ³ 4,000 Btu/h/gal and 
< 10 gal 80% Et

ANSI Z21.10.3
> 210,000 Btu/h ³ 4,000 Btu/h/gal and

³ 10 gal

Hot water supply 
boilers,

gas and oil

³ 300,000 Btu/h 
and

< 12,500,000 
Btu/h

³ 4,000 Btu/h/gal and 
< 10 gal 80% Et

ANSI Z21.10.3
Hot water supply 

boilers,
gas

³ 300,000 Btu/h 
and 

< 12,500,000 
Btu/h

³ 4,000 Btu/h/gal and
³ 10 gal

Hot water supply 
boilers,

oil

> 300,000 Btu/h 
and 

< 12,500,000 
Btu/h

> 4,000 Btu/h/gal and
> 10 gal

Pool heaters, gas 
and oil All — 82% Et ASHRAE 146

Heat pump pool 
heaters All — 4.0 COP AHRI 1160

Unfired storage 
tanks All —

Minimum insulation 
requirement R-12.5
(h · ft2 · °F)/Btu

(none)

American Council  for an Energy-Efficient Economy
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Service water heating
Pipe insulation
C404.4 – Piping from a water heater to the termination of the water fixture supply 
pipe shall be insulated per Table C403.12.3.



C404.4
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.0 Exceptions:

Piping at locations where vertical 
support of piping is installed

Tubing from connection at termination 
of supply piping to plumbing fixture

Cold-water piping used as a 
return for a demand 
recirculation hot water system

Piping surrounded by building 
insulation with a thermal 
resistance of not less than R-3

Service water heating
Pipe insulation

Owens Corning
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Source: US DOE

Service water heating distribution

IPC Section 607.2. The 
developed length of hot or 
tempered water piping, 
from the source of hot to 
the fixtures the require hot 
or tempered water, shall 
not exceed 50 feet.



Service water heating
Maximum pipe volume or length 

NOMINAL PIPE SIZE
(inches)

VOLUME
(liquid ounces/foot length)

MAXIMUM PIPING LENGTH (feet)

Public lavatory faucets Other fixtures & 
appliances

1/4 0.33 6 50
5/16 0.5 4 50
3/8 0.75 3 50
1/2 1.5 2 43
5/8 2 1 32
3/4 3 0.5 21
7/8 4 0.5 16
1 5 0.5 13

11/4 8 0.5 8
11/2 11 0.5 6

2 or larger 18 0.5 4

Table C404.5.1 – Max. Pipe Volume or Lengths between nearest source & fixture

Water heaters, circulation & heat trace systems are considered sources of heated water.



Service water heating
Compact /Plumbing Core

• Water heaters located in close 
proximity to point of use

• Zoned plumbing core



Service water heating

 Home-run manifold
 Reduces waiting 

time for hot water



Service water heating

Hot water circulating system with fixtures, pump, check valve & water heater.

Source: Chilipepper Sales

Recirculation System
• Required for remotely located 

hot water fixtures
• Return line shall be a 

dedicated return pipe or a 
cold water supply pipe
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Cold-water piping 
used as return line

Dedicated hot-
water return line

Presenter Notes
Presentation Notes
We’re all familiar with the long wait: You turn on a hot-water faucet and have to wait a full two minutes for the hot water to arrive.Several factors have conspired to make this problem worse in recent years:Our houses are bigger, we’re installing more fixtures and appliances that use hot water, and the plumbing code is mandating larger-diameter pipes.To top it all off, new low-flow fixtures ensure that wait times are longer than ever.If you live in a stretched-out single-story home and the water heater is located in an attached garage, your bathroom may be 50 ft. away from the water heater—a layout that basically guarantees a long wait.
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Service water heating
 Hot water circulation system controls

C404.6.1

 Controls start the pump upon receiving a 
signal from the action of a user, sensing 
the presence of a user or sensing the 
flow of hot or tempered water to a fixture 
fitting or appliance

 Controls shall automatically turn off the 
pump when the water in the circulation 
loop is at the desired temperature and 
when there is not demand for hot water



Service water heating

 Electric heat trace systems
 Controls shall automatically adjust 

the energy input to the heat tracing 
to maintain the desired water 
temperature in the piping in 
accordance with the times when 
heated water is used in the 
occupancy

 Heat trace shall be arranged to be 
turned off automatically when there 
is no hot water demand

C404.6.2

PENTAIR

Presenter Notes
Presentation Notes
The pipe must then be covered with thermal insulation to retain heat losses from the pipe. Heat generated by the element then maintains the temperature of the pipe. Electric trace heating cables are an alternative to steam trace heating where steam is not available or unwanted.Trace heating may be used:to protect pipes from freezing,to maintain a constant flow temperature in hot water systems, orto maintain process temperatures for piping that must transport substances that solidify at ambient temperatures.



Energy compliance software

 COMcheck can show compliance through the trade-off, 
mandatory and prescriptive approach.
 Thermal envelope

 Trade-off
 Mechanical systems

 Mandatory/Prescriptive
 Service Water Heating

 Mandatory/Prescriptive
 Lighting

 Mandatory/Prescriptive
www.energycodes.gov

Provides Design Flexibility
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 Scope and Application
 Section C401 – Prescriptive or Total Building Performance or ASHRAE 90.1

 Mandatory and Prescriptive Path Provisions
 Section C402 - Building Envelope
 Section C403 - Mechanical Systems
 Section C404 - Service Water Heating
 Section C405 - Electrical Power and Lighting
 Section C406 – Additional Efficiency Packages

 Performance Path
 Section C407 – Total Building Performance

 Commissioning
 Section C408 - System Commissioning

Chapter 4 – Energy Efficiency Requirements



Lighting systems scope
 Interior lighting
 Controls (mandatory) - C405.2
 Lighting power allowances (prescriptive)
Exceptions:
 Security or emergency areas that must be 

continuously lighted
 Interior exit stairways, exit ramps and exit 

passageways
 Emergency egress lighting that is normally off

 Exterior Lighting
 Controls (mandatory) - C405.2.7
 Lighting Power Allowances (mandatory)

C405

Design by Todd



1. Classrooms/lecture/training rooms.
2. Conference/meeting/multipurpose rooms.
3. Copy/print rooms.
4. Lounges/breakrooms.
5. Enclosed offices.
6. Open plan office areas
7. Restrooms.
8. Storage rooms.
9. Locker rooms.
10. Corridors.

85

Occupant Sensor Controls - C405.2.1

 Occupant sensor controls shall be installed to control lights in the 
following space types: 

11. Warehouse storage areas.
12. Other spaces 300 square feet or less that are 

enclosed by floor-to-ceiling height partitions.
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Plan Review Correction Stamp
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Time-Switch Controls - C405.2.2

 Where not provided with occupant sensor controls, general 
lighting shall be provided with time-switch controls that comply 
with the following:
1. Automatically turn off lights when the space is scheduled to 

be unoccupied.
2. Have a minimum 7-day clock.
3. Setting capability for seven different day types per week.
4. Automatic holiday “shutoff” feature.
5. Have program backup capabilities to prevent loss of settings 

if power is interrupted.
6. Override switch with manual control that when initiated, 

permit the controlled lighting to remain on for not more than 
2 hours for an area not larger than 5,000 sq. ft.
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Light Reduction Controls - C405.2.3

 Where not provided with occupant sensor controls, general 
lighting shall be provided with one of the following light-reduction 
controls
 Manual control that allows the occupant 

to reduce the connected lighting load by 
not less than 50% in a uniform 
illumination pattern with an intermediate 
step in addition to full on/off position; or

 Continuous dimming control; or
 Switching alternate luminaires or rows of 

luminaires to achieve a reduced output



Daylight-Responsive Controls - C405.2.4

 Daylight-responsive controls shall be provided to control the 
general lighting within daylight zones in the following spaces:
 Spaces with more than 150 

watts of general lighting within 
primary sidelit daylight zones.

 Spaces with more than 300 
watts of general lighting within 
sidelit daylight zones.

 Spaces with more than 150 
watts of general lighting within 
toplit daylight zones.

Exception: Spaces in health care facilities where patient care is directly provided. 



Primary and Secondary Sidelit Daylight Zone
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Plan Review Correction Stamp



C405.2.5

Specific application controls – C405.5

 Display and accent
 Lighting in display cases
 Display lighting for exhibits in galleries, 

museums and monuments that is in 
addition to general lighting 

 Task lighting for medical and dental 
purposes that is in addition to general 
lighting

Independent and dedicated controls
 The following lighting shall be controlled by an occupant sensor 

or time-switch control. A manual control shall also be provided.

Presenter Notes
Presentation Notes
For the purposes of manual lighting controls, modular partitions are not considered part of room enclosure unless it’s floor-to-ceiling



Specific application controls – C405.2.5
Independent and dedicated controls
 Sleeping units shall have control devices or systems that are 

configured to automatically switch off all permanently installed 
luminaires and switched receptacles within 20 minutes after all 
occupants have left the unit.

C405.2.5

Exceptions:
1. Lighting and switched receptacles 

controlled by captive key systems.
2. Spaces where patient care is directly 

provided.

Presenter Notes
Presentation Notes
In the example diagrams, the standard room requires a control at the exit door, and the suite would have a switch at the exit to each room.
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C405.2.6

Trilux

Manual controls – C405.2.6
 Where required, manual controls shall be readily accessible to 

occupants.
 Shall be located where the controlled lights are visible, or shall identify 

the area served by the lights and indicate their status.

Presenter Notes
Presentation Notes
For the purposes of manual lighting controls, modular partitions are not considered part of room enclosure unless it’s floor-to-ceiling
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Exterior lighting controls – C405.2.7

 Lights shall automatically turn off when daylight is present.
 Building facade and landscape lighting automatically shut off from 

not later than 1 hour before business closing to not more than 1 hour 
before business opening.

C405.2.7

Homewood Suites

 Lighting serving outdoor parking areas 
shall be controlled so that the total 
wattage is automatically reduced by not 
less than 50% during any time where 
activity has not been detected for 15 
minutes or more.
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Parking Garage Lighting Control - C405.2.8

 Parking garage lighting shall be controlled by an occupant 
sensor or a time-switch control. Additional lighting controls 
shall be provided as follows:
 Lighting power of each luminaire 

shall be automatically reduced by not 
less than 30 percent when there is no 
activity detected within a lighting 
zone for 20 minutes.

 Lighting zones for this requirement 
shall be not larger than 3,600 sq. ft.

C405.2.8
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Interior Lighting Power Requirements - C405.3

 Interior lighting power allowance
 Measured in watts per sq. ft.
 Sometimes referred to as lighting 

power density (LPD)
 It serves as a yardstick by which 

the total connected interior lighting 
power is measured to determine 
whether a building is within limits 
for interior lighting power



Interior lighting power
Prescriptive provisions

1. Determine proposed connected 
lighting power
 Calculate total lighting wattage
 Lighting exceptions

2. Determine interior lighting power 
allowance
 Building area method or
 Space-by-space method

3. Compare values: proposed wattage 
must be less than or equal to allowed 
wattage

C405.3 – Prescriptive 

Connected interior lighting power must not exceed interior lighting 
power allowance



Determine proposed connected lighting 
power
Lighting power (watts) is the sum of all interior lighting for all 
the areas in the building including following:
 Labeled wattage of the luminaires for screw-in lamps
 Wattage of transformer supplying low-

voltage lighting
 Wattage of line-voltage lighting tracks 

and plug-in busways
1. Specified wattage of the luminaires but at 

least 30 W/linear ft. OR
2. Wattage limit of system’s circuit breaker OR
3. Wattage limit of other permanent current 

limiting devices on system
C405.3.1
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Exceptions to interior lighting power
Following is not included in calculating total connected lighting 
power

1. Television broadcast lighting for playing areas in sports arenas.
2. Emergency lighting automatically off during normal building operation.
3. Lighting in spaces specifically designed for use by occupants with special 

lighting needs, including those with visual impairment and other medical 
and age-related issues.

4. Casino gaming areas.
5. Mirror lighting in dressing rooms.
6. Task lighting for medical and dental purposes that is in addition to 

general lighting.
C405.3.1

Presenter Notes
Presentation Notes
These types of lighting do not have to be counted.  These are considered to be IN ADDITION TO general lighting.



Exceptions to interior lighting power
7. Display lighting for exhibits in galleries, museums and monuments that is 

in addition to general lighting.
8. Lighting for theatrical purposes, including performance, stage, film 

production and video production.
9. Lighting for photographic processes.
10. Lighting integral to equipment or instrumentation and installed by the 

manufacturer.
11.Task lighting for plant growth or maintenance.
12. Advertising signage or directional signage.
13. Lighting for food warming.
14. Lighting equipment that is for sale.

C405.3.1

Presenter Notes
Presentation Notes
These types of lighting do not have to be counted.  These are considered to be IN ADDITION TO general lighting.



Exceptions to interior lighting power
15. Lighting demonstration equipment in lighting education facilities.
16. Lighting approved because of safety considerations.
17. Lighting in retail display windows, provided that the display area is 

enclosed by ceiling-height partitions.
18. Furniture-mounted supplemental task lighting that is controlled by 

automatic shutoff.
19. Exit signs.
20. Antimicrobial lighting used for the sole purpose of disinfecting a space.

C405.3.1

Presenter Notes
Presentation Notes
These types of lighting do not have to be counted.  These are considered to be IN ADDITION TO general lighting.



Determine lighting power allowance
 Interior lighting power allowance is determined by 

one of the following tables:
 Building Area Method – Table C405.4.2(1) or

 Use floor area for each building area type listed including accessory 
and incidental areas (i.e., corridors, restrooms, lobby)

 Space-by-Space Method – Table C405.4.2 (2)
 Use floor area of each space that most closely represents the 

proposed use of the space

C405.4.2



BUILDING AREA TYPE LPD (w/ft2)
Automotive facility 0.80
Convention center 1.01
Courthouse 1.01
Dining: bar lounge/leisure 1.01
Dining: cafeteria/fast food 0.9
Dining: family 0.95
Dormitory 0.57
Exercise center 0.84
Gymnasium 0.94
Health care clinic 0.90
Hospital 1.05
Hotel/Motel 0.87
Library 1.19
Multifamily 0.51
Museum 1.02
Office 0.82
Parking garage 0.21
Performing arts theater 1.39
Retail 1.26
School/university 0.87

Determine lighting power allowance

Total office area: 100,000 ft2

0.82 w/ft2  = 82,000 watts allowed

Table C405.3.2(1)

Example: Office building

• 100,000 ft2

• Includes lobby, restrooms, storage and 
dining room

• 0.82 w/ft2 for the entire building

Building Area Method



COMMON SPACE TYPE LPD (w/ft2)

Conference/meeting/multipurpose room 1.23

Copy/print room 0.72
Lobby

In facility for visually impairedb 1.8

For an elevator 0.64

In a hotel 1.06

In a motion picture theater 0.59

In a performing arts theater 2.0

Otherwise 0.9

Lounge/breakroom
In a healthcare facility 0.92

Otherwise 0.73

Office
Enclosed 1.11

Open plan 0.98

Restroom
In facility for visually impairedb 1.21

Otherwise 0.98

Storage room 0.63
Table C405.3.2(2)

Example: Office building
• Lobby – 2,000 ft2 (0.9 w/ft2)
• Breakroom – 10,000 ft2 (0.73 w/ft2)
• Enclosed offices – 20,000 ft2 (1.11 w/ft2)
• Open office plan – 60,000 ft2 (0.98 w/ft2)
• Restrooms – 4,000 ft2 (0.98 w/ft2)
• Storage room - 4,000 ft2 (0.63 w/ft2)

Space-by-Space Method
Determine lighting power allowance

Total office area:  100,000 ft2

w/ft2  = 96,540 watts allowed per table



Retail lighting power allowance 

Where:
 Retail Area 1 = floor area for all products not listed in 

Retail Area 2, 3 or 4
 Retail Area 2 = floor area used for sale of vehicles, 

sporting goods & small electronics
 Retail Area 3 = floor area used for sale of furniture, 

clothing, cosmetics and artwork
 Retail Area 4 = floor area used for sale of jewelry, 

crystal, and china

C405.3.2.2.1

Additional interior lighting power allowance = 1000 watts + 

(Retail Area 1 x 0.45 W/ft2) + (Retail Area 2 x 0.45 W/ft2) + 
 (Retail Area 3 x 1.05 W/ft2) + (Retail Area 4 x 1.87 W/ft2)

Presenter Notes
Presentation Notes
Specific accommodation has been made for retail merchandise highlighting in the 2012 IECC.  These are IN ADDITION TO general lighting.Display area is the specific area to highlight merchandise.  For example, track lighting installed to highlight a wall display of shoes – would qualify.  Overhead, general lighting not specifically aimed at the wall of shoes would not qualify.



Retail lighting power allowance
Exception to retail lighting allowance: 
 Other merchandise categories may be included in retail areas 2 

through 4, provided that justification documenting the need for 
additional lighting power based 
on visual inspection, contrast, or 
other critical display is approved 
by the code official

C405.3.2.2.1
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Exterior lighting power limits –C405.5.1 

 Connected exterior lighting power must not exceed exterior 
lighting power allowance
1. Determine proposed connected lighting power
 Calculate total lighting wattage
 Account for exterior lighting exceptions

2. Determine exterior lighting power allowance 
 Lighting power densities by applicable lighting zone and exterior function – 

Tables C405.5.2(1) and C405.5.2(2)
3. Compare values: proposed wattage must be less than or equal to 

allowed wattage
C405.5.1

Presenter Notes
Presentation Notes
Similar to interior lighting power limits.  Same steps to calculate as for interior.



Exceptions to exterior lighting power
Lighting used for the following applications shall not be included:

1. Lighting approved because of safety considerations.
2. Emergency lighting automatically off during normal business operation.
3. Exit signs.
4. Specialized signal, directional and marker lighting associated with 

transportation.
5. Advertising signage or directional signage.
6. Integral to equipment or instrumentation and installed by its 

manufacturer.
7. Theatrical purposes, including performance, stage, film production and 

video production.
C405.5.1

Presenter Notes
Presentation Notes
These do not need to be included when doing your calculation.



Exceptions to exterior lighting power
8. Athletic playing areas.
9. Temporary lighting.
10. Industrial production, material handling, transportation sites and 

associated storage areas.
11. Theme elements in theme/amusement parks.
12. Used to highlight features of art, public monuments and the national 

flag.
13. Lighting for water features and swimming pools.
14. Lighting controlled from within dwelling units, where the lighting 

complies with Section R404.1.

C405.5.1

Presenter Notes
Presentation Notes
These do not need to be included when doing your calculation.



Exterior lighting zones
Lighting 

Zone
Description

1 Developed areas of national parks, state 
parks, forest land, and rural areas

2 Areas predominantly consisting of residential 
zoning, neighborhood business districts, light 
industrial with limited nighttime use and 
residential mixed-use areas

3 All other areas
4 High-activity commercial districts in major 

metropolitan areas as designated by the local 
land use planning authority

Table C405.5.2(1)

Presenter Notes
Presentation Notes
Lighting Zone/Description1   Developed areas of national parks, state parks, forest land, and rural areasAreas predominantly consisting of residential zoning, neighborhood business districts, light industrial with limited nighttime use and residential mixed use areasAll other areasHigh-activity commercial districts in major metropolitan areas as designated by the local land use planning authority



Table C405.5.2(2)

Exterior lighting power allowances
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Electrical energy consumption – C405.6
Each dwelling unit located in a Group R-2 building shall have a separate 
electrical meter.

C405.6

Presenter Notes
Presentation Notes
Specific requirement for buildings with individual dwelling unit to have separate electrical meters.Intent: Occupant understanding of actual energy use can promote effective energy use!



C405.9

Elevators, escalators and moving walks – C405.9

 De-energize ventilation fans 
and lighting systems when the 
elevator is stopped, unoccupied 
and with the doors closed for 
over 15 minutes

 Automatic controls to reduce speed to 
a minimum when not conveying 
passengers

 Escalators shall be designed to recover 
electrical energy when resisting 
overspeed in the down direction

MEI



Automatic Receptacle Control – C405.11

 At least 50% of all 125V, 15- and 20-amp receptacles 
located in:
 Enclosed offices, conference 

rooms, breakrooms, class-
rooms and individual work-
stations provided with either: 
 Split controlled receptacles or
 Controlled receptacle within 

12 inches of each 
uncontrolled receptacle

C405.11
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Electric Vehicle Capable Charging – C405.13

EV-capable for new multifamily & hotels

Source: EverCharge SmartPower

 4%-installed and 20% EV-capable parking spaces shall 
provide accommodates for future EV charging (ALMS)

 For EV-capable, reserve electrical service panel space 
for future circuit breakers labeled “Future EV Charging”

 Install raceway from the 
electrical service panel to 
parking area, with junction 
box or outlet labeled 
“Future EV Charging”.

C405.13 Amendment
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 Scope and Application
 Section C401 – Prescriptive or Total Building Performance or ASHRAE 90.1

 Mandatory and Prescriptive Path Provisions
 Section C402 - Building Envelope
 Section C403 - Mechanical Systems
 Section C404 - Service Water Heating
 Section C405 - Electrical Power and Lighting
 Section C406 – Additional Efficiency Packages

 Performance Path
 Section C407 – Total Building Performance

 Commissioning
 Section C408 - System Commissioning

Chapter 4 – Energy Efficiency Requirements



Additional Efficiency Requirements C406
Prescription Compliance Path – 10 credits

1. More efficient HVAC equipment performance
2. Reduced lighting power
3. Enhanced lighting controls
4. On-site renewable energy
5. Dedicated outside air system
6. High efficiency service water-heating
7. Enhanced envelope performance
8. Reduced air infiltration
9. Energy monitoring system
10.Fault detection and diagnostics system
11.Efficient kitchen equipment
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 Scope and Application
 Section C401 – Prescriptive or Total Building Performance or ASHRAE 90.1

 Mandatory and Prescriptive Path Provisions
 Section C402 - Building Envelope
 Section C403 - Mechanical Systems
 Section C404 - Service Water Heating
 Section C405 - Electrical Power and Lighting
 Section C406 – Additional Efficiency Packages

 Performance Path
 Section C407 – Total Building Performance

 Commissioning
 Section C408 - System Commissioning

Chapter 4 – Energy Efficiency Requirements
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Performance Compliance Path – C407
Simulated/Model Energy Performance Analysis

 Mandatory requirements
 Mandatory provisions of building envelope, 

mechanical, service water heating and lighting
 Energy loads that must be included in 

the energy simulation analysis
 Thermal envelope
 Heating, cooling systems and fans systems
 Service water heating
 Lighting power
 Receptacle and process loads

C407
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Heat gain/loss calculations
 Heat gains

 Solar thru windows/walls
 Summer transfer/infiltration
 Internal

 Electric use, lighting
 Body heat

 Heat loss
 Air leaks (infiltration)
 Transfer (conduction & radiant) though

 Walls
 Roofs
 Floors
 Windows



Proposed Design and Standard Reference comparison

Energy Cost Savings must be at least 20%.



 Scope and Application
 Section C401 – Prescriptive or Total Building Performance or ASHRAE 90.1

 Mandatory and Prescriptive Path Provisions
 Section C402 - Building Envelope
 Section C403 - Mechanical Systems
 Section C404 - Service Water Heating
 Section C405 - Electrical Power and Lighting
 Section C406 – Additional Efficiency Packages

 Performance Path
 Section C407 – Total Building Performance

 Commissioning
 Section C408 - System Commissioning

Chapter 4 – Energy Efficiency Requirements



Maintenance Information and 
System Commissioning - C408

 Functional Testing of Mechanical and Service Water-
heating Systems – C408.2
Exceptions :
 Total mechanical equipment 

capacity less than 180,000 
Btu/h (15 tons) for cooling, 
300,000 Btu/h (87.9 kW) for 
space-heating and 10,000 cfm 
for ventilation.

 Service water-heating systems 
rated under 50,000 Btu/h.

C408.2 amended



Maintenance Information and 
System Commissioning - C408

 Functional Testing of Lighting Fixtures – C408.3
 Lighting control systems shall be tested to ensure control hardware and 

software are calibrated, adjusted, programmed and in proper working 
condition.
 Occupant sensor controls
 Time-switch controls
 Daylight responsive controls

 Operation manuals
 Report
 Performance test results 

C408.3
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 Minimum 40% of roof area free and clear of 
obstructions including mechanical 
equipment and vents

Solar-Ready Zones – CB103
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 Provide electrical pathway for conduit 
run from solar-ready zone to electrical 
service panel with reserved space for 
2-pole circuit breaker(s)

 Capped roof penetration sleeve shall 
be provided on roofs with a slope of 1 
in 12 or less

CB103 amended
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Source: Special Inspection Training



Planning and Development
Office of Environmental Initiatives

Anthony Floyd, FAIA, LEED BC+C, CEM
afloyd@scottsdaleaz.gov

480-312-4202
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