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[bookmark: _Toc298158121]Chapter 11: Administration and Enforcement Requirements
[bookmark: _Toc298158122][bookmark: _Hlt518464251][bookmark: _Hlt518135139][bookmark: _Toc354805517][bookmark: _Toc110682398][bookmark: _Toc317382897][bookmark: _Toc318609775][bookmark: _Toc110693460]Overview of Administration and Enforcement Requirements 
[bookmark: _Toc297150835][bookmark: _Toc297237938][bookmark: _Toc298158123]Introduction
This chapter discusses when and how the NREC requirements apply to a building, which entity is in charge of code enforcement, and what the relationship is between the applicant and code enforcement agency. It describes how NREC requirements apply to additions, alterations and repairs of existing buildings. It also defines a hierarchy when requirements between different Codes overlap or conflict.
[bookmark: _Toc297237939][bookmark: _Toc298158124]Code Compliance Responsibilities
Successful compliance with the NREC requires the cooperation of many individuals involved in a building project: designers, engineers, architects, building owners, etc. Compliance also requires the efforts of certain individuals to whom the code gives specific responsibilities:
Applicant
Building official and plans examiner
Inspector 

Role of the Applicant
The applicant is the person named on the building permit. The applicant is ultimately responsible for meeting all requirements specified in the code. The applicant may be the owner, architect, engineer, contractor, or any other authorized agent for the project owner who applies for the building permit.
The applicant:
Prepares and submits any required compliance forms
Supplies plans and specifications with sufficient information for the building official to determine compliance with NREC
Supplies other supporting documentation of compliance, including test reports, catalog cuts, and calculations
Requests field inspections as required by the construction schedule
Provides direct access to all inspection areas
Maintains an accessible, on-site repository for records
Role of the Building Official
The building official is responsible for enforcing all provisions of the NREC. To carry out code enforcement, the building official may appoint and deputize technical officers, plans examiners, inspectors, or other duly authorized representatives (according to Section 1704 of the International Building Code).
The building official:
Reviews all submitted documentation for NREC compliance
Issues building construction permits
Arranges for the inspection of building components governed by the NREC during construction
Issues final approval of the construction project
Issues a Certificate Of Occupancy

The role of the building official is described in NREC 1141 Plans and Specifications and NREC 1143 Inspections.

[bookmark: _Toc297237940][bookmark: _Toc298158125]Compliance Forms
Building officials may require that all building component information be provided using the NREC Compliance Forms. Forms are available for: 
Chapter 12 – Energy Metering
Chapter 13 – Building Envelope
Chapter 14 – Mechanical Systems
Chapter 15 – Lighting, Motors and Transformers

[bookmark: _Hlt518134483]A technical webinar that provides instructions for completing these forms is available on the Northwest Energy Efficiency Council website at www.NEEC.org. 
[bookmark: _Hlt518134602]
[bookmark: _Toc297237941][bookmark: _Toc298158126]Purpose and Intent – NREC 1110
	NREC 1110 Requirements

	The purpose of this Code is to provide minimum standards for new or altered buildings and structures or portions thereof to achieve efficient use and conservation of energy. It is intended that these provisions provide flexibility to permit the use of innovative approaches and techniques to achieve efficient use and conservation of energy.
The purpose of this Code is not to create or otherwise establish or designate any particular class or group of persons who will or should be especially protected or benefited by the terms of this Code. This Code is not intended to abridge any safety or health requirements required under any other applicable codes or ordinances.
The provisions of this Code do not consider the efficiency of various energy forms as they are delivered to the building envelope. 



[bookmark: _Toc297237942][bookmark: _Toc298158127]Scope – NREC 1120 
The NREC requirements apply to all new non-residential and multifamily residential buildings, as well as additions, alterations, repairs or changes of occupancy of existing non-residential and multi-family buildings. 

	NOTE
	Multi-family Residential is defined in Chapter 2 as:
All Group R Occupancy not falling under the scope of Section 101.2 of the International Residential Code including, but not limited to, dwelling units, hotel/motel guest rooms, dormitories, fraternity/sorority houses, hostels, prisons, and fire stations;
All sleeping areas in Group I Occupancy including, but not limited to, assisted living facilities, nursing homes, patient rooms in hospitals, prisons, and fire stations; and
All sleeping areas in other occupancies including, but not limited to, fire stations.



Some portions or elements of the building may be specifically exempt from the building envelope, mechanical systems, and lighting and motor requirements. These exceptions are specified in the appropriate chapter.
	NREC 1120 Requirements

	This Code sets forth minimum requirements for the design and commissioning of new or altered buildings and structures or portions thereof that provide facilities or shelter for public assembly, educational, business, mercantile, institutional, storage, factory, industrial, and multifamily residential occupancies by regulating their exterior envelopes and the selection of their mechanical systems, domestic water systems, electrical distribution and illuminating systems, and equipment for efficient use and conservation of energy.

	NREC 1120 Exceptions

	The provisions of this code do not apply to temporary growing structures used solely for the commercial production of horticultural plants including ornamental plants, flowers, vegetables, and fruits. “Temporary growing structure” means a structure that has the sides and roof covered with polyethylene, polyvinyl, or similar flexible synthetic material and is used to provide plants with either frost protection or increased heat retention. A temporary growing structure is not considered a building for purposes of this Code.





[bookmark: _Toc316090834][bookmark: _Toc316091249][bookmark: _Toc354805522][bookmark: _Toc110682403][bookmark: _Toc297237943][bookmark: _Toc298158128][bookmark: _Toc110693466]Application to Existing Buildings – NREC 1130
Additions, alterations, and repairs of existing buildings do not generally require the owner to bring the entire building into compliance. Only the addition, alteration, or repair must be in compliance. In no case shall the project reduce the energy performance the existing building.
	NREC 1130 Requirements

	Additions, alterations or repairs, changes of occupancy or use, or historic buildings that do not comply with the requirements for new buildings shall comply with the requirements in NREC 1130 through 1134 as applicable.
In no case shall energy code requirements be less than those requirements in effect at the time of the initial construction of the building.

	NREC 1130 Exceptions

	The building official may approve designs of alterations or repairs which do not fully conform with all of the requirements of NREC Sections 1130 through 1134 where in the opinion of the building official full compliance is physically impossible and/or economically impractical and the alteration or repair improves the energy efficiency of the building.


[bookmark: _Toc316090835][bookmark: _Toc316091250][bookmark: _Toc354805523][bookmark: _Toc110682404][bookmark: _Toc297237944]
[bookmark: _Toc298158129]Additions to Existing Buildings – NREC 1131
	[bookmark: _Hlt518134679][bookmark: _Toc316090837][bookmark: _Toc316091252][bookmark: _Toc354805525][bookmark: _Toc110682406]NREC 1131 Requirements

	Additions to existing buildings or structures may be constructed without making the entire building or structure comply, provided that the new additions shall conform to the provisions of this Code.

	NREC 1131 Exceptions

	New additions which do not fully comply with the requirements of this Code, and which have a floor area less than 750 ft2, may be approved provided that improvements are made to the existing building to compensate for any deficiencies in the new addition. Compliance shall be demonstrated by either systems analysis per NREC 1141.4 or component performance calculations per NREC 1330 through 1334. The nonconforming addition and upgraded existing building shall have an energy budget or target UA and SHGC that are less than or equal to the unimproved existing building, with the addition designed to comply with this Code. These additions are also exempt from the continuous air barrier requirements defined in NREC 1314.6. 




An addition is the portion of work on an existing building that expands the floor area of the base or upper floors. NREC Compliance Forms may be required to demonstrate energy code compliance of a new addition. If the new addition is fully designed with all three principal components (building envelope, mechanical system, and lighting and motors), a full set of NREC Compliance Forms may be required. Otherwise, submit only the forms required to show compliance for the work covered by the permits.
To document compliance with NREC 1131 Exception, submit two sets of NREC Compliance Forms that consider both the existing building and the addition.
Set 1 – Submit compliance forms for a non-conforming addition with the upgraded existing building.
Set 2 – Submit compliance forms for a conforming addition based on the NREC requirements with the unimproved existing building.

Do not include any walls that will be removed between the addition and the existing building. If the proposed UA and SHGC of Set 1 are equal to or less than the proposed UA and SHGC of Set 2, the proposed addition complies with the NREC requirements.

[bookmark: _Toc297237945][bookmark: _Toc298158130]Alterations and Repairs – NREC 1132
	NREC 1132 Requirements

	Alterations and repairs to buildings, or portions thereof originally constructed subject to the requirements of the 2009 Washington State Energy Code (WSEC), shall conform to the provisions of this Code without the use of the exception in NREC 1130. 
Other alterations and repairs may be made to existing buildings and moved buildings without making the entire building comply with all of the requirements of this Code for new buildings, provided all requirements in NREC 1132.1, 1132.2 and 1132.3 are met. 
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[bookmark: _Toc297237946][bookmark: _Toc298158131]Alterations and Repairs to the Building Envelope – NREC 1132.1

The starting point is that only envelope component(s) being altered or repaired are required to comply with this Code. Exceptions generally require that the existing energy performance of altered or repaired envelope components be maintained or improved. In no case shall the energy efficiency of the building envelope be decreased by an alteration or repair. NREC Envelope Compliance Forms may be required to demonstrate envelope compliance. 
	NREC 1132.1 Requirements

	Alterations or repairs shall comply with nominal R-values and glazing requirements in NREC Table 13-1 or 13-2. 

	NREC 1132.1 Exceptions Summary

	· Storm Windows – It is safe to assume that storm windows installed over existing glazing will maintain or improve the energy efficiency of the building.
· Replaced Glass – If the glass is replaced in an existing sash and frame, use glass that has a performance rating that is equal to or better than the existing glass (U-Factor and SHGC).
· Exposed Cavity – If the alteration or repair exposes existing roof/ceiling, wall, or floor cavities, or creates new cavities, insulate these cavities to full depth with insulation rated at R-3.0 per inch or better.
· Replaced Roof Membrane – If the roof membrane is being replaced, the roof will comply without adding more insulation as long as the existing insulation is not exposed or otherwise affected by the installation of the new membrane. 
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[bookmark: _Toc297237947][bookmark: _Toc298158132]Alterations and Repairs to the Mechanical Systems – NREC 1132.2

Mechanical system component(s) being altered or repaired are required to comply with this Code. Alterations or repairs to an existing mechanical system shall in no circumstance reduce the operational performance or system energy efficiency. This includes economizer capacity. If cooling equipment is replaced, it is required to comply with all economizer control requirements. NREC Mechanical Compliance Forms may be required to demonstrate compliance.
	NREC 1132.2 Requirements

	Those parts of systems which are altered or replaced shall comply with NREC Chapter 14 of this Code. Additions or alterations shall not be made to an existing mechanical system that will cause the existing mechanical system to become out of compliance.
All new mechanical systems in existing buildings, including packaged unitary equipment and packaged split systems, shall comply with NREC Chapter 14.
Where mechanical cooling is added to a space that was not previously cooled, the mechanical cooling system shall comply with NREC 1413 and either NREC 1423 or NREC 1433.
Alterations to existing mechanical cooling systems shall not decrease economizer capacity unless the system complies with NREC 1413 and either NREC 1423 or NREC 1433. In addition, for existing mechanical cooling systems that do not comply with NREC 1413 and either NREC 1423 or NREC 1433, including both the individual unit size limits and the total building capacity limits on units without economizer, other alterations shall comply with NREC Table 11-1.
When space cooling equipment is replaced, controls shall be installed to provide for integrated operation with economizer in accordance with NREC 1413.3. 

	NREC 1132.2 Exceptions

	These exceptions only apply to situations where mechanical cooling is added to a space that was not previously cooled.
· Water-cooled refrigeration equipment provided with a water economizer meeting the requirements of Section 1413 need not comply with 1423 or 1433. This exception shall not be used for RS-29 analysis.
· Alternate designs that are not in full compliance with this Code may be approved when the building official determines that existing building or occupancy constraints make full compliance impractical or where full compliance would be economically impractical. 
















NREC Table 11-1 provides helpful guidance of which NREC requirements apply to specific mechanical system types and the nature of the system upgrade, alteration or repair. Pay particular attention to all applicable footnotes in this table.
TABLE 11-1: 
ECONOMIZER COMPLIANCE OPTIONS FOR MECHANICAL ALTERATIONS
	
	Option A
	Option B
(alternate to A)
	Option C
(alternate to A)
	Option D
(alternate to A)

	Unit Type
	Any alteration with new or replacement equipment
	Replacement unit of the same type 
with the same or smaller output capacity 
	Replacement unit of the same type 
with a larger output capacity 
	New equipment added to existing system or replacement unit of a different type 

	1. Packaged Units
	Efficiency: min.1
Economizer: 14332
	Efficiency: min.1
Economizer: 14332,3
	Efficiency: min.1
Economizer: 14332,3
	Efficiency: min.1
Economizer: 14332,4

	2. Split Systems
	Efficiency: min.1
Economizer: 14332
	Efficiency: + 10/5%5
Economizer: shall not decrease existing economizer capability
	Only for new units 
< 54,000 Btuh replacing unit installed prior to 1991 (one of two):
Efficiency: + 10/5%5
Economizer: 50%6
	Efficiency: min.1
Economizer: 14332,4

	
	
	
	For units > 54,000 Btuh or any units installed after 1991:
Option A
	

	3. Water Source Heat Pump
	Efficiency: min.1
Economizer: 14332
	(two of three):
Efficiency: + 10/5%5
Flow control valve7
Economizer: 50%6
	(three of three):
Efficiency: + 10/5%5
Flow control valve7
Economizer: 50%6 (except for certain pre-1991 systems8) 
	Efficiency: min.1
Economizer: 14332,4
(except for certain pre-1991 systems8)

	4. Hydronic Economizer using Air-Cooled Heat Rejection Equipment (Dry Cooler)
	Efficiency: min.1
Economizer: 14332
	Efficiency: + 10/5%5
Economizer: shall not decrease existing economizer capacity
	Option A
	Efficiency: min.1
Economizer: 14332,4

	5. Air-Handling Unit (including fan coil units)
where the system has an air-cooled chiller
	Efficiency: min.1
Economizer: 14332

	Economizer: shall not decrease existing economizer capacity

	Option A
(except for certain pre-1991 systems8)

	Option A
(except for certain pre-1991 systems8)


	6. Air- Handling Unit (including fan coil units) and Water-cooled Process Equipment, where the system has a water-cooled chiller10
	Efficiency: min.1
Economizer: 14332
	Economizer: shall not decrease existing economizer capacity
	Option A
(except for certain pre-1991 systems8 and certain 1991-2004 systems9.) 
	Efficiency: min.1
Economizer: 14332,4
(except for certain pre-1991 systems8 and certain 1991-2004 systems9)

	7. Cooling Tower
	Efficiency: min.1
Economizer: 14332
	No requirements
	Option A
	Option A

	8. Air-Cooled Chiller
	Efficiency: min.1
Economizer: 14332
	Efficiency: + 5%11
Economizer: shall not decrease existing economizer capacity
	Efficiency 
(two of two): 
(1) + 10%12 and 
(2) multistage
Economizer: shall not decrease existing economizer capacity
	Efficiency: min.1
Economizer: 14332,4



	
	Option A
	Option B
(alternate to A)
	Option C
(alternate to A)
	Option D
(alternate to A)

	Unit Type
	Any alteration with new or replacement equipment
	Replacement unit of the same type 
with the same or smaller output capacity 
	Replacement unit of the same type 
with a larger output capacity 
	New equipment added to existing system or replacement unit of a different type 

	1. Packaged Units
	Efficiency: min.1
Economizer: 14332
	Efficiency: min.1
Economizer: 14332,3
	Efficiency: min.1
Economizer: 14332,3
	Efficiency: min.1
Economizer: 14332,4

	2. Split Systems
	Efficiency: min.1
Economizer: 14332
	Efficiency: + 10/5%5
Economizer: shall not decrease existing economizer capability
	Only for new units 
< 54,000 Btuh replacing unit installed prior to 1991 (one of two):
Efficiency: + 10/5%5
Economizer: 50%6
	Efficiency: min.1
Economizer: 14332,4

	
	
	
	For units > 54,000 Btuh or any units installed after 1991:
Option A
	

	3. Water Source Heat Pump
	Efficiency: min.1
Economizer: 14332
	(two of three):
Efficiency: + 10/5%5
Flow control valve7
Economizer: 50%6
	(three of three):
Efficiency: + 10/5%5
Flow control valve7
Economizer: 50%6 (except for certain pre-1991 systems8) 
	Efficiency: min.1
Economizer: 14332,4
(except for certain pre-1991 systems8)

	4. Hydronic Economizer using Air-Cooled Heat Rejection Equipment (Dry Cooler)
	Efficiency: min.1
Economizer: 14332
	Efficiency: + 10/5%5
Economizer: shall not decrease existing economizer capacity
	Option A
	Efficiency: min.1
Economizer: 14332,4

	5. Air-Handling Unit (including fan coil units)
where the system has an air-cooled chiller
	Efficiency: min.1
Economizer: 14332

	Economizer: shall not decrease existing economizer capacity

	Option A
(except for certain pre-1991 systems8)

	Option A
(except for certain pre-1991 systems8)


	6. Air- Handling Unit (including fan coil units) and Water-cooled Process Equipment, where the system has a water-cooled chiller10
	Efficiency: min.1
Economizer: 14332
	Economizer: shall not decrease existing economizer capacity
	Option A
(except for certain pre-1991 systems8 and certain 1991-2004 systems9.) 
	Efficiency: min.1
Economizer: 14332,4
(except for certain pre-1991 systems8 and certain 1991-2004 systems9)

	7. Cooling Tower
	Efficiency: min.1
Economizer: 14332
	No requirements
	Option A
	Option A

	8. Air-Cooled Chiller
	Efficiency: min.1
Economizer: 14332
	Efficiency: + 5%11
Economizer: shall not decrease existing economizer capacity
	Efficiency 
(two of two): 
(1) + 10%12 and 
(2) multistage
Economizer: shall not decrease existing economizer capacity
	Efficiency: min.1
Economizer: 14332,4



1.	Minimum equipment efficiency shall comply with Section 1411.1 and Tables 14-1A through M.
2.	System and building shall comply with Section 1433 (including both the individual unit size limits and the total building capacity limits on units without economizer). It is acceptable to comply using one of the exceptions to Section 1433.
3.	All equipment replaced in an existing building shall have air economizer complying with Sections 1413 and 1433 unless both the individual unit size and the total capacity of units without air economizer in the building is less than that allowed in Exception 1 to Section 1433.
4.	All separate new equipment added to an existing building shall have air economizer complying with Sections 1413 and 1433 unless both the individual unit size and the total capacity of units without air economizer in the building is less than that allowed in Exception 1 to Section 1433.
5.	Equipment shall have a capacity-weighted average cooling system efficiency:
	a. for units with a cooling capacity below 54,000 Btuh, a minimum of 10% greater than the requirements in Tables 14-1A and 14-1B (1.10 x values in Tables 14-1A and 14-1B).
	b. for units with a cooling capacity of 54,000 Btuh and greater, a minimum of 5% greater than the requirements in Tables 14-1A and 14-1B (1.05 x values in Tables 14-1A and 14-1B).
6.	Minimum of 50% air economizer that is ducted in a fully enclosed path directly to every heat pump unit in each zone, except that ducts may terminate within 12 inches of the intake to an HVAC unit provided that they are physically fastened so that the outside air duct is directed into the unit intake. If this is an increase in the amount of outside air supplied to this unit, the outside air supply system shall be capable of providing this additional outside air and equipped with economizer control.
7.	Have flow control valve to eliminate flow through the heat pumps that are not in operation with variable speed pumping control complying with Section 1432.2.2 for that heat pump. 
 – When the total capacity of all units with flow control valves exceeds 15% of the total system capacity, a variable frequency drive shall be installed on the main loop pump.
 – As an alternate to this requirement, have a capacity-weighted average cooling system efficiency that is 5% greater than the requirements in note 5 (i.e. a minimum of 15%/10% greater than the requirements in Tables 14-1A and 14-1B (1.15/1.10 x values in Tables 14-1A and 14-1B)).
8.	Systems installed prior to 1991 without fully utilized capacity are allowed to comply with Option B, provided that the individual unit cooling capacity does not exceed 90,000 Btuh.
9.	Economizer not required for systems installed with water economizer plate and frame heat exchanger complying with previous codes between 1991 and June 2004, provided that the total fan coil load does not exceed the existing or added capacity of the heat exchangers.
10.	For water-cooled process equipment where the manufacturers specifications require colder temperatures than available with waterside economizer, that portion of the load is exempt from the economizer requirements.
11.	The air-cooled chiller shall have an IPLV efficiency that is a minimum of 5% greater than the IPLV requirements in Table 14-1C (1.05 x IPLV values in Table 14-1C).
12.	The air-cooled chiller shall:
	a. have an IPLV efficiency that is a minimum of 10% greater than the IPLV requirements in Table 14-1C (1.10 x IPLV values in Table 14-1C), and
	b. be multistage with a minimum of two compressors.
13.	The water-cooled chiller shall have an NPLV efficiency that is a minimum of 10% greater than the NPLV requirements in Table 14-1K, Table 14-1L, or Table 14-1M (1.10 x NPLV values in Table 14-1K, Table 14-1L, or Table 14-1M).
14.	The water-cooled chiller shall have an NPLV efficiency that is a minimum of 15% greater than the NPLV requirements in Table 14-1K, Table 14-1L, or Table 14-1M (1.15 x NPLV values in Table 14-1K, Table 14-1L, or Table 14-1M).
15.	Economizer cooling shall be provided by adding a plate-frame heat exchanger on the waterside with a capacity that is a minimum of 20% of the chiller capacity at standard AHRI rating conditions.
16.	The replacement boiler shall have an efficiency that is a minimum of 8% higher than the value in Table 14-1F (1.08 x value in Table 14-1F), except for electric boilers.
[bookmark: _Toc297237948][bookmark: _Toc298158133]
Alterations and Repairs to the Lighting and Motors – NREC 1132.3

Lighting system component(s) being altered or repaired are required to comply with this Code. Changes in the use of a space may require a change in its lighting power allowance (LPA), as specified in NREC Table 15-1. NREC Lighting Compliance Forms may be required to demonstrate LPA compliance. 
Lighting related alterations and repairs governed by the NREC include:
•	Lighting Upgrade – The threshold that triggers compliance with the NREC Lighting Power Allowance requirements is when a lighting upgrade involves replacement of 60% or more of the existing fixtures in a space. If less than 60% are replaced, then the project is only required to demonstrate that the new installed lighting wattage is equal or less than that previously installed.

If more than 60% are replaced, then calculations are required to show the lighting power allowance conforms to NREC 1531 and the use (as defined in WSEC Table 15-1). NREC Lighting Compliance Forms may be required to demonstrate compliance. If these lighting fixtures are in a suspended ceiling and the existing insulation is on top of the suspended ceiling, there are two options.

· New lighting fixtures must be Type IC rated recessed fixtures and the roof/ceiling assembly shall be insulated according to the provisions of Chapter 13, NREC 1311.2. NREC Envelope Compliance Forms may be required to demonstrate compliance. 

· If new lighting fixtures will not be Type IC rated then the new fixtures must be surface mounted or the insulation must be relocated.

•	Wiring Upgrade – Where new wiring is installed for added lighting fixtures, or fixtures are relocated to a new or revised circuit due to a change in space or other alteration, then all applicable lighting controls requirements apply. This includes local and area controls, daylight zone controls, and automatic shut-off controls. Occupancy sensors may be required depending on the use of the space. Commissioning of these controls is required regardless of the size of the project.

•	Lighting Panel Upgrade – If a new lighting panel is installed, or an existing panel is moved and new raceway and conductor wiring to new or existing lighting fixtures are installed, then all applicable lighting controls requirements apply including commissioning.

•	Electric Motors – If new exempt electric motors are replaced they shall comply with the minimum efficiency requirements of NREC 1437.

	NREC 1132.3 Requirements

	If non-exempt electric motors are altered or replaced shall comply with the energy efficiency performance requirements defined in NREC 1437, which is referenced from NREC 1511.

Where the use in a space changes from one use in NREC Table 15-1 to another use in NREC Table 15-1, the installed lighting wattage shall comply with NREC 1521 or NREC 1531.

Other tenant improvements, alterations or repairs where 60 percent or more of the fixtures in a space enclosed by walls or ceiling-height partitions are new shall comply with NREC 1531 and NREC 1532. (Where this threshold is triggered, the areas of the affected spaces may be combined for lighting code compliance calculations.) Where less than 60 percent of the fixtures in a space enclosed by walls or ceiling-height partitions are new, the installed lighting wattage shall be maintained or reduced. Where 60 percent or more of the lighting fixtures in a suspended ceiling are new, and the existing insulation is on the suspended ceiling, the roof/ceiling assembly shall be insulated according to the provisions of Chapter 13 NREC 1311.2.

Where new wiring is being installed to serve added fixtures and/or fixtures are being relocated to a new circuit, controls shall comply with NREC 1513.1 through NREC 1513.5 and, as applicable, NREC 1513.8. In addition, office areas less than 300 ft2 enclosed by walls or ceiling-height partitions, and all meeting and conference rooms, and all school classrooms, shall be equipped with occupancy sensors that comply with NREC 1513.6 and NREC 1513.8. Where a new lighting panel (or a moved lighting panel) with all new raceway and conductor wiring from the panel to the fixtures is being installed, controls shall also comply with the other requirements in NREC 1513.6 through NREC 1513.8.

Where new walls or ceiling-height partitions are added to an existing space and create a new enclosed space, but the lighting fixtures are not being changed, other than being relocated, the new enclosed space shall have controls that comply with NREC 1513.1 through 1513.2, 1513.4, and 1513.6 through 1513.8.
Those motors which are altered or replaced shall comply with NREC 1511.
























[bookmark: _Toc297237949][bookmark: _Toc298158134]Change of Occupancy of Use – NREC 1133
The NREC addresses change of use from two levels. When the project involves changing the type of a room or space use, this triggers the Lighting Power Allowance requirements as described in NREC 1132.3. When the project changes the space type of the building or a portion thereof, then the requirements of this section apply.
If the project changes from an unconditioned space to a conditioned space, or from a nonresidential space to a multi-family residential space (or vice versa), the entire space must be upgraded per all applicable envelope, mechanical system, lighting and motor requirements. Only the portion of the building that changes as shown on the plans and specification requires compliance with the NREC. NREC Compliance Forms may be required to demonstrate compliance.
Refer to NREC 1310.2 for definitions of unconditioned and conditioned spaces.
	NREC 1133 Requirements

	Changes of occupancy or use shall comply with the following requirements:
•             Any unconditioned space that is altered to become semi-heated, cooled, or fully heated, or any semi-heated space that is altered to become cooled or fully heated space shall be required to be brought into full compliance with this Code.
•             Any nonresidential space which is converted to multi-family residential space shall be brought into full compliance with this Code.
•             Any multi-family residential space which is converted to nonresidential space shall be required to comply with all of the provisions of NREC 1130 through 1132 of this Code. 
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[bookmark: _Toc298158135]Historic Buildings – NREC 1134
It is recognized that historic buildings have unique challenges with regards to compliance with the NREC. The building official may review and approve modified requirements for additions, alterations, and repairs so they result in a reasonable degree of energy efficiency while preserving the historic features of the building. In no case shall the energy efficiency of the historic building decrease.
	NREC 1134 Requirements

	The building official may modify the specific requirements of this Code for historic buildings and require in lieu thereof alternate requirements which will result in a reasonable degree of energy efficiency. This modification may be allowed for those buildings which have been specifically designated as historically significant by the state or local governing body, or listed in The National Register of Historic Places or which have been determined to be eligible for listing.
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[bookmark: _Toc298158136]Commissioning – NREC 1135
Commissioning provides a means of confirming that systems have been installed and operate per the design intent. Commissioning requirements in the NREC apply to mechanical systems, mechanical system controls and lighting controls. 
Commissioning scope for additions, alterations and repairs are as follows: 
Mechanical system and controls – Projects that exceed the thresholds of 600,000 Btu/h in heating capacity and/or 40 tons of cooling capacity shall be commissioned. Only systems within the scope of the mechanical permit are required to be commissioned. Mechanical system commissioning requirements are defined in NREC 1416. 
Lighting controls - Commissioning is required for all lighting controls regardless of the size of the project. Only systems within the scope of the electrical permit are required to be commissioned. Lighting system commissioning requirements are defined in NREC 1416.
Commissioning form – A checklist of all commissioning requirements is available in NREC Figure 14A - Commissioning Compliance Checklist.
	NREC 1135 Requirements

	Commissioning in compliance with NREC 1416 and NREC 1513.8 shall be required for new systems or modified portions of systems, with a heating capacity of 600,000 Btu/h or a cooling capacity of 40 tons or more.





[bookmark: _Toc297237952][bookmark: _Toc298158137]Enforcement – NREC 1140
	NREC 1140 Requirements

	The building official shall have the power to render interpretations of this Code and to adopt and enforce rules and supplemental regulations in order to clarify the application of its provisions. Such interpretations, rules and regulations shall be in conformance with the intent and purpose of this Code. Fees may be assessed for enforcement of this Code and shall be as set forth in the fee schedule adopted by the jurisdiction.







[bookmark: _Toc297237953][bookmark: _Toc298158138]Plans and Specifications – NREC 1141
[bookmark: _Toc316090855][bookmark: _Toc316091270]Building plans and specifications must show sufficient detail to indicate compliance with the requirements of the NREC. Building compliance with the NREC is generally enforced by examination of the building plans and specifications by representatives of the building jurisdiction. Plans examiners are responsible to the building official. Their overall responsibility is to check the plans for energy code compliance and in doing so to:
Perform initial intake examination of plans to determine their completeness and acceptability.
Check plans for conformance with NREC.
Notify the applicant regarding compliance deficiencies.
Document their review to the building official.

In complex projects, the building official may require that the plans and specifications be stamped by an architect or professional engineer licensed in the State of Washington.
[bookmark: _Toc297237954][bookmark: _Toc298158139]General Requirements – NREC 1141.1

	NREC 1141.1 Requirements

	If required by the building official, plans and specifications shall be submitted in support of an application for a building permit. If required by the building official, plans and specifications shall be stamped and authenticated by a registered design professional currently licensed in the state of Washington. All plans and specifications, together with supporting data, shall be submitted to the building official prior to issuance of a building permit. 













There are three paths of design that may be followed to demonstrate compliance with the intent of this Code. These options provide flexibility and a means of using innovative approaches and techniques.
1. Prescriptive approach - Each Code section defines prescriptive requirements for all building components. Complying prescriptively means that all building components meet or exceed the required energy efficiency parameters as defined in the Code. This approach is defined as the Prescriptive Option for envelope and lighting, and the Simple Systems path for mechanical systems. 
2. Component performance approach - This allows demonstration of Code compliance based on the performance of each major building system. Building envelope compliance can be demonstrated by the overall performance of the entire envelope versus the performance of each envelope component. Mechanical systems compliance can be demonstrated by way of many different system options as long as all general and system specific performance requirements are met (Complex Systems Option). Lighting system compliance can be demonstrated by showing that the total wattage of all lighting systems in a building is equal to or less than the maximum allowed wattage based on space use (Lighting Power Allowance Option). 
3. Systems analysis approach – This applies to the entire building and its energy-using sub-systems, which may utilize renewable energy sources. In this approach the building envelope, lighting and mechanical systems are considered together rather than as separate systems. When using systems analysis, the proposed building as a whole shall be demonstrated to provide equal or better conservation of energy that the prescriptive design. Instructions for this approach are covered in the appendix Reference Standard 29 – Non-Residential Building Analysis By Systems Analysis (RS-29). Additional requirements are defined in NREC 1141.4.


[bookmark: _Toc297237955][bookmark: _Toc298158140]DetailsNREC 1141.2

	NREC 1141.2 Requirements

	The plans and specifications shall show in sufficient detail all pertinent data and features of the building and the equipment and systems as herein governed including, but not limited to: design criteria; exterior envelope component materials, U-factors of the envelope systems, R-values of insulating materials; U-factors and solar heat gain coefficients or shading coefficients of glazing; area weighted U-factor calculations; efficiency, economizer, size and type of apparatus and equipment; fan system horsepower; equipment and systems controls; lighting fixture schedule with wattages and controls narrative; commissioning requirements for HVAC equipment, HVAC controls, and lighting controls, and other pertinent data to indicate compliance with the requirements of this Code.




In order to demonstrate compliance with the NREC requirements, the plans and specifications submitted with the permit application should at minimum include the following information. This list is not comprehensive. Other project specific documentation requirements may apply.
[bookmark: _Toc316090845][bookmark: _Toc316091260][bookmark: _Toc354805533][bookmark: _Toc110682414]Envelope Documentation Details
Details of the wall, roof, and floor sections that show the R-value of both the cavity and continuous insulation, framing type, vapor retarder, air barrier and sealant locations. Include information if a linear system or advanced framing is included in the design.
Details of the slab-on-grade and radiant floor insulation that show the R-value and position of the insulation.
Schedule of exterior doors showing the door and frame construction, weather-stripping details, and overall U-factor.
Schedule of windows and skylights, showing the required glazing system, framing type, window configuration, shading devices, weather-stripping details, and overall U-factor and SHGC.
NREC Envelope Compliance Forms and/or RS-29 analysis documentation as applicable.
[bookmark: _Hlt518135222][bookmark: _Toc316090846][bookmark: _Toc316091261][bookmark: _Toc354805534][bookmark: _Toc110682415]Mechanical Systems Documentation Details
Schedule of heating and cooling equipment showing the location, capacity and equipment efficiency for each type.
Specification of economizer for each air-handling or HVAC package system and/or any exceptions applied. Include information about integrated economizer controls.
Schedule of fans showing location, capacity and system horsepower.
Schedule of motors used in fan, pump, and other HVAC systems showing horsepower and efficiency.
Specification of setback and shut-off controls that reduce energy use during periods of non-use or alternate use of the space.
Specification of variable speed controls to reduce energy usage during part load conditions.
Specification of energy recovery systems where required.
Specification of energy metering devices where required.
Specification of duct testing as required.
Schedule of the pipe and duct insulation showing the required R-value and thickness for each application.
NREC Mechanical Compliance Forms and/or RS-29 analysis documentation as applicable.
[bookmark: _Hlt518135259][bookmark: _Toc316090847][bookmark: _Toc316091262][bookmark: _Toc354805535][bookmark: _Toc110682416]Lighting Documentation Details
Schedule of lighting fixtures that show the luminaire power for each fixture or ballast and lamp combination.
Lighting plans showing the location and type of luminaires, switching, and local controls.
Specifications of interior and exterior automatic, occupancy and daylighting controls.
NREC Lighting Compliance Forms and/or RS-29 analysis documentation as applicable.
Energy Metering Documentation Details
Specification of energy source systems that require energy metering.
Specification of systems and components requiring submetering.
Specification of meter types.
NREC Metering Compliance Forms as applicable.

[bookmark: _Toc297237956][bookmark: _Toc298158141]Alternate Materials and Method of Construction – NREC 1141.3

The intent of the NREC is not to restrict, but to encourage the use of innovative building designs. However, this section potentially creates an opportunity to introduce materials or compliance approaches that do not meet the intent of the NREC. The following are required:
Alternate materials and methods must meet the intent of the NREC provisions.
Claims for alternate materials and methods must be proven to the building official’s satisfaction.

Building officials usually require proof in the form of independent testing or verification through recognized listing agencies like ICBO, UL, GAMA, ARI, NFRC, and others.
	NREC 1141.3 Requirements

	The provisions of this Code are not intended to prevent the use of any material, method of construction, design or insulating system not specifically prescribed herein, provided that such construction, design or insulating system has been approved by the building official as meeting the intent of this Code. The building official may approve any such alternate provided the proposed alternate meets or exceeds the provisions of this Code and that the material, method, design or work offered is for the purpose intended, at least the equivalent of that prescribed in this Code, in quality, strength, effectiveness, fire-resistance, durability, safety and energy efficiency. The building official may require that sufficient evidence of proof be submitted to substantiate any claims that may be made regarding performance capabilities.


[bookmark: _Toc297237957][bookmark: _Toc298158142]Systems Analysis Approach for the Entire Building – NREC 1141.4
	NREC 1141.4 Requirements

	In lieu of using NREC Chapters 11 through 15, compliance may be demonstrated using the systems analysis option in Reference Standard 29 – Non-Residential Building Analysis By Systems Analysis (RS-29). When using systems analysis, the proposed building shall provide equal or better conservation of energy than the standard design as defined in RS-29. If required by the building official, all energy comparison calculations submitted under the provisions of RS-29 shall be stamped and authenticated by an engineer or architect licensed to practice by the state of Washington. 


[bookmark: _Toc297237958][bookmark: _Toc298158143]Commissioning Details/Specifications – NREC 1141.5

To assist with documentation, NREC Figure 14B Commissioning Compliance Checklist is provided in NREC Chapter 14. This checklist is a convenient way to communicate to the building official that all required commissioning measures have been performed.
	NREC 1141.5 Requirements

	When required by the building official, the plans submitted in support of a building permit shall include a list of the functional tests required to comply with commissioning in accordance with NREC 1416 and NREC 1513.8 as well as the name of the commissioning agent for buildings over 50,000 square feet. 



[bookmark: _Toc297237959][bookmark: _Toc298158144]Materials and Equipment – NREC 1142
Materials and equipment must be labeled or have other documentation to demonstrate NREC compliance. Examples of this type of documentation include:
NFRC U-factor labels on glazing and doors
R-value labels or strips on batt insulation
Nameplate information or NEMA full-load efficiency ratings on non-exempt electric motors
Thickness and conductivity labels on pipe insulation
R-value labels on duct insulation
Nameplate information, ARI certificate, and/or GAMA certificate for heating and cooling equipment
ANSI or UL nameplate information on lamps and ballasts, depending on type

[bookmark: _Toc297237960][bookmark: _Toc298158145]Identification – NREC 1142.1
	NREC 1142.1 Requirements
	All materials and equipment shall be identified in order to show compliance with this Code. 





[bookmark: _Toc297237961][bookmark: _Toc298158146]Maintenance Information – NREC 1142.2
	NREC 1142.2 Requirements

	Maintenance instructions shall be furnished for any equipment which requires preventive maintenance for efficient operation. Required regular maintenance actions shall be clearly stated and incorporated on a readily accessible label. Such label may be limited to identifying, by title or publication number, the operation and maintenance manual for that particular model and type of product.









[bookmark: _Toc297237962][bookmark: _Toc298158147]Inspection – NREC 1143
[bookmark: _Toc316090852][bookmark: _Toc316091267]The building official is required to make field inspections to verify that all provisions noted in the plan review have been addressed and that the project complies with the NREC. 
Inspection is a quality control process used to determine whether substantial compliance has been achieved. The biggest challenge for inspectors is to comprehensively inspect all code-related items in every building. Realistically, this may not be totally achievable, especially in larger complex buildings. For a particular requirement, inspectors strive to maintain a practical balance between total oversight and verifying just enough of the components to get a sense of compliance or non-compliance. The level of inspection detail will always be based on the inspector’s professional judgment that compliance has been achieved.
To assess compliance during an inspection, the inspector uses approved plans, specifications, compliance forms and supporting documents, along with other project submittals from the contractor as necessary. Inspectors are responsible to the building official. Their overall responsibility is to conduct field inspections for energy code compliance and in doing so to:
Respond to applicant’s request(s) for field inspections
Inspect designated areas for compliance with approved plans
Prepare appropriate documents regarding compliance deficiencies
Document the inspection

The applicant shall notify the inspector for each inspection. Work shall not conceal the materials or equipment to be inspected without prior approval of the building official.
[bookmark: _Toc297237963][bookmark: _Toc298158148]General – NREC 1143.1
	NREC 1143.1 Requirements

	All construction or work for which a permit is required shall be subject to inspection by the building official and all such construction or work shall remain accessible and exposed for inspection purposes until approved by the building official. No work shall be done on any part of the building or structure beyond the point indicated in each inspection without first obtaining the approval of the building official.







[bookmark: _Toc297237964][bookmark: _Toc298158149]Required Inspections – NREC 1143.2
	NREC 1143.2 Requirements

	The building official, upon notification, shall make the inspection required in this section, in addition to or as part of those inspections required in Section 109.3 of the International Building Code. Inspections may be conducted by special inspection pursuant to Section 1704 of the International Building Code. 









Envelope – NREC 1143.2.1
Envelope component inspection focuses on the R-Value rating of insulation and evidence that cavities are filled and there is continuity of continuous insulation. Vapor retarder and air barrier continuity are also inspected. U-factor and SHGC labels or nameplate information for glazing and doors are compare to project documentation.
	NREC 1143.2.1 Requirements

	· Wall Insulation Inspection: To be made after all wall insulation and air vapor retarder sheet or film materials are in place, but before any wall covering is placed.
· Glazing Inspection: To be made after glazing materials are installed in the building.
· Exterior Roofing Insulation: To be made after the installation of the roof insulation, but before concealment.
· Slab/Floor Insulation: To be made after the installation of the slab/floor insulation, but before concealment. 

	
	











Mechanical – NREC 1143.2.2
Mechanical system inspections include the following:
Mechanical equipment - Nameplate information is gathered from the heating and cooling equipment, pumps, fan systems, motors and building service water heating equipment. This information is compared with approved plans and specifications to assess equipment efficiency.
Duct and pipe - Ductwork and piping are inspected for proper sealing and insulation. Duct testing results are reviewed for compliance as applicable.
Mechanical system controls – After mechanical equipment is installed and operating, but prior to concealment, mechanical system controls are inspected for compliant operation for thermostatic zones, deadband operation, variable speed operation, integrated economizer functionality and other requirements.
	NREC 1143.2.2 Requirements

	· Mechanical Equipment Efficiency and Economizer: To be made after all equipment and controls required by this Code are installed and prior to the concealment of such equipment or controls.
· Mechanical Pipe and Duct Insulation: To be made after all pipe and duct insulation is in place, but before concealment. 





 Lighting and Motors – NREC 1143.2.3
Lighting system inspections include the following:
Lighting equipment and controls. After lighting controls are installed and operating, but prior to concealment, lighting system equipment and controls are inspected for compliant operation. Installed lighting wattage is compared with approved plans and specifications to assess compliance with maximum allowed wattages for the various spaces they serve.
Motors. Nameplate information from the non-exempt electric motors is gathered and compared with approved plans a specification to assess equipment efficiency.

	NREC 1143.2.3 Requirements

	· Lighting Equipment and Controls: To be made after the installation of all lighting equipment and controls required by this Code, but before concealment of the lighting equipment.
· Motor Inspections: To be made after installation of all equipment covered by this Code, but before concealment. 








 
[bookmark: _Toc297237965][bookmark: _Toc298158150]Re-inspection – NREC 1143.3
	NREC 1143.3 Requirements

	The building official may require a structure to be re-inspected. A re-inspection fee may be assessed for each inspection or re-inspection when such portion of work for which inspection is called is not complete or when corrections called for are not made.








[bookmark: _Toc297237966][bookmark: _Toc298158151]Violations – NREC 1144
	NREC 1144 Requirements

	The building official may require a structure to be re-inspected. A re-inspection fee may be assessed for each inspection or re-inspection when such portion of work for which inspection is called is not complete or when corrections called for are not made.









[bookmark: _Toc297237967][bookmark: _Toc298158152]Conflicts with Other Codes – NREC 1150
	NREC 1150 Requirements

	In case of conflicts among Codes enumerated in RCW 19.27.031 subsections (1), (2), (3) and (4) and this Code, the first named Code shall govern. The duct insulation requirements in this Code or a local jurisdiction's energy code, whichever is more stringent, supersede the requirements in the Mechanical Code.
Where, in any specific case, different sections of this Code specify different materials, methods of construction or other requirements, the most restrictive shall govern. Where there is a conflict between a general requirement and a specific requirement, the specific requirement shall be applicable. 











[bookmark: _Toc297237968][bookmark: _Toc298158153]Severability and Liability – NREC 1160
[bookmark: _Toc297237969][bookmark: _Toc298158154]Severability – NREC 1161
	NREC 1161 Requirements

	If any provision of this Code or its application to any person or circumstance is held invalid, the remainder of this Code or the application of the provision to other persons or circumstances is not affected. 







[bookmark: _Toc297237970][bookmark: _Toc298158155]Liability – NREC 1162
	NREC 1162 Requirements

	Nothing contained in this Code is intended to be nor shall be construed to create or form the basis for any liability on the part of any city or county or its officers, employees or agents for any injury or damage resulting from the failure of a building to conform to the provisions of this Code. 
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[bookmark: _Toc298158156]Chapter 12: Energy Metering Compliance Requirements
[bookmark: _Toc298158157]Overview of Energy Metering Compliance Requirements 
[bookmark: _Toc298158158]Introduction
The overall intent of this chapter is to address the energy metering requirements of the NREC. This chapter applies to all non-residential and multi-family residential buildings, including new buildings, additions to existing buildings, and new and replacement systems or equipment in existing buildings. Energy monitoring is intended to identify how buildings use energy, and identify opportunities for reducing energy consumption. 
 “You can’t manage what you can’t measure” and “information raises awareness,” are famous quotes by W. Edwards Deming, an electrical engineer who developed successful techniques for quality control. The basis of the requirements in this chapter is to provide to building owners the means to effectively monitor the energy consumption of their building systems. With this information they can make informed system management decisions and diagnose potential issues.
Benefits to the owner include the ability to collect energy usage data on their property holdings, evaluate the efficiency of energy conservation measures, and provide means for troubleshooting higher than expected energy consumption. This also can be considered a “future proofing” measure as it aids future energy auditing in the building or managing building demand loads in response to time-of-day energy rates. 
Furthermore, data gained from metering and submetering will benefit the design community as a whole. Metering energy sub-use will help validate assumptions used about building loads, hours of operations, and peak-demand diversity. Currently, mechanical and electrical system designers use default assumptions that may be years out of date or assumptions that were never even based on reliable information. A “right-sized” system that more closely reflects the actual needs of a project should operate more efficiently and save capital cost compared to a conservatively oversized system. 
A building may create a means to deliver energy directly to a function or create an environment which allows the function to occur, but usually it is a combination. Master submetering can be used to monitor process and environmental systems within a building. Strategies for applying submetering should analyze segmenting various portions of process development and environmental support to isolate energy consumption by system or component to create the best opportunity for the metering data to expose the details of energy consumption. The appropriate metering strategy requires an understanding of the building process and how both the environmental support systems integrate with the process. 
The master submetering requirements apply to both electrical and mechanical systems. The application of metering requires a coordinated engineering effort. HVAC, plumbing, and electrical designers will need to coordinate to determine when systems or components of systems trigger the metering and submetering thresholds prescribed in the energy code. Depending on the equipment, integral controls interface may allow for energy metering or additional monitoring equipment may need to be added.
[bookmark: _Toc298158159][bookmark: _Toc317382898][bookmark: _Toc318609776][bookmark: _Toc110693461]Metering Technology
The method used to monitor the consumption of energy varies with the format of the energy.  Gas, steam, and other non-electrical meters can the measure flow of material using mechanical, ultrasonic or other means. The flow must be added mechanically via gears and dials or added electrically via signals to determine total consumption. Some meters have the ability to convert mechanical information into an electrical format which may be sent to a remote location for monitoring.
To obtain electrical energy usage a meter must monitor both current and voltage. Monitoring voltage is usually done by directly tapping the circuit, however monitoring current requires a transformer that must go around each wire of a circuit. Current transformers are expensive, require space, and are available with varying levels of accuracy. If current transformers are to be placed inside of equipment, the equipment enclosure may need to be enlarged, otherwise a separate enclosure is often needed. Voltage taps may require overcurrent protection and a disconnect switch. Meters, current transformers and voltage taps must be placed and installed in accordance with the National Electrical Code as adopted and amended by the local authority having jurisdiction. 
Electrical meters can be made with enhancements that provide building owners with additional information beyond energy consumption. The additional benefits can include:
Recording of maximum demand to determine the spare capacity in a circuit.
Analysis of phase unbalances on multiphase systems
Power factor analysis
Harmonic content to determine if non-linear loads will affect system performance
Power quality to determine if surges or noise may affect system performance
Data logging to document system events, outages, problems

Various components such as circuit breakers, variable speed drives, or control panels can be purchased with integral metering, thereby saving the cost of a separate meter or meter enclosure. 
For many years utilities have obtained energy consumption data by sending a person to look at and manually record the information on the meter display. New technologies now permit Automatic Meter Reading (AMR) which sends the utility’s meter's consumption information to a central location, which saves the utility the expense of sending someone out to read the meter.
Meters installed by building owners may be connected to a remote metering system within the building.  The remote metering system can collect data from individual meters using system software and totalize the values to determine overall usage. Meters may communicate to a remote central system over a dedicated pair of wires, a wireless system, the power lines, or Ethernet. If meters made by different manufacturers are interconnected to a central system the biggest challenge is often to determine the digital communication language or protocol that the metering system will use. Although many building and metering protocols identify themselves as "open", meaning that they will publish their protocol, competing manufacturers may not be willing to create the appropriate gateways to accept the data. 
Some electrical utilities offer meters that create an energy usage signal that can be wired to a customer's remote metering system. The signal is commonly referred to as a KYZ pulse or interval meter.  KYZ pulses are converted to energy consumption data using mathematical ratios that are related to parts of the electrical system and the meter. Software to accept KYZ pulses is commonly available in the building industry and KYZ pulses can often be interpreted by the building mechanical control system. Contact the utility to see if they offer meters with KYZ pulses, however there may be a service charge associated with it.

[bookmark: _Toc298158160]Requirements
The NREC requires all nonresidential and multi-family residential buildings to comply with the requirements of Chapter 12.
	NOTE
	When in doubt about energy metering requirements, ask the local building official for an interpretation. The building official has final approval of all code requirements.



[bookmark: _Toc317382899][bookmark: _Toc318609777][bookmark: _Toc110693462][bookmark: _Toc298158161][bookmark: _Hlt519869808][bookmark: _Hlt518651267]General – NREC 1201
	NREC 1201 Requirements
	All buildings shall comply with NREC Chapter 12. Whole building energy supply sources shall be metered to supply energy consumption data to the building owner to effectively manage energy. The building shall have a totalizing meter for each energy source.


[bookmark: _Toc298158162]Code Requirement Analysis
Depending on the local utility and the uses in the building there may be one or more electrical, natural gas, steam or other energy sources serving the building. Each energy source is required to have a meter regardless of size. 
Comply with the requirement for each energy source to be metered on a building by building basis. Multiple buildings on a single campus cannot be served by only one energy source meter.

[bookmark: _Toc298158163]Whole Building Energy Supply Metering – NREC 1202
	NREC 1202 Requirements
	Meters with remote metering capability or automatic meter reading (AMR) capability shall be provided to collect energy use data for each energy supply source to the building including gas, electricity and district stream, that exceeds the thresholds listed in NREC Table 12-1.  Utility company service entrance/interval meters are allowed to be used provided that they are configured for automatic meter reading (AMR) capability.
Master submetering with remote metering capability (including current sensors or flow meters) shall be provided for the systems that exceed the thresholds in NREC Table 12-1 to collect overall totalized energy use data for each subsystem in accordance with NREC Table 12-2.
Metering shall be digital-type meters for the main meter. Current sensors or flow meters are allowed for submetering. For subsystems with multiple similar units, such as multicell cooling towers, only one meter is required for the subsystem. Existing buildings are allowed to reuse installed existing analog-type utility company service/interval meters.



NREC TABLE 12-1
ENERGY SOURCE METER THRESHOLDS
	Energy Source
	Main Metering Threshold

	Electrical service
	> 500 kVA

	On-site renewable electric power
	> 10 kVA (peak)

	Gas and steam service
	> 300 kW (1,000,000 Btu/h)

	Geothermal
	> 300 kW (1,000,000 Btu/h) heating

	On-site renewable thermal energy
	> 10 kW (30,000 Btu/h)


[bookmark: _Toc298158164]Code Requirement Analysis
The NREC requires nonresidential and multi-family buildings that have energy sources exceeding the values in NREC Table 12-1 to:
Have metering of each individual building energy source, and the metering must be capable of AMR or remote metering.
Comply with requirements for submetering of all components and systems per the thresholds defined in NREC Table 12-2.

NREC 1202 is distinguished from NREC 1201 by NREC Table 12-1. All buildings are required to have metering per NREC 1201, however if the energy source exceeds the value in NREC Table 12-1 the metering must have the capability for remote metering or AMR. Additionally, if the energy source exceeds the value in NREC Table 12-1, it triggers the need for compliance with NREC Table 12-2.
The following are definitions of the various energy sources listed in NREC Table 12-1. 
Electrical service – It is reasonable to utilize the National Electrical Code (NEC) as a basis for determining the capacity of the energy source to be used with NREC Table 12-1. The calculation should be the minimum service size load that is determined after NEC demand factors are applied to the NEC connected load. This is a load calculation, and not the NEC calculation used to determine the minimum size of the service. A 20,000 SF commercial office building will have a load that is in the vicinity of 500kVA. Note that the actual peak energy load is often significantly less, as much as 20% to 70%, than the load calculated in accordance with the NEC.
On-site renewable electric power – This is defined in NREC Chapter 2 as photovoltaic, wind and other systems used to generate electric power and located on the building site. .
Gas and steam service – This applies to any form of fossil fuel (natural gas, propane, oil) and district steam service. The metering threshold of 1M btuh (300 kW) is the approximate service size for a 50,000 SF commercial office building (dependent on envelope and occupancy). Steam generated at a central plant that serves multiple buildings in a facility campus would need to be separately metered at each building.
Geothermal – In ASHRAE Standard 189.1, geothermal is defined as heat extracted from the Earth's interior and used to produce electricity, mechanical power, or provide thermal energy for heating buildings or processes. Geothermal energy does not include systems that use energy independent of the geothermal source to raise the temperature of the extracted heat, such as heat pumps.
On-site renewable thermal energy – This is defined in NREC Chapter 2 as solar thermal energy, such as solar collectors for space heating, service water heating, and pool heating), and geothermal energy and located on the building site.
Per the Washington State Electrical Code (WAC 296-46B-230-001(2)), a building divided into two or more spaces by a firewall of a 2-hour rating or greater (complying with IBC Section 706) may define these individual spaces as separate buildings. This allows each of these spaces to be served by its own electrical service per the NEC (i.e. multiple electrical services are allowed).  This definition also applies to the Washington State Energy Code. 
An energy source meter would be required for each space served by its own electrical service if that service capacity exceeds the threshold in NREC Table 12-1.
A whole building totalizing energy meter would not be required.

If the utility company has the capability for automatic meter reading or remote metering then the utility service meter may be used to monitor energy usage. If the electrical utility company's meter has the capability of providing a KYZ pulse, which could be utilized by an owner’s remote metering system, the electrical utility service meter can be used to monitor electrical energy usage.
If the utility company does not have AMR or remote metering capability, then the building owner must provide the capability for remote metering. Capability for remote metering would be any meter that can export flow rates or energy consumption.
Per the Washington State Electrical Code (WAC 296-46B-230-040(5)), a multi-family building may have more than one electrical service. If none of the individual occupancies in a multifamily project have an electrical service that exceeds the energy source metering threshold in NREC Table 12-1, but when added together the collective total for the whole building exceeds this threshold the following applies: 
A whole building totalizing energy meter would be required.
Submetering on the individual electrical services would not be required. 
An acceptable alternative would be to provide interval energy meters on each of the electrical services. These interval meters would be required to have automatic remote meter reading capability so their collective energy usage data can be totalized. 

NREC TABLE 12-2
COMPONENT ENERGY MASTER SUBMETERING THRESHOLDS

	Component
	Submetering Threshold

	Chillers/heat pump systems
	> 70 kW (240,000 Btu/h) cooling capacity

	Packaged AC unit systems
	> 70 kW (240,000 Btu/h) cooling capacity

	HVAC fan systems
	> 15 kW (20 hp)

	Exhaust fan systems
	> 15 kW (20 hp)

	Make-up air fan systems
	> 15 kW (20 hp)

	Pump systems
	> 15 kW (20 hp)

	Cooling towers systems
	> 15 kW (20 hp)

	Boilers, furnaces and other heating equipment systems
	> 300 kW (1,000,000 Btu/h) heating capacity

	General lighting circuits
	> 15 kVA

	Miscellaneous electric loads
	> 15 kVA



NREC Table 12-2 provides capacity thresholds for various energy consuming components and systems. If the design capacity of the component or system exceeds the threshold, an energy submeter with remote metering capability is required. 
	NOTE
	For components and systems whose capacity exceeds the thresholds defined in NREC Table 12-2, submetering is only required if the energy source that the component or system is connected to also exceeds the thresholds defined in NREC Table 12-1 for energy source metering. This applies to new or replacement systems or equipment in existing.



Building owners have a variety of options when it comes to the available means and methods for master submetering. Meters may be place at each component, and while this will yield detailed energy information, it may not be a cost effective solution for many systems. Components may also be served by the energy distribution system as a group or in subgroups that are related to specific processes, areas, tenants, zones, or other relevant energy consuming entities. The metering designer should evaluate where the information is likely to yield revealing aspects of energy consumption and pick the corresponding metering points and load groupings.
Building owners may establish utility systems that require tenants to pay for their energy usage as part of their lease rates or they may make arrangements for the tenants to be individually metered by the serving utility. In either case, if the tenant has loads that exceed the thresholds in NREC Table 12-2 the loads have to be metered and become part of the system that collect the building's overall totalized subsystem energy usage. It is not the intent of the energy code for the metering system to be used to provide data for an owner to charge tenants directly for energy use, and doing so may impinge upon the rights of the utility that provides the energy.
The following further describes various energy components listed in NREC Table 12-2. 
Chillers and heat pump systems The submetering threshold for this system type is 70 kW (240,000 Btu/hr). A typical office building requires approximately one ton of cooling capacity (12,000 Btu/hr) for every 400 square feet of conditioned space, thus the threshold is triggered at approximately 8,000 square feet of office space.
Packaged AC unit systems The submetering threshold for this system type is 70 kW (240,000 Btu/hr). A typical office building requires approximately one ton of cooling capacity (12,000 Btu/hr) for every 400 square feet of conditioned space, thus the threshold is triggered at approximately 8,000 square feet of office space.
General lighting circuits – Includes electric lighting for general illumination throughout a building or occupied space. Specific use electric lighting, such as medical or dental exam lighting, are not included in this definition.
Miscellaneous electric loads - Miscellaneous electric loads are any other electric load that is not cited in NREC Table 12-2. This may include plug loads and electric circuits for items such as for commercial cooking and refrigeration equipment, elevators and escalators, or any other process that takes place inside the building. 

The last two items on this list, lighting circuits and miscellaneous electric loads are energy end-uses that are typically dependent on occupant control and behavior. Submetering lighting circuits can help determine if lighting control systems are operating properly or being overridden. This might indicate that the controls sequence is inappropriate for tenant needs or that occupant education is required. Miscellaneous loads are left un-addressed in current codes, thus submetering presents the opportunity for building owners and occupants to decide if equipment or behavior changes are warranted to prevent unnecessary energy consumption and costs. 
	
NOTE
	The 2009 NREC requires that the necessary devices be provided with remote metering capability. Remote capability must be used if it is needed to collect the overall totalized energy usage data for the identified grouping of components in NREC Table 12-2. The components of NREC Table 12-2 are not required to be totalized again into a complete energy system summing all components together. If the energy distribution system is configured to deliver energy in accordance to groups of components listed in NREC Table 12-2 the remote metering capability would be required, but would not have to be utilized.


Building owners should fully consider the variety of uses that a building may be subject to over the life of the building. Retrofitting energy source metering into a utility service or master component submetering into an electrical switchboard can be very expensive. If a building is close to the threshold or may exceed the threshold depending on tenant mix or usage changes, it would be wise to assure that the required metering is in place as part of the initial construction.

[bookmark: _Toc298158165]Metering – NREC 1203
	NREC 1203 Requirements
	Where new or replacement systems or equipment is installed that exceeds the threshold in NREC Table 12-1 or Table 12-2, metering shall be installed for that system or equipment in accordance with NREC 1201.



This section defines requirements for existing buildings where new or replacement systems or equipment are installed. The following are a variety of situational examples that demonstrate the requirements of this section.
If an existing building or shell and core building performs a tenant improvement that requires the electrical service to be up-sized from a capacity that was less than the threshold in NREC Table 12-1 to a capacity that is greater than the threshold, then: 
An energy source meter would be required for this up-sized electrical service.
Any new, retrofitted or repaired components or systems included in the tenant improvement project would be required to be submetered.
Any existing components or systems that are not replaced would not be required to be submetered.

If an existing building undergoes a tenant improvement project where new or replacement equipment components are installed, and the project complies with all applicable requirements of NREC 1132 (1132.1 Building Envelope, 1132.2 Mechanical Systems, 1132.3 Lighting and Motors), and existing energy sources, equipment components and/or systems do not have energy metering capability, then source and master submetering requirements in NREC Chapter 12 apply to the tenant improvement portion of the work.
For an alteration or repair to an existing building, NREC 1203 requirements would not apply.
[bookmark: _Toc298158166]
Chapter 14 – Energy Metering Requirements
Provisions have been added to NREC Chapter 14 – Mechanical to support the energy metering requirements of NREC Chapter 12.
[bookmark: _Toc298158167]Direct Digital Control System Capabilities – NREC 1432.4
	NREC 1432.4 Requirements
	All complex systems equipped with direct digital control (DDC) systems and all buildings with total cooling capacity exceeding 780,000 Btu/hr (228 kW) shall have the following capability:
Trending: All control system input and output points shall be accessible and programmed for trending, and a graphic trending package shall be provided with the control system.
· Demand Response Setpoint Adjustment: Control logic shall increase the cooling zone set points by at least 2°F (1°C) and reduce the heating zone set points by at least 2°F (1°C) when activated by a demand response signal. The demand response signal shall be a binary input to the control system or other interface approved by the serving electric utility.


The trending requirements of this section allow for after-the-fact troubleshooting for mechanical system. While these tending requirements are only required for the NREC Chapter 12 energy submetering system if tied into the building automation system. 
Building owners and operators can verify the performance of the mechanical systems over the course of days, weeks or months. This is significantly more useful information that simply a live “snapshot” of system performance, which is the result of metering without trending. 
Demand Response Setpoint Adjustment is a “future proofing” measure that will allow for virtually instantaneous load shedding during periods of high utility demand. Benefits to the building owner and occupants could include preferred utility rates or avoidance of peak-demand charges. Though few utilities have implemented demand response control, there is increasing emphasis being placed on so-called “smart-grid” solutions in lieu of adding capacity to the grid via traditional fossil-fuel electricity generation. 
[bookmark: _Toc298158168]Commissioning – NREC 1416
While there are no requirements in NREC Chapter 12 that require the main metering or submetering system to be commissioned this is a important step to ensuring a functional metering system for the building owner. Recommend that designers require these systems to be commissioned.
[bookmark: _Toc298158169]Domestic Hot Water Meters –NREC 1446
	NREC 1446 Requirements
	Each individual dwelling unit in a Group R-2 Multi-Family residential occupancy with central service shall be provided with a domestic hot water meter to allow for domestic hot water billing based on actual domestic hot water usage.


The requirements of NREC 1446 go hand-in-hand with the intentions of the energy metering and submetering requirements. By requiring domestic hot water submetering and billing on a unit-by-unit basis in multi-family residential projects, occupants are provided further incentive and reward for curtailing their personal hot water use. Without submetering, the total cost of domestic hot water would likely be divided amongst all tenants based on a metric such as number of bedrooms or square-footage. 

[bookmark: _Toc298158170]NREC Energy Metering Compliance Forms
Many jurisdictions may require that the energy metering information be provided using the NREC Metering Compliance Forms. These forms include:
ReadMe - Instructions for Electronic Forms
MTR-SUM – A place to document capacities of energy sources, components and systems that are required to be metered. Includes meter type used.
MTR-CHK - 

A technical webinar that provides instructions for completing these forms is available on the Northwest Energy Efficiency Council website: www.NEEC.net. 
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[bookmark: _Toc298158171][bookmark: _Toc110690682][bookmark: _Toc318786631][bookmark: _Toc318706211][bookmark: _Toc297394857]Chapter 13: Envelope Compliance Requirements
Overview of Envelope Compliance Requirements
[bookmark: _Hlt518471648][bookmark: _Toc318706212][bookmark: _Toc318786632][bookmark: _Toc354806061][bookmark: _Toc110690683][bookmark: _Toc297394858]Introduction
[bookmark: _Hlt519431066]The overall intent of this chapter is to address the envelope requirements of the NREC. This chapter applies to all non-residential and multi-family residential buildings and occupancies, unless expressly excluded in NREC 1301.
NREC compliance forms are available and have been designed as tools to help designers comply with the code and plan reviewers and inspectors to enforce the code. When properly completed, these forms will show compliance or noncompliance. A complete set of envelope forms are located under NREC Envelope Compliance Forms.
Building envelope design is a complex process involving consideration of many variables including: structural integrity, safety, durability, aesthetics, client objectives, energy use, and economics. The principal requirements of the building envelope are to control heat flow, air flow, water vapor flow, rain penetration, light, solar and other radiation, noise, and fire; to provide structural integrity, durability, be aesthetically pleasing, and economical. The NREC envelope performance standards are intended to limit the heating and cooling loads generated by the building envelope that then have to be managed by the mechanical systems at an energy cost. This is accomplished by reducing heat energy loss and gains through the building envelope.
Heat energy is transferred to or from a conditioned space in three ways: 
· Conduction is the process by which heat energy is transferred through the envelope assemblies (wall, roof/ceiling, floors, glazing, structure). This is mitigated by filling spaces between envelope framing members with insulation and applying continuous insulation across structural components to eliminate thermal bridging. Thermal breaks and multiple glass panes in glazing systems are used to manage conduction through glazing. 
· Convection is the transfer of heat energy via air leakage through the envelope. Air leakage (or air infiltration) is the uncontrolled flow of air between a conditioned space and an unconditioned space or the outdoors. Air leakage can impose large heat energy losses as well as increased fan energy demand to maintain building pressurization. Air leakage is managed through comprehensive sealing and a continuous air barrier. 
· Radiation is the direct transport of energy through space. Radiative heat transfer of solar energy is known as solar gain when applied to buildings. This is of particular concern with glazing components and is the basis of the Solar Heat Gain Coefficient (SGHC) requirements. Thermal (low-E) coatings are used to manage radiation through glazing.
· Water Vapor– In addition, moisture contained in air can infiltrate from a heated space to an unheated space and condense within walls, roofs, and floors. This reduces the thermal performance of the building insulation and can cause decay. Continuous vapor retarders can effectively prevent this moisture flow.

By addressing all four of these parameters, the building envelope can offer an effective means of energy conservation and occupant comfort.
	NOTE
	[bookmark: _Hlt518482693][bookmark: _Hlt519431070][bookmark: _Hlt517250617][bookmark: _Hlt518482684][bookmark: _Hlt518482716]See NREC 1132.1 for information on when and how the building envelope chapter of the NREC affects tenant improvements.


[bookmark: _Hlt518471645][bookmark: _Toc318706213][bookmark: _Toc318786633][bookmark: _Toc354806062][bookmark: _Toc110690684][bookmark: _Toc297394859]
[bookmark: _Toc298158172]Summary of Requirements
The NREC requires nonresidential and multi-family residential buildings to:
Comply with minimum performance requirements for cavity insulation.
Comply with minimum performance requirements for continuous insulation to address thermal bridging.
Comply with vapor retarder requirements.
Comply with envelope sealing and air barrier requirements to mitigate air leakage.
Demonstrate through either the prescriptive or component performance compliance options that the performance of the entire envelope is within guidelines.
When applicable, comply with air barrier testing and documentation requirements.

	Option
	Advantages
	Disadvantages

	Prescriptive
	May save design time
Saves code compliance calculation time

	Does not allow trading of less efficiency in one component area (walls, glazing, floors, ceilings/roofs, and doors) for more efficiency in another
Not very flexible

	Component Performance
	Flexible design  
Allows trading of less efficiency in one component for more energy efficiency in other components

	More expertise required
More design time required
More code compliance calculation time required



Table #13-1 – Prescriptive vs. Component Performance Compliance Options

As an alternative to the prescriptive or component performance compliance options, the systems analysis approach may be applied. In this approach the building envelope, lighting and mechanical systems are considered together rather than as separate systems. When using systems analysis, the proposed building as a whole shall be demonstrated to provide equal or better conservation of energy that the prescriptive design. Instructions for this approach are covered in the appendix Reference Standard 29 – Non-Residential Building Analysis By Systems Analysis. Additional requirements are defined in NREC 1141.4.
	NOTE
	There are three main categories of space conditioning: unheated or uncooled (unconditioned), semi-heated, and fully heated and/or cooled (conditioned). The starting point for NREC compliance is that all spaces are considered conditioned. Only spaces approved by the building official as unconditioned spaces are exempt from the NREC envelope requirements. 





[bookmark: _Toc318706214][bookmark: _Toc318786634][bookmark: _Toc354806063][bookmark: _Toc110690685][bookmark: _Toc297394860][bookmark: _Toc298158173]Exceptions to Chapter 13 Requirements – NREC 1301
There are four space type exceptions to the envelope requirements of the NREC. Many of the general design guidelines also include exceptions that apply to a particular component or situation. They do not apply to a whole space, unless that whole space involves the exempt component or situation. When in doubt, consult your local building official.
Space type exceptions to the requirements of Chapter 13 include:
1. Greenhouses – Greenhouses isolated by the building envelope from any conditioned space and not intended for occupancy.  Isolated means physically separated, for example standing alone or separated by the building envelope.  Some greenhouses require a high level of glazing that in low solar gain periods require high levels of heating energy use.  Commercial greenhouse growing requirements are so diverse and variable that it is difficult to develop effective code guidelines for them.
2. Unconditioned spaces - Spaces that are not assumed to be at least semi-heated, as approved by the building official.  This exception also assumes that this space is not mechanically cooled.  
3. Unconditioned Group U occupancy accessory to Group R occupancy - This exception was developed for unconditioned structures associated with or attached to dwellings.  Note that if a Group U occupancy space is intended to have supplemental heating for freeze protection it would then fall under the semi-heated space category.  It would not qualify for this exception if the installed heating capacity is greater than 3 Btu/hr•ft2 in Climate Zone 1 and 5 Btu/hr•ft2 in Climate Zone 2. 
The IBC defines Group U occupancy as Utility and Miscellaneous structures that are accessory in nature and not defined in any specific occupancy group.  Examples include:  private garages, carports, sheds, agricultural buildings.
4. Unstaffed equipment shelters - Unstaffed equipment shelters or cabinets used solely for personal wireless service facilities.
	NOTE
	Group R occupancy under the Non-Residential chapters of the Code applies to multifamily residential spaces.

Multifamily Residential is defined under NREC Chapter 2 as:
· All Group R Occupancy not falling under the scope of IRC 101.2 including, but not limited to, dwelling units (such as apartments, townhouses and condominiums), hotel/motel guest rooms, dormitories, fraternity/sorority houses, hostels, prisons;
· All sleeping areas in Group I Occupancy including, but not limited to, assisted living facilities, nursing homes, patient rooms in hospitals, prisons, and fire stations; and
· All sleeping areas in other occupancies.

The IRC R101.2 defines Single Family Residential as:
· …“detached one- and two-family dwellings and townhouses not more than three stories above grade plane in height with a separate means of egress”.




[bookmark: _Hlt518471638][bookmark: _Toc318706215][bookmark: _Toc318786635][bookmark: _Toc110690686][bookmark: _Toc297394861][bookmark: _Toc298158174]Space Heat Types – NREC 1302
It is important to understand that as a general rule the NREC is fuel blind. Space heating type is not a factor for compliance requirements except for a few cases that are explicitly defined as such. These sections include:
NREC 1310.2  Semi-Heated Spaces
NREC 1322  Opaque Envelope Prescriptive Compliance
[bookmark: _Hlt518471590]
There are two space heating types defined in this section.
Electric Resistance - Space heating systems which use electric resistance elements as the primary heating system including baseboard, radiant and forced air units where the total electric resistance heat capacity exceeds    1.0 W/ft2 of the gross conditioned floor area.

Other – This heating system category covers all other types of heating systems.
Natural gas, solid fuel, oil and propane heating systems.
Electric heat pumps and associated back-up electric resistance heat that meets the control requirements defined in NREC 1412.5.
Terminal electric resistance heating in variable air volume (VAV) distribution systems
[bookmark: _Hlt518471584][bookmark: _Toc297394862][bookmark: _Toc298158175]
Climate Zones – NREC 1303
[image: 412]The NREC establishes two Climate Zones to compensate for the weather distinctions between the western and southern parts of the state (Climate Zone 1) and the central and eastern parts of the state (Climate Zone 2). Because Climate Zone 2 has more extreme weather conditions, envelope requirements are more stringent for Climate Zone 2 than for Climate Zone 1.

Figure #13-1- Climate Zone Map

[bookmark: _Hlt518483307][bookmark: _Hlt519431141][bookmark: _Hlt518483311][bookmark: _Hlt519431144]Performance requirements for the various envelope components are listed in NREC Tables 13-1 and 13-2. NREC Table 13-1 provides requirements for Climate Zone 1. NREC Table 13-2 provides requirements for Climate Zone 2. Both tables are further divided into requirements for Non-Residential and Multi-Family Residential buildings. 

[bookmark: _Toc318706219][bookmark: _Toc318786639][bookmark: _Toc110690690][bookmark: _Toc297394863][bookmark: _Toc298158176]General Requirements – NREC 1310
Chapter 13 defines envelope requirements for all conditioned and semi-heated nonresidential and multifamily spaces, with the exception of those spaces exempted under NREC 1301 Scope. General envelope requirements include:
Thermal insulation and thermal bridging management (continuous insulation) of roofs/ceilings, walls and floors
Thermal insulation and solar gain management of glazing and doors
Moisture control within roof/ceiling assemblies, walls, floors and crawlspaces
Air leakage control within envelope components, including continuous air barrier requirements and testing

[bookmark: _Hlt518471576]


[bookmark: _Toc318706220][bookmark: _Toc318786640][bookmark: _Toc110690691][bookmark: _Toc297394864][bookmark: _Toc298158177]Semi-Heated Spaces – NREC 1310.2

A semi-heated space is defined in Chapter 2 as an enclosed space within a building, including adjacent connected spaces separated by an un-insulated building component such as a storage area, basement, utility room, or garage. To qualify as semi-heated this space must meet all of the following criteria: 

· It is not a fully heated and/or cooled space.
· It is not a cold storage or frozen storage space.
· The installed heating equipment output does not exceed the allowable limits for a semi-heated space.

When a semi-heated space shares an envelope component such as a wall or floor with a conditioned space, the component must be fully insulated to the same level as required for a conditioned space.
	NREC 1310.2 Requirements

	All spaces shall be considered conditioned spaces unless they meet the following heating system output capacity limits for semi-heated spaces: 
· For Climate Zone 1, heating system output shall be between 3 Btu/(h  ft2) and 8 Btu/(h  ft2). 
· For Climate Zone 2, heating system output shall be between 5 Btu/(h  ft2) and 12 Btu/(h  ft2).
For semi-heated spaces, the building envelope shall comply with all of the same requirements as that for conditioned spaces.
For compliance purposes, semi-heated spaces shall be calculated separately from conditioned spaces. Compliance may be demonstrated via the prescriptive, component performance or systems analysis paths.

	NREC 1310.2 Exceptions
	For semi-heated spaces heated by other fuels only, wall insulation is not required for those walls that separate semi-heated spaces from the exterior, provided that the space is heated solely by a heating system controlled by a thermostat with a maximum setpoint capacity of 45ºF, mounted no lower than the heating unit. 
All other envelope requirements still apply.


	NREC 1310.2 Clarifications
	Unconditioned Space - Has no installed heating or cooling, or has installed heating output capacity not greater than the following:

Climate Zone 1:  not greater than 3 Btu/(hr•ft²)
Climate Zone 2:  not greater than 5 Btu/(hr•ft²)
Note that prior approval by a building official is required to waive NREC requirements for an unconditioned space. 




	NOTE
	Thermocouples may be acceptable as heating system control sensors. A thermocouple may be installed at the level of the heating equipment and connected to a more easily accessible thermostat.
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Figure #13-2 – Requirements for Semi-Heated Spaces

[bookmark: _Toc297394865][bookmark: _Toc298158178]Cold Storage and Refrigerated Spaces – NREC 1310.3

These requirements apply to frozen or cold storage spaces such as fruit and vegetable storage warehouses, meat and seafood packing facilities, research facilities, and other spaces that need to be maintained at a lower space temperature that a typical building. During warm weather periods the temperature differential between the exterior and the interior is greater than in a non-refrigerated space. The energy impact due to envelope heat gain in this type of space is greater, therefore the insulation requirements for envelope components in refrigerated spaces are more stringent. 
Cold storage spaces are defined in Chapter 2 as spaces that are mechanically cooled and are designed to be maintained at a space temperature between 28 F and 45 F (-2.2 C - 7 C). Refrigerated warehouse spaces contain cold storage spaces or frozen storage spaces that have a total area exceeding 3,000 ft². This Code section does not govern manufactured walk-in coolers or freezers. Design standards and energy efficiency requirements for this equipment are defined under the Energy Independence and Security Act of 2007 (EISA). Refer to the Department of Energy (DOE) website for more information. 
	NREC 1310.3 Requirements

	Exterior and interior surfaces of frozen storage spaces or cold storage spaces in refrigerated warehouses may comply with either the prescriptive or component performance approach using insulation values in NREC Table 13-3. This table provides requirements for exterior roof/ceiling, walls, floors and interior partitions. Interior partitions include any wall, floor or ceiling that divides frozen storage spaces or cold storage spaces from each other, and/or conditioned spaces, unconditioned spaces, or semi-conditioned spaces. 
The remainder of refrigerated warehouse areas containing conditioned or semi-conditioned spaces shall comply by using either the prescriptive or component performance approach using NREC Tables 13-1 and 13-2.

	NREC 1310.3 Exceptions
	· Areas within refrigerated warehouses that are designed solely for the purpose of quick chilling or freezing of products with design cooling capacities of greater than 240 Btu/hr-ft2 (2 tons per 100 ft2).
· Controlled atmosphere storage exterior floor and partition wall insulation.


TABLE 13-3
REFRIGERATED WAREHOUSE INSULATION
	Space
	Surface
	Minimum R‑Value
(°F·hr·ft2/Btu)

	Frozen Storage Spaces
(28°F or below)
	Exterior Roof/Ceiling
	R-36

	
	Exterior Wall
	R-36

	
	Exterior Floor
	R-36

	
	Interior Partition1
	R-28

	Cold Storage Spaces
(2°-45°F)
	Exterior Roof/Ceiling
	R-28

	
	Exterior Wall
	R-28

	
	Interior Partition1
	R-19



Table #13-2 – Refrigerated Warehouse Insulation
[bookmark: _Toc318706221][bookmark: _Toc318786641][bookmark: _Toc110690692][bookmark: _Toc297394866][bookmark: _Toc298158179][bookmark: _Hlt519430553]Insulation – NREC 1131
As a general rule, if there is temperature differential across an envelope component a thermal barrier is required in the form of insulation. There are two required elements to this thermal barrier:
Cavity insulation – This insulation reduces heat transfer by filling spaces between framing members with a porous, semi-rigid, or rigid foam material.   Porous insulation, such fiberglass or cellulous batt, and semi-rigid insulation, such as mineral wool, immobilize the air within the cavity which then acts as an insulator.  Rigid foam materials such as expanded or extruded polystyrene, polyurethane or polyisocyanurate, act as a solid thermal barrier and may also be used as a vapor retarder depending on composition and thickness.
Continuous insulation (c.i) – Insulation that is continuous across all structural framing members without thermal bridges other than fasteners and service openings.  It is installed on the interior or exterior or is integral to any opaque surface of the building envelope.   Additional information is available in an NREC Fact Sheet on Continuous Insulation, which is available on the NEEC website – www.neec.net.
NREC requirements ensure that insulation is installed properly so it performs to its rated level of effectiveness. When possible, obtain tested performance values for insulation materials from the manufacturer. These values should be verified by an independent testing laboratory; do not rely on just the manufacturer’s claims. 
	NOTE
	[bookmark: _Hlt518484076]It is acceptable to show compliance using the default assembly U-factors provided in NREC Chapter 10. These values are generally conservative. The ASHRAE Handbook of Fundamentals is also an acceptable resource for this information.



In some cases it may be advantageous to use intermediate or advanced framing in corners and intersecting walls. Refer to NREC 1005.2 for descriptions of Standard, Intermediate and Advanced framing procedures. Default assembly values for these framing procedures are available in NREC Chapter 10.
[bookmark: _Toc297394867][bookmark: _Toc298158180]Insulation Requirements – NREC 1311.1
	NREC 1311.1 Requirements
	All insulation materials shall be installed according to the manufacturer's instructions to:
· achieve proper densities
· maintain clearances
· maintain uniform R-value performance 
To the maximum extent possible, insulation shall extend over the full component area to the intended R-Value (intended to be insulated).

	[bookmark: _Toc318706222][bookmark: _Toc318786642]NOTE
	Fiberglass batt insulation performance is accomplished by trapping air within the insulation material, which acts as an insulator. If batt insulation is compressed its insulating value decreases. Refer to NREC Table 10-A for de-rated insulation values associated with various cavity depths.



[bookmark: _Toc297394868][bookmark: _Toc298158181]Roof/Ceiling Insulation – NREC 1311.2

Roofs are divided into four categories in the NREC. Each have specific requirements for insulation minimum R-Value, assembly maximum U-Factor and installation methods. Definitions for these categories are provided in NREC Chapter 2. Install roof/ceiling insulation in a permanent manner with attention to preventing moisture damage.
1. Insulation entirely above deck – A roof with all insulation installed above or outside of the roof structure. Prescriptive insulation is required to be installed in a continuous (c.i.) fashion, meaning that it is uninterrupted by structural framing members other than fasteners and service openings. 

2. Metal building roof - This roof type is constructed with a metal, structural, weathering surface; has no ventilated cavity; and has the insulation installed entirely below deck. Its structure is configured with either insulation installed between the metal roofing and the steel framing members, or insulated metal roofing panels. Prescriptive insulation system is required to be a combination of cavity insulation and a liner system. 

A liner system is a continuous membrane installed below the purlins that is uninterrupted by framing members. Uncompressed, unfaced insulation rests on top of the membrane between the purlins. For prescriptive compliance, a minimum R-3 thermal spacer block between the purlins and the metal roof panels is required.

	NOTE
	Metal buildings – A complete integrated set of mutually dependent components and assemblies that form a building, which consists of a steel-framed superstructure, metal skin and insulation.



3. Single rafter – A simple ridge and purlin roofing system constructed of wood or metal framing with insulation installed entirely below the roof structure. Only cavity insulation is required for prescriptive compliance.

4. Attic and other roofs - All other roofs, including roofs with insulation entirely below the roof structure (i.e., attics, cathedral ceilings, and single-rafter ceilings), roofs with insulation both above and below the roof structure, and roofs without insulation but excluding metal building roofs. Prescriptive compliance requires that the structure be configured in the advanced framing method to provide for full and even depth cavity insulation extending to the outside edge of exterior walls. Or provide a much higher rated insulation if the cavity depth varies from the roof ridge to the exterior wall edge. 

	NREC 1311.2 Requirements
	· Where two or more layers of rigid board insulation are used in a roof assembly, the vertical joints between each layer shall be staggered. 
Open-blown or poured loose-fill insulation may be used in attic spaces when the following requirements are met:
Slope of the ceiling is not more than 3/12 (loose-fill insulation installed on a ceiling with a slope greater than 3/12 can slide down the ceiling over time)
There is at least 30 inches of clear distance from the top of the bottom chord of the truss or ceiling joist to the underside of the sheathing at the roof ridge (installers need room to maneuver to adequately install insulation)
When eave vents are installed, create baffles at the vent openings to deflect incoming air above the insulation surface.  Baffles also help prevent insulation from being blown into the vents.
When installing insulation above a suspended ceiling containing recessed lighting fixtures, the insulation must not be in contact with the ceiling.  Insulation over ceiling tiles is often moved when accessing ceiling space for service.  The insulation must be placed elsewhere in the roof/ceiling, such as between the framing or on top of the roof deck.  Dropped ceilings also tend to be leaky and allow air movement to negate the insulation.
When insulation batts are installed in wood framing, the backing must be face-stapled to prevent compression.

	NREC 1311.2 Exceptions
	An exception to the requirements for recessed lighting fixtures may apply if the light fixtures are IC (insulation contact) rated.  

	
	

	
	


[bookmark: _Hlt518471567]
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Figure #13-3 – Roof/Ceiling Insulation for Suspended Ceiling

[bookmark: _Toc297394869][bookmark: _Toc298158182]Wall Insulation – NREC 1311.3

Walls are divided into four categories in the NREC. Each have specific requirements for insulation minimum R-Value, assembly maximum U-Factor and installation methods. Definitions for these categories are provided in NREC Chapter 2. 
Note that above-grade walls and below-grade walls have identical insulation requirements. Below-grade walls are defined as the portion of a wall that is entirely below the finished grade and is in contact with the ground. This includes basements, foundation walls and subterranean building walls adjacent to conditioned spaces. 
1. Mass wall – A wall with thermal conductivity (also referred to as heat capacity) that exceeds 7 Btu/ft2°F. If the wall has a density less than 120 lb/ft3, then the heat capacity may be 5 Btu/ft2°F and still qualify as a mass wall. This allows some brick veneer on steel stud to be considered a mass wall. A prescriptive nonresidential mass wall in Climate Zone 1 (only) may also be constructed of ASTM C90 concrete block, ungrouted or partially grouted at 32 inches or less on center vertically and 48 inches or less on center horizontally, with ungrouted cores filled with material having a maximum thermal conductivity of 0.44 Btu-in/hft2°F. Refer to Table 13-1, Footnote 1. Prescriptive insulation is required to be installed as continuous insulation (c.i.).

2. Metal building wall – A wall whose structure consists of metal spanning members supported by steel structural members. This definition does not include spandrel glass or metal panels in curtain wall systems. Prescriptive insulation system is required to be a combination of cavity insulation and continuous insulation (c.i.).

3. Steel framed wall – A wall with a cavity (insulated or otherwise) whose exterior surfaces are separated by steel framing members, such as typical steel stud walls and curtain wall systems. Prescriptive insulation system is required to be a combination of cavity insulation and continuous insulation (c.i.). 

5. Wood framed and other walls – All other wall types, including wood stud walls. Prescriptive insulation system is required to be a combination of cavity insulation and continuous insulation (c.i.) except for nonresidential walls in Climate Zone 1 where only cavity insulation is required.

	NREC 1311.3 Requirements
	Completely fill any enclosed framing voids with insulation.
Face-staple faced batts installed in wood framing. Face-stapling reduces compression that occurs when batts are inset stapled.  Batts placed into wall cavities and not stapled may slide down over time and lose some of their insulation value.
Protect above-grade exterior insulation from the elements such as moisture or sunlight, which can cause the material to degrade over time.

	
	


[bookmark: _Hlt518471560][bookmark: _Toc297394870][bookmark: _Toc298158183][bookmark: _Toc110690696]Floor Insulation – NREC 1311.4

Floors are divided into three categories in the NREC. Each have specific requirements for insulation minimum R-Value, assembly maximum U-Factor and installation methods. Definitions for these categories are provided in NREC Chapter 2. 
Requirements in this section pertain to floors that separate a conditioned space from an unconditioned space, which are buffered from exterior ambient conditions including vented crawlspaces, unconditioned basements and similar spaces. It also pertains to floors exposed to exterior ambient conditions including open parking garages and enclosed garages that are mechanically ventilated. Install floor insulation so that it is adequately supported, paying particular attention to preventing moisture damage. 
Mass floor – A floor with thermal conductivity (also referred to as heat capacity) that exceeds (a) 7 Btu/ft2°F or (b) 5 Btu/ft2°F] provided that the floor has a material unit weight not greater than 120 lb/ft3.  Prescriptive insulation is required to be installed as continuous insulation (c.i.).

Steel joist floor – A floor that is not a mass floor and has steel joist members supported by structural members. Prescriptive insulation system is required to be a combination of cavity insulation and continuous insulation (c.i.).

Wood framed and other floors – All other floor types, including wood joist floors. Only cavity insulation is required for prescriptive compliance.

	NREC 1311.4 Requirements
	Install floor insulation in a permanent manner so that it is in substantial contact with the surface being insulated.  Air spaces between the floor sheathing and insulation can allow convective air movement and negate the insulation value.
Insulation support spacing should not be more than 24” on center.
Installed insulation must not block airflow through foundation vents.  Doing so can cause moisture to accumulate in the crawlspace, reducing insulation effectiveness.



[bookmark: _Hlt518471557][bookmark: _Toc297394871][bookmark: _Toc298158184]Slab-On-Grade Floor – NREC 1311.5

A slab-on grade floor is defined in Chapter 2 as any portion of a slab floor in contact with the ground which is less than or equal to 24 inches below the final elevation of the nearest exterior grade. Slab-on-grade insulation shall be configured and installed to provide a complete thermal break between the slab and the ground.
	NREC 1311.5 Requirements
	These prescriptive requirements apply to unheated slab-on-grade floors.
If installed inside the foundation wall:  insulation shall extend downward from the top of the slab a minimum distance of 24-inches, or to the top of the footing.  
If installed outside the foundation wall:  insulation shall extend downward a minimum of 24-inches, or to the frost line, whichever is greater.
Protect above-grade insulation with flashing, or cover it in a manner acceptable to the building official.  This protects the insulation from solar (UV) degradation and mechanical damage.

	NREC 1311.5 Exceptions
	For monolithic slabs, extend the exterior insulation downward from the top of the slab to the bottom of the footing.
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[bookmark: _Hlt518471553]Figure #13-4 – Slab-On-Grade Floor Insulation

[bookmark: _Toc297394872][bookmark: _Toc298158185]Radiant Floors (on or below grade) – NREC 1311.6

A radiant floor is defined in Chapter 2 as a slab floor assembly on grade or below, that contains heated pipes, ducts, or electric heating cables that provide complete or partial heating of the structure. Radiant heating is an energy efficient method of space heating. By warming surfaces versus warming air, the same comfort level can be provided at a lower space temperature that is also maintained more consistently. 
Since heat energy generated by (energy consuming) mechanical systems is directed into the floor, it is important to adequately insulate this floor to avoid loss of this heat energy into the ground. Insulation shall be configured and installed to provide a complete thermal break between the slab and the ground.
	NREC 1311.6 Requirements
	These prescriptive requirements apply to heated slab-on-grade or below grade floors.  
The insulation shall extend downward from the top of the slab a minimum distance of 36-inches, or downward to the top of the footing and horizontally for an aggregate of not less than 36 inches.    
Insulation must also be installed horizontally underneath the radiant slab for an aggregate of no less than 36-inches.  
Prescriptive insulation is required to be installed as continuous insulation (c.i.).
The entire area of a radiant slab may need to be thermally isolated under the following conditions:
Where a soil gas control system is provided below the radiant floor, this floor shall be thermally isolated from the sub-floor gravel layer.
If local soil conditions increase the potential for convective heat loss, such as in the case where a high level of moisture is anticipated, the building official may required the entire radiant slab area be thermally isolated from the soil.
Protect above-grade insulation with flashing, or cover it in a manner acceptable to the building official to protect it from solar (UV) degradation and mechanical damage.
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Figure #13-5 – Radiant Floor Insulation
In the image on the left, the NREC state that it is acceptable to install insulation down to the top of the footing and then horizontal to achieve the required 36-inches. The image on the right applies only if the building official requires that the entire slab be insulated.

[bookmark: _Toc297394873][bookmark: _Toc298158186]Glazing and Doors – NREC 1312
Glazing is defined in Chapter 2 as all areas, including the frames, in the shell of a conditioned space that let in natural light. This includes windows, clerestories, skylights, plastic panels, glass block walls, and sliding or swinging glass doors. The total area of the glazing is measured using the rough opening, which includes the glazing, sash and frame. Note that glazing is also referred to in the NREC as fenestration. 
 (
Glazing tilted 60 degrees or more is considered vertical glazing. Glazing tilted less than 60 degrees is considered overhead glazing. The distinction between overhead and vertical
 glazing is illustrated at left
.
 For glazing area within a sliding, swinging or overhead door, if the glazing area is less than 50% of the total door area then the daylight opening area is the glazing area. If the daylight opening area in the door is greater than 50%, the glazing area is defined as the entire door area.
Glazing and doors 
contribute to heat energy loss through the envelope in the form of conductive heat transfer, heat energy gain in the form of solar radiation heat transfer (solar gain), and heat energy loss in the from of radiation heat transfer.  Depending on outdoor conditions, conductive heat transfer through glazing increases the amount of mechanical heating needed to maintain space temperature.   Solar radiation through glazing increases the necessary amount of mechanical cooling.  
)[image: ]Figure #13-6 – Overhead (Horizontal) vs. Vertical Glazing

Glazing U-factor is a measure of how well a glazing component limits conduction. Although the glazing market offers many high performance products, even the best products still have U-factors that are 10 times higher (allowing greater heat loss) than other envelope components (walls, floors, and roofs/ceilings). The Solar Heat Gain Coefficient (SGHC) is a ratio of the amount of available solar radiation that a glazing component will allow to pass through a window into the space. This applies to the entire glazing assembly, which includes the window frame. For example, a SHGC of 0.32 means that 32% of the available solar radiation will pass through the window. Another measure of solar gain is the Shading Coefficient (SC), which applies to the glazing only, not the assembly. The NREC has a prescriptive compliance limit of 40% window to wall ratio in an effort to limit the impact of glazing to overall building performance. 
Heat transfer through glazing is managed through the application of low-emittance (low-E) coatings and multiple panes of glass. The type of material used for this coating and the glazing surface it is applied to defines to what degree a glazing component can reduce conductive and radiative heat transfer.
U-factors and SHGC are listed on labels affixed to manufactured glazing and doors, which makes field verification faster and more accurate. Both performance ratings must be determined by a national rating system established by the National Fenestration Rating Council (NFRC) based on uniform, approved test and simulation methods. The NFRC Certified Products Directory lists U-factor ratings for windows, doors, skylights, and other fenestration products. If the glazing component has not been rated, the NREC requires the use of default U-factors provided in NREC Chapter 10 and allows the use of shading coefficients (SC) instead of SHGC. SC values can be obtained from manufacturers’ test literature and the ASHRAE Handbook of Fundamentals. 

[bookmark: _Toc297394874][bookmark: _Toc298158187]Standard Procedure for Determination of Glazing and Door U-Factors – NREC 1312.1

	[bookmark: _Hlt518471544]NREC 1312.1 Requirements
	U-factors for glazing and doors shall be determined, certified and labeled in accordance with Standard RS-31 – National Fenestration Rating Council (NFRC) Standard 100-2004, by a certified independent agency licensed by the (NFRC). Compliance shall be based on the Residential or the Nonresidential Model Size. Product samples used for U-factor determinations shall be production line units or representative of units as purchased by the consumer or contractor. Unlabeled glazing and doors shall be assigned a default U-factor from NREC Table 10-6 for code compliance purposes.


[bookmark: _Hlt518471541]
[bookmark: _Toc297394875][bookmark: _Toc298158188]Solar Heat Gain Coefficient and Shading Coefficient – NREC 1312.2
 
	NREC 1312.2 Requirements
	Solar Heat Gain Coefficient (SHGC), shall be determined, certified and labeled in accordance with the National Fenestration Rating Council (NFRC) Standard by a certified, independent agency, licensed by the NFRC.

	NREC 1312.2 Exceptions
	Shading coefficients (SC) shall be an acceptable alternate for compliance with solar heat gain coefficient requirements. Shading coefficients for glazing shall be taken from Chapter 15 of Standard RS-1 - 2005 ASHRAE Fundamentals Handbook or from the manufacturer's test data.



[bookmark: _Toc318706230][bookmark: _Toc318786650][bookmark: _Toc110690702][bookmark: _Toc297394876][bookmark: _Toc298158189][bookmark: _Hlt519430648]Moisture Control – NREC 1313
There is increased emphasis on building envelope sealing in the NREC to mitigate energy loss. This in turn increases the importance of a properly installed moisture barrier since the implications of moisture barrier failure in a tightly sealed building is potentially much greater than in a building that is not well sealed. Building hygrothermal analysis, which is a growing field, is the evaluation of moisture movement, condensation, and accumulation in building envelope components. Unmanaged moisture that is allowed to diffuse in framing cavities can dampen insulation and is often the cause of mold and rot. Envelope moisture control can be achieved with the use of vapor retarders, ground covers, and ventilation. 
[bookmark: _Toc297394877][bookmark: _Toc298158190]Vapor Retarders – NREC 1313.1

In NREC Chapter 2, a vapor retarder is defined as a layer of low moisture transmissivity material (not more than 1.0 perm dry cup). This is placed over the insulation, over the exterior of below grade walls, and under floors as ground cover. This material limits the transport of water and water vapor through exterior walls, ceilings and floors. Vapor retarding paint, listed for this application, also meets this definition.
	NREC 1313.1 Requirements
	Where they are required, install vapor retarders on the warm side (in winter) of the insulation.

	NREC 1313.1 Exceptions
	A vapor retarder does not have to be installed on the warm side of insulation if the vapor retarder is installed where not more than 1/3 of the nominal R-value of the wall is between it and the conditioned space. Moisture is not likely to condense on a vapor retarder installed in this manner in climates typical of the State of Washington.


[bookmark: _Toc297394878][bookmark: _Toc298158191]Roof and Ceiling Assemblies – NREC 1313.2

This section provides requirements for roof/ceiling assembly vapor retarder application and specific directions for an unvented attic assembly. An attic is defined as a space 12-inches or greater between the top of the insulation to the underside of the roof. An unvented attic can create problems with moisture accumulation unless the surfaces around it are properly designed for moisture management. 
	NREC 1313.2 Requirements
	Enclosed attic or rafter spaces must comply with Washington State Building Code Section 1505.3, Attic Ventilation.  
A vapor retarder is required in roof/ceiling assemblies where the ventilated space above the insulation is less than (an average of) 12 inches. 
Unvented roof/ceiling assemblies (regardless of whether there is an air space or not) are permitted only if the roof deck and roof structure are not constructed of wood and a continuous vapor retarder with taped seams is provided.

	NREC 1313.2 Exceptions
	· If all insulation is installed between the roof membrane and the structural roof deck, a vapor retarder is not needed.  This is allowed for concrete and metal deck installations as these materials provide vapor retardance, therefore moisture is unlikely to move into this type of construction unless there is an unsealed opening in the roof membrane or structural roof deck.  A wood structural deck would not qualify.
· Unvented attic assemblies (spaces between the ceiling joists of the top story and the roof rafters, greater or less than 12-inches) are permitted if all of the following five conditions are met:
1. The unvented attic space is completely contained within the building thermal envelope.
2. No interior vapor retarders are installed on the ceiling side (attic floor) of the unvented attic assembly.
3. Where wood shingles or shakes are used, a minimum ¼ inch (6 mm) vented air space separates the shingles or shakes and the roofing underlayment above the structural sheathing.
4. Any air-impermeable insulation shall be a vapor retarder, or shall have a vapor retarder coating or covering in direct contact with the underside of the insulation.
5. Either items a, b or c shall be met, depending on the air permeability of the insulation directly under the structural roof sheathing.
a. Air-impermeable insulation only - Insulation shall be applied in direct contact to the underside of the structural roof sheathing.
b. Air-permeable insulation only - In addition to the air-permeable insulation installed directly below the structural sheathing, rigid board or sheet insulation shall be installed directly above the structural roof sheathing as specified per WA Climate Zone for condensation control:  
i. Climate Zone 1: R-10 minimum rigid board or air-impermeable insulation R-value.
ii. Climate Zone 2:  R-25 minimum rigid board or air-impermeable insulation R-value.
c. Air-impermeable and air-permeable insulation - The air-impermeable insulation shall be applied in direct contact to the underside of the structural roof sheathing as specified per WA Climate Zone for condensation control.  The air-permeable insulation shall be installed directly under the air impermeable insulation.
i. Climate Zone 1: R-10 minimum rigid board or air-impermeable insulation R-value.
ii. Climate Zone 2:  R-25 minimum rigid board or air-impermeable insulation R-value.
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NREC 1313.3 and 1313.4 Requirements

	Figure #13-7 – Wall Vapor Retarder Installation

Walls and floors separating conditioned space from unconditioned space shall be provided with a vapor retarder. 


[bookmark: _Toc297394880][bookmark: _Toc298158192]Crawlspaces – NREC 1313.5

	NREC 1313.5 Requirements
	A ground cover of six mil (0.006 inch thick) black polyethylene or approved equal shall be laid over the ground within crawlspaces. The ground cover shall be overlapped 12-inches minimum at the joints and shall extend to the foundation wall.


	NREC 1313.5 Exceptions
	In most crawlspaces, a ground cover is required to prevent moisture movement out of the soil onto the insulation or structural material. If the crawlspace has a concrete slab floor with a minimum thickness of 3-1/2 inches, no ground cover is needed because the concrete will block moisture from the soil.



Infiltration/exfiltration is uncontrolled air leakage through the building envelope. Air leakage increases building energy usage in two ways:
· Infiltration of cold outside air - This lowers the temperature within the space, causing the heating coil at the air terminal to have to produce higher temperature supply air and/or a greater volume of supply air to meet the desired space temperature. The result is an increase in heating energy. 
· Exfiltration of conditioned indoor air - The loss of building air (warm or cool) has to be made up by the air handler by increasing the volume of outside air beyond what would normally be needed for ventilation. In addition, the volume of supply air needed to condition the space and maintain positive pressurization is greater. The result is an increase in fan, heating and cooling energy. 

Air leakage is a significant contributor to condensation problems in building envelope assemblies and it is also linked to increased wind-driven rain penetration problems. Properly sealing the building envelope significantly improves its overall performance. 
[bookmark: _Toc297394882]
[bookmark: _Toc298158193]Building Envelope Sealing- NREC 1314.1

A key step towards minimizing air leakage is to focus on proper sealing of all envelope components and any penetrations through the envelope.

	NREC 1314.1 Requirements
	The following areas of the building envelope shall be sealed, caulked, gasketed or weather-stripped to minimize air leakage:
· Joints around fenestration and door frames.
· Junctions between walls and foundations, between walls at building corners, between walls and structural floors or roofs, and between walls and roof or roof panels.
· Openings at penetrations of utility services through the roofs, walls and floors.
· Site-built fenestration and doors.
· Building assemblies used as ducts or plenums.
· Joints, seams and penetrations of vapor retarders.
· All other openings in the building envelope.



 (
Parapet walls at roof-wall transition
)[image: 49]
Figure #13-8 – Critical Areas for Air Leakage Sealing

[bookmark: _Toc297394883][bookmark: _Toc298158194]Glazing and Doors – NREC 1314.2

Air leakage requirements under this section refer to the tested performance rating of manufactured glazing and door products.

	NREC 1314.2 Requirements
	Air leakage shall be determined by a laboratory accredited by a nationally recognized accreditation organization, such as the National Fenestration Rating Council, and shall be labeled and certified by the manufacturer. Air leakage for fenestration and doors shall be determined in accordance with NFRC 400 or AAMA/WDMA/CSA 101/IS2/A440 or ASTM E283. 
The tested air leakage rate shall not exceed:
· cfm/ft2 for glazed swinging entrance doors and revolving doors, tested at a pressure of at least 1.57 pounds per square foot (psf).
· 0.04 cfm/ft2 for curtain wall and storefront glazing, tested at a pressure of at least 1.57 pounds per square foot (psf). 
· 0.2 cfm/ft2 for all other products when tested at a pressure of at least 1.57 pounds per square foot (psf), or 0.3 cfm/ft2 when tested at a pressure of at least 6.24 pounds per square foot (psf).


	NREC 1314.2 Exceptions
	· Openings that are required to be fire resistant.
· Field-fabricated fenestration and doors that are weather-stripped or sealed in accordance with NREC 1314.1.
· For garage doors, air leakage determined by test at standard conditions in accordance with ANSI/DASMA 105 shall be an acceptable alternate for compliance with air leakage requirements.
· Units without air leakage ratings produced by small business that are weather-stripped or sealed in accordance with NREC 1314.1. A small business is defined in NREC Chapter 2 as a for-profit business entity that has fifty or fewer employees, or has $1M or less a year in gross sales. 



[bookmark: _Toc297394884][bookmark: _Toc298158195]Building Assemblies Used as Ducts or Plenums – NREC 1314.3

Examples include return air plenums in variable-air-volume systems and underfloor air distribution systems. These envelope components often communicate between the building interior and outside of the building and can introduce a significant air leakage path.

	NREC 1314.3 Requirements
	Building assemblies used as ducts or plenums shall be sealed, caulked and gasketed to limit air leakage.



[bookmark: _Toc297394885][bookmark: _Toc298158196]Recessed Lighting Fixtures – NREC 1314.4

	NREC 1314.4 Requirements
	When installed in the building envelope, recessed lighting fixtures shall by Type IC rated, and certified under ASTM E283 to have no more than 2.0 cfm air movement from the conditioned space to the ceiling cavity. The lighting fixture shall be tested at 75 Pascals or 1.57 lbs/ft2 pressure difference and have a label attached, showing compliance with this test method. Recessed lighting fixtures shall be installed with a gasket or caulk between the fixture and ceiling to prevent air leakage.



[bookmark: _Toc297394886][bookmark: _Toc298158197]Loading Dock Weatherseals – NREC 1314.5

Cargo loading areas are often conditioned or semi-heated spaces. Weatherseals around cargo doors can be purchased as an assembly and provide a means of sealing the void around a delivery vehicle when parked within a cargo door for unloading.
	NREC 1314.5 Requirements
	Cargo doors and loading dock doors shall be equipped with weatherseals to restrict infiltration when vehicles are parked in the doorway.



[bookmark: _Toc297394887][bookmark: _Toc298158198]Continuous Air Barrier – NREC 1314.6

Continuous air barrier is defined as material(s) assembled and joined together to provide a barrier to air leakage through the building envelope. An air barrier may be a single material or a combination of materials. This is in addition to caulking, gasketing, weather-stripping and all other means of sealing as defined in NREC 1314.1. Continuous air barrier requirements in this section include: 
· Scope – NREC 1314.6
· Continuous air barrier assembly characteristics – NREC 1314.6.1
· Demonstration of compliance through testing – NREC 1314.6.2
· Issuance of Certificate of Occupancy – NREC 1314.6.2

All team members contribute to the integrity of the air barrier, so it is important that each understand their role. The architect is responsible for specifying the air barrier material for each assembly, detailing all transitions, and defining the air barrier enclosure or the “enclosure under test.” 

In multi-story buildings, air barrier testing via the HVAC system pressurization method may be more practical than testing via fan pressurization or other methods. The mechanical engineer may facilitate this approach by providing a central supply or exhaust fan with an outdoor airflow capacity compatible with what is required for testing. In addition it is recommended to specify tightly fitting dampers and provide adequate access to air intakes and relief outlets so they can be sealed during testing. 

The general contractor needs to allow sufficient time for air barrier testing and diagnostics in the construction schedule and be aware of the necessary steps to prepare for the test. It is also important to inform all sub-contractors that any penetration through the air barrier can impact the building air leakage performance. All penetrations for electrical wiring, plumbing, ductwork, technology cabling, etc. must be sealed, caulked or gasketed to ensure these penetrations do not impact air barrier integrity.

	NREC 1314.6 Requirements
	Continuous Air Barrier Scope - For buildings over five stories, the building envelope shall be designed and constructed with a continuous air barrier to control air leakage into, or out of, the conditioned space. All air barrier components of each envelope assembly shall be clearly identified on construction documents and the joints, interconnections and penetrations of the air barrier components shall be detailed.



	NOTE
	The requirement for a continuous air barrier currently applies only to buildings over five stories.  All buildings, regardless of number of stories, require building envelope sealing. 




[bookmark: _Toc298158199]Continuous Air Barrier Characteristics – NREC 1314.6.1
	NREC 1314.6.1 Requirements
	The continuous air barrier shall have the following characteristics:
· The air barrier component of each assembly shall be joined and sealed in a flexible manner to the air barrier component of adjacent assemblies, allowing for the relative movement of these assemblies and components. This requirement shall not be construed to restrict the materials or methods by which the air barrier is achieved.
· It shall be capable of withstanding positive and negative combined design wind, fan and stack pressures on the air barrier without damage or displacement, and shall transfer the load to the structure. It shall not displace adjacent materials under full load.
· It shall be installed in accordance with the manufacturer's instructions and in such a manner as to achieve the performance requirements.



[bookmark: _Toc298158200]Air Barrier Compliance Demonstration – NREC 1314.6.2
Once the air barrier is in place, the entire building shall be tested to determine the actual air leakage relative to the target leakage rating. Requirements are per testing standard ASTM E 779, or an approved similar testing procedure. There are three permissible methods of completing the air leakage test:
· Blower door fan pressurization method
· HVAC fan system pressurization method 
· Tracer gas test procedure

ASTM E 779 explains how the building should be prepared for air barrier testing, provides guidance for the various approved testing procedures, and describes how the calculations are to be performed. 
	NREC 1314.6.2 Requirements
	Compliance of the continuous air barrier for the opaque building envelope shall be demonstrated by testing the completed building and demonstrating that the air leakage rate of the building envelope does not exceed 0.40 cfm/ft2 at a pressure differential of 0.3 inch w.g. (1.57 psf).
Whole building testing shall be accomplished in accordance with ASTM E 779 or approved similar test. Tests shall be accomplished using either pressurization or depressurization or both. The building shall not be tested unless it is verified that the continuous air barrier is in place and installed without failures in accordance with installation instructions so that repairs to the continuous air barrier, if needed to comply with the required air leakage rate, can be done in a timely manner. 
Following are requirements are defined in ASTM E 779:
· HVAC Fan System Method - Under ASTM E 779 it is permissible to test using the building's HVAC system. In buildings with multistory HVAC systems and shafts it is permissible to test using the building's mechanical system using CAN/CGSB-149.15-96 Determination of the Overall Envelope Airtightness of Buildings by the Fan Pressurization Method Using the Building's Air Handling Systems, Canadian General Standards Board, Ottawa.
· Tracer Gas Method - A tracer gas test of the building air change rate in accordance with ASTM E 741 is also allowed. The tracer gas test shall be run with building HVAC fans off.
· Procedure For Testing Multizone Buildings (ASTM Section 8.1) ‑ For purposes of this test, a multizone building shall be configured as a single zone by opening all interior doors, and otherwise connecting the interior spaces as much as possible. It is also allowed to test a smaller section of the building, provided the test area can be isolated from neighboring conditioned zones by balancing the pressure in adjacent conditioned zones to that in the zone being tested. This can be very difficult to do in buildings with multistory shafts and multiple systems. If a smaller section of the building is tested, provide a drawing showing the zone(s) tested, the pressure boundaries and a diagram of the testing equipment configuration. 
· Building Preparation for Testing (ASTM Section 8.2) ‑ Seal all intentional functional openings such as exhaust and relief louvers, grilles and dryer vents that are not used in the test to introduce air, using plastic sheeting and duct tape or similar materials. All plumbing traps shall be filled with water.
· Testing Procedure:
· The test pressure range shall be from 10 Pa to 80 Pa. If approved by the building official, lower test pressures are acceptable, but the upper limit shall not be less than 50 Pa. (ASTM Section 8.10)
· If both pressurization and depressurization are not tested, plot the air leakage against the corrected. (ASTM Section 9.4)
· If the pressure exponent n is less than 0.5 or greater than 1, corrective work shall be performed to the continuous air barrier and the test shall be rerun. (ASTM Section 9.6.4)
Calculations (ASTM Section 10.4) ‑ Report the air leakage rate normalized in cfm/ft2 at 0.3 inch w.g. (1.57 psf) over the total area of the building envelope air pressure boundary including the lowest floor, any below-grade walls, above-grade walls, and roof (or ceiling) (including windows and skylights) separating the interior conditioned space from the unconditioned environment.



[bookmark: _Toc297394888][bookmark: _Toc298158201]Air Barrier Compliance and Certificate of Occupancy – NREC 1314.6.3

	NREC 1314.6.3 Requirements
	A final certificate of occupancy shall not be issued for the building, or portion thereof, until such time that the building official determines the building, or portion thereof, has been field tested in accordance with NREC 1314.6.2.



	NOTE
	The requirements for air barrier compliance are that it shall be tested and the resulting performance documented and provided to the building official prior to issuance of a certificate of occupancy. However, per unofficial interpretation, the intent of the current Code is that the building is not required to demonstrate actual compliance of the air leakage maximum rate, meaning it does not have to pass the test, just demonstrate that the test has been performed. 



[bookmark: _Toc297394889][bookmark: _Toc298158202]Prescriptive Building Envelope Compliance Option – NREC 1320
The prescriptive option is a simplified approach to compliance with the NREC. Prescriptive performance requirements are defined for all primary building envelope components. If the building envelope is designed to meet or exceed these prescriptive requirements, only a summary of the applicable components is required to demonstrate compliance. Envelope compliance of semi-heated spaces must be demonstrated separately from conditioned spaces. Refer to NREC 1310.2 for more information.
The prescriptive option includes performance criteria for opaque envelope and glazing components. Prescriptive requirements are given in the following terms: 
	Component
	Terms

	Roof/ceilings, walls and       floors over unconditioned spaces
	R-value and        U-factor

	Slab-on-grade floors
	F-factor

	Doors without glazing
	U-factor

	Glazing, Skylights and           Doors with glazing
	U-factor and SHGC


Table #13-3 – Prescriptive Requirements

Jurisdictions may require that prescriptive building envelope compliance information be provided using the NREC Envelope Compliance Forms. The necessary forms for communicating prescriptive compliance include:
ReadMe - Instructions for Electronic Forms
ENV-SUM - Envelope Summary Information
ENV-CHK - Building Permit Plans Checklist

The ENV-UA and ENV-SHGC forms will be needed to input information that is auto-filled into the ENV-SUM form. However, it is not necessary to submit these forms.
A technical webinar that provides instructions for completing these forms is available on the Northwest Energy Efficiency Council website: www.NEEC.net. 
[bookmark: _Toc297394890]
[bookmark: _Toc298158203]Opaque Envelope – NREC 1322
These components must meet or exceed the requirements in NREC Table 13-1 for buildings located in Climate Zone 1, or NREC Table 13-2 for buildings located in Climate Zone 2. In addition, envelope requirements within these tables are separated into Non-Residential and Multi-Family (Residential, Other than single family) buildings. Opaque envelope refers to envelope components that do not allow the passage of light (everything except glazing). 
Prescriptive compliance of opaque envelope components may be demonstrated using nominal R-values or assembly U-factors. For floors, compliance is demonstrated using nominal R-values or F-factors.
Nominal R-value is defined in NREC Chapter 2 as the thermal resistance of insulation alone as determined in accordance with the U.S. Federal Trade Commission R-value rule (CFR Title 16, Part 460) in units of hft2ºF/Btu at a mean temperature of 75ºF. Nominal R-value refers to the thermal resistance of the added insulation in framing cavities or insulated sheathing only and does not include the thermal resistance of other building materials or air films.
R-values cannot be area-weighted. Meaning it is not acceptable to take the average of various envelope component sections with different insulation R-values because this is not mathematically equivalent to adding the individual sections together.
U-factors are the calculated thermal performance of the envelope component assembly. It is defined in NREC Chapter 2 as the coefficient of heat transmission between the air film on the warm side of an envelope component and the air film on the cold side in units of Btu/hft2°F (time rate of heat flow per unit area and unit temperature difference). 
So for example, an assembly wall U-factor would include the heat transmission through the interior sheetrock, cavity insulation, rigid continuous insulation, plywood sheathing, siding and the interior and exterior air films. In calculating U-Factor, the R-value of insulation is de-rated to account for the impact of the structural framing materials. Area-weighting of U-factors is acceptable. Area-weighting of tapered insulation must be calculated based on four-foot sections.
The thermal performance requirements for slab-on-grade and radiant floors are based on F-factors, which is defined in NREC Chapter 2 as the perimeter heat loss factor expressed in Btu/hft°F per lineal foot.
Non-metal frame opaque components - Roof/ceilings, opaque exterior above and below grade walls, and floors over unconditioned spaces must have insulation, and where applicable continuous insulation (c.i.), with R-value ratings that are greater than or equal to the applicable nominal R-values in these tables. Slab-on-grade and radiant floors must have F-factors less than or equal to the applicable F-factors, and where applicable, continuous insulation R-values that are greater than or equal to the values in these tables.
Metal frame opaque components – If the component is of metal frame construction and the building is heated with electric resistance heat, only default assembly U-factors defined in NREC Chapter 10 are allowed to be used to demonstrate prescriptive compliance.
Mass walls in Climate Zone 1 only - Nonresidential mass walls may be ASTM C90 concrete block walls, ungrouted or partially grouted at 32 inches or less on center vertically and 48 inches or less on center horizontally, with ungrouted cores filled with material having a maximum thermal conductivity of 0.44 Btu-in/hft2°F.
Opaque doors - Opaque doors must have U-factors that are less than or equal to the applicable U- factors. U-factors are provided by the door manufacturer. If a door component is unrated then default U-Factors from NREC Chapter 10 shall be used in the calculations.
	NREC 1322 Requirements
	Roof/ceilings, opaque exterior walls, opaque doors, floors over unconditioned space, below-grade walls, slab-on-grade floors and radiant floors enclosing conditioned spaces shall be insulated according to NREC 1311 and NREC Tables 13-1 or 13-2. Compliance with nominal R-values shall be demonstrated for the thermal resistance of the added insulation in framing cavities and/or insulated sheathing only. 
Nominal R-values shall not include the thermal transmittance of other building materials or air films.
For metal frame assemblies used in spaces with electric resistance space heat, compliance shall be demonstrated with the component U-factor for the overall assembly based on the assemblies in NREC Chapter 10.
Area-weighted averaging of the R-value is not allowed. When showing compliance with R-values, the minimum insulation R-value for all areas of the component shall comply with NREC Tables 13-1 or 13-2. When calculating compliance using U-factors, area-weighted averaging is allowed. Where insulation is tapered (e.g., roofs), separate assembly U-factors shall be calculated for each four-foot section of tapered insulation.

	NREC 1322 Exceptions
	Opaque smoke vents are not required to meet insulation requirements.



Procedure for area-weighting U-factors
Area-weighting of U-Factors is allowed per NREC 1322. The general formula for area weighting is as follows:
Uaverage = [U1A1 + U2A2+ ... + UnAn] / Atotal
Where:
Uaverage = area-weighted U-factor
U1A1, U2A2, UnAn = U-factor times area for each component
Atotal = total area = A1 + A2+ ... + An 

This provision was developed to allow some components to exceed the requirements in NREC Tables 13-1 and 13-2, as long as the average area-weighted value meets or exceeds the requirements.

[bookmark: _Toc297394891][bookmark: _Toc298158204]Glazing—NREC 1323
Glazing (fenestration) components shall have U-factors and SHGCs that meet or exceed the applicable requirements in NREC Table 13-1 or 13-2. Meaning that U-factors and SHGCs must be less than or equal to the listed values. 

Glazing U-factors and SHGCs can be area-weighted if individual glazing units fail to meet the minimum requirements. These units are compensated for with other glazing that exceeds the requirements. The area-weighting calculations verify that the overall average values meet the minimum requirements from the tables. For the U-factors, area-weight the overhead glazing (OG) and vertical glazing (VG) separately, because the requirements are different for each. For the SHGCs, overhead and vertical glazing may be area-weighted together, because the required value is the same for both. 
	NOTE
	The total ft2 area of vertical and overhead glazing components, based on the rough opening, cannot exceed 40% of the gross wall area to comply prescriptively. 



	NREC 1323 Requirements
	Glazing U-Factors shall comply with NREC 1312 and NREC Tables 13-1 or 13-2. All glazing shall be, at a minimum, double glazing. 
In addition, all glazing assemblies shall have at least one low-emissivity coating unless the glazing assembly has an overall U-factor that complies with the values in NREC Table 13-1 or 13-2.

	NREC 1323 Exceptions
	· Vertical glazing located on the display side of the street level story of a retail occupancy provided the glazing complies with these two requirements: 
1. Complies with at least one of the following:
a. Is double-glazed with a minimum 1/2 inch airspace and with a low-e coating having a maximum emittance of e-0.10 in a nonmetal frame or a metal frame having a thermal break (as defined in Footnote 2 to NREC Table 10‑6B); or
b. Has an area weighted U-factor of 0.50 or less (U‑factor calculations shall use overall assembly U‑factors. When this exception is used, there are no SHGC requirements).

2. Does not exceed 75% of the gross exterior wall area of the display side of the street level story, measured from the top of the finished floor at street level. However, if the display side of the street level story exceeds 20 feet in height, then this exception may only be used for the first 20 feet of that story.

When this exception is utilized, separate calculations shall be performed for these sections of the building envelope and these values shall not be averaged with any others for compliance purposes. The 75% area may be exceeded on the street level, if the additional glass area is provided from allowances from other areas of the building. The intent of this exception is to allow for clear glass at the street level to enable pedestrians to see goods or services for sale or for advertising purposes.
· Single glazing for security purposes and vestibules and revolving doors shall be included in the percentage of the total glazing area, U-factor calculation and SHGC as allowed in the NREC Tables 13-1 or 13-2. The maximum area allowed for the total of all single glazing is 1% of the gross exterior wall area.
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Figure #13-9 – Street Level Vertical Glazing of Retail

[bookmark: _Toc297394892][bookmark: _Toc298158205]Glazing Area – NREC 1323.1

	NREC 1323.1 Requirements
	The percentage of total glazing (vertical and overhead) area relative to the gross exterior wall area shall not be greater than the appropriate value from NREC Tables 13-1 and 13-2 (which is 40%) for the vertical glazing U-factor, overhead glazing U-factor and solar heat gain coefficient selected.


Procedure for calculating the glazing area percentage 
1. Calculate the total area of the gross exterior wall, including walls around plenums. Do not include below-grade walls in the calculation unless they are part of the building envelope and enclose heated or cooled space.
2. Calculate the total area of glazing (vertical and overhead). Use the full measurements of the rough framed opening.
3. Divide the total vertical and overhead glazing by the total exterior wall area and multiply by 100.

The formula is: Glazing % = [(VG area + OG area) / total exterior wall area] x 100

[bookmark: _Toc297394893][bookmark: _Toc298158206]Glazing U-Factor – NREC 1323.2
The procedure for area-weighting glazing U-factors is the same as for opaque envelope components.
	NREC 1323.2 Requirements
	The area-weighted average U-factor of vertical glazing shall not be greater than that specified in Tables 13-1 or 13-2 for the appropriate area and solar heat gain coefficient. The area-weighted average U-factor of overhead glazing shall not be greater than that specified in Tables 13-1 or 13-2 for the appropriate area and solar heat gain coefficient. U-factors for glazing shall be determined in accordance with NREC 1312.


[bookmark: _Toc297394894][bookmark: _Toc298158207]Glazing Solar Heat Gain Coefficient (SHGC) – NREC 1323.3
There are three ways to comply prescriptively with the SHGC requirements for building exterior glazing (fenestration). Note that the specified maximum SHGC values for vertical glazing and skylights are identical for both climate zones (NREC Tables 13-1 and 13-2). A maximum SHGC rating is not required to comply prescriptively for vertical glazing in Multi-Family Residential occupancies.
Three Compliance Paths

1. Maximum allowable SHGC equal on all four orientations - Glazing components on all orientations shall have a rated SHGC that is equal to or lower than the specified maximum SHGC. Area weighting between glazing components is allowed.
2. Exception 2 - North orientation allowed higher SHGC than west, south and east - North-facing glazing includes all vertical fenestration that is oriented within 45-degrees of north (N, NE, NW).  This glazing is allowed to have a rated SHGC that is 0.05 greater than the specified maximum SHGC.  If this exception is taken, all north facing glazing must be calculated separately from glazing on the other three orientations.   Area weighting of north-facing glazing components is allowed, but north-facing glazing cannot be area-weighted with glazing on other orientations.
3. Exception 3 - Glazing components allowed higher SHGC if provided with permanent shading devices - Permanent shading devices are defined as permanent horizontal projections that will last as long as the building itself.   If shading devices are being provided, these shaded glazing components may be allowed to have a rated SHGC that is higher than the specified maximum SHGC in NREC Tables 13-1 and 13-2 depending on the geometry of the shading devices.  This geometry is referred to as the projection factor.  
Projection factor (PF) is the ratio of the horizontal depth (distance between outside edge of shading to the outside surface of the glass) of the external shading projection (Item A) divided by the sum of the height of the fenestration plus the distance from the top of the fenestration to the bottom of the farthest point of the external shading projection (Item B), in consistent units.  Refer to Figure #10 (NREC Figure 13B).
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Figure #13-10 – Projection Factor

To take this exception, the projection factor for the shading device is calculated and this number is then matched with the corresponding multiplier. Refer to Table #4 below. This multiplier is then applied to the rated SHGC of the glazing component that is being installed with a permanent shading device. If this resulting value is equal to or lower than the specified maximum SHGC, then this value may be used to demonstrate prescriptive compliance. Glazing components with permanent shading devices may be area-weighted with other glazing components. Area-weighting limitations for north-facing glazing still apply. (Exception 3)



	Projection Factor
	SHGC Multiplier (All Orientations Except 
North-Oriented)
	SHGC Multiplier (North-Oriented)

	0 ‑ 0.10
	1.00
	1.00

	<0.10 ‑ 0.20
	0.91
	0.95

	<0.20 ‑ 0.30
	0.82
	0.91

	<0.30 ‑ 0.40
	0.74
	0.87

	<0.40 ‑ 0.50
	0.67
	0.84

	<0.50 ‑ 0.60
	0.61
	0.81

	<0.60 ‑ 0.70
	0.56
	0.78

	<0.70 ‑ 0.80
	0.51
	0.76

	<0.80 ‑ 0.90
	0.47
	0.75

	<0.90 ‑ 1.00
	0.44
	0.73




Table #13-4 – Permanent Shading Device Multipliers

	Example Projection Factor Calculation

	A 6-foot tall window will be shaded by a two-foot deep horizontal shade mounted so that its bottom surface is 1 foot above the top of the window. The window faces south, has an NFRC SHGC rating of 0.54, and the glass is recessed 0.25 feet from outside of the frame, which is flush with the building.  What is the Projection Factor? Does this combination of window and shading device meet the requirements in NREC 1323.3?

	Calculation

	Projection Factor = (2.5 + 0.25) ÷ (6 + 1) = 0.39 
Projection Factor 0.39 corresponds to a SHGC multiplier of 0.74
Therefore, the effective SHGC is 0.74 × 0.54 = 0.40, which meets the code requirement.




	NREC 1323.3 Requirements
	The area-weighted average solar heat gain coefficient of all glazing shall not be greater than that specified in NREC Tables 13-1 or 13-2 for the appropriate area and U-factor.

	NREC 1323.3 Exceptions
	· Glazing separating conditioned space from semi-heated space or unconditioned space.
· Vertical glazing which is oriented within 45 degrees of north shall be allowed to have a maximum solar heat gain coefficient SHGC-0.05 above that required in NREC Tables 13-1 and 13-2. When this exception is utilized, separate calculations shall be performed for these sections of the building envelope and these values shall not be averaged with any others for compliance purposes.
· For demonstrating compliance for vertical glazing for the first SHGC option in NREC Tables 13-1 and 13-2 only, the SHGC in the proposed building shall be allowed to be reduced by using multipliers for each glazing product shaded by permanent projections that will last as long as the building itself.



[bookmark: _Toc297394895][bookmark: _Toc298158208]Component Performance Envelope Compliance Option – NREC 1330
The component performance option, while requiring more effort than the prescriptive approach, gives the designer more flexibility in selecting building thermal components. The prescriptive option generally requires each building component to have an individual minimum energy efficiency. In contrast, the component performance option requires the total building envelope to meet an overall efficiency requirement. Thus, the component performance option allows the designer to “trade off” between the various components of the building envelope to meet the overall efficiency requirement.
For example, a designer may select a vertical glazing product for the proposed building that has a higher U-factor than the “target” in NREC Tables 13-1 and 13-2. The designer can then compensate for (“trade off”) the decreased thermal efficiency of the vertical glazing by increasing the thermal efficiency of one or more of the other building envelope components (i.e. roofs, walls, floors, slabs, doors, and overhead glazing).
To comply with the component performance option, the proposed building envelope must have an overall energy efficiency at least as high as that for the “target” building. The target building is the energy efficiency standard with which the proposed building is compared based on minimum requirements set forth by NREC Tables 13-1 and 13-2.
Energy efficiency is demonstrated based on the calculated conductive heat loss rate (UA) and solar heat gain coefficient (SHGC). Hence, the compliance requirement is as follows:
The proposed building’s overall heat loss rate (UAp) and solar heat gain (SHGCp) must be less than or equal to the target building’s overall heat loss rate (UAt) and solar heat gain coefficient (SHGCt).

	NOTE
	The conductive heat loss rate for most building components is the U-factor (Uo) for that component multiplied by the area (A) of that component in square feet (ft2). Slabs are calculated using the F-factor multiplied by the lineal feet of the building perimeter. The overall proposed and target heat loss rates are the sum of the conductive heat losses from each different component of the building envelope. Only the overall heat loss rate must be in compliance. The U-factors for each envelope component (for example, floor, roof/ceiling, wall, glazing, or door) do not have to meet the requirements of the appropriate NREC Tables 13-1 and 13-2 as they would for the prescriptive option.



Jurisdictions may require that component building envelope information be provided using the NREC Envelope Compliance Forms. The necessary forms for communicating component performance compliance include:
ReadMe - Instructions for Electronic Forms
ENV-SUM - Envelope Summary Information
ENV-UA – Envelope UA Calculations
ENV-SHGC – SHGC Calculations
ENV-SHGC, Page 2 - Target Area Adjustment Calculation (as needed)
ENV-CHK - Building Permit Plans Checklist

A technical webinar that provides instructions for completing these forms is available on the Northwest Energy Efficiency Council website – www.NEEC.net
	NOTE
	For mixed-use buildings, the requirements for the retail areas are defined under Non-Residential and the dwelling units are defined under Multi-family Residential. To demonstrate full building compliance, insulation values of all envelope components for both space types shall be described separately. This includes completing separate NREC Envelope Compliance Forms for both space types. The two space types are combined to demonstrate compliance with the maximum allowed percentage of glazing as this is based on the entire building. 
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	NREC 1331 Requirements
	Buildings or structures whose design heat loss rate (UAp) and solar heat gain coefficient rate
(SHGC * Ap) are less than or equal to the target heat loss rate (UAt) and solar heat gain coefficient rate 
(SHGC * At) shall be considered in compliance with this section. The stated U-factor, F-factor or allowable area of any component assembly, listed in NREC Tables 13-1 or 13-2, such as roof/ceiling, opaque wall, opaque door, glazing, floor over conditioned space, slab-on-grade floor, radiant floor or opaque floor may be increased and the U-factor or F-factor for other components decreased, provided that the total heat gain or loss for the entire building envelope does not exceed the total resulting from compliance to the U‑factors, F‑factors or allowable areas specified in this section.

	NREC 1331 Exceptions
	Compliance is also allowed to be shown using NREC Standard RS-32 Seattle ENVStd 2009 for Climate Zone 1 except for buildings containing attic roofs, wood framed walls or vertical fenestration with nonmetal frames, or for Group R occupancies.



[bookmark: _Toc297394897][bookmark: _Toc298158210]Component U-Factors – NREC 1332
	NREC 1332 Requirements
	The U-factors for typical construction assemblies are included in NREC Chapter 10. These values shall be used for all calculations. Where proposed construction assemblies are not represented in NREC Chapter 10, values shall be calculated in accordance with Chapters 16 through 18 and 25 through 27 in NREC Standard RS-1 2005 ASHRAE Fundamentals Handbook as listed in Chapter 7, using the framing factors listed in NREC Chapter 10. 
For envelope assemblies containing metal framing, the U-factor shall be determined by one of the following methods:
· Results of laboratory measurements according to acceptable methods of test.
· NREC Standard RS-1, listed in Chapter 7, where the metal framing is bonded on one or both sides to a metal skin or covering.
· The zone method as provided in Chapter 27 of NREC Standard RS-1, listed in Chapter 7.
· Effective framing/cavity R-values as provided in NREC Table 10-5A.
When return air ceiling plenums are employed, the roof/ceiling assembly shall:
For thermal transmittance purposes, not include the ceiling proper nor the plenum space as part of the assembly; and
For gross area purposes, be based upon the interior face of the upper plenum surface.



[bookmark: _Toc297394898][bookmark: _Toc298158211]UA Calculations – NREC 1333
	NREC 1333 Requirements
	The target UAt and the proposed UAp shall be calculated using NREC Equations 13‑1 and 13‑2 and the corresponding areas and U-factors from NREC Table 13‑1 or 13‑2. For the target UAt calculation, the overhead glazing shall be located in roof/ceiling area and the remainder of the glazing allowed per NREC Table 13‑1 or 13‑2 shall be located in the wall area.



[bookmark: _Toc297394899][bookmark: _Toc298158212]Solar Heat Gain Coefficient Rate Calculations – NREC 1334
	NREC 1334 Requirements
	Solar heat gain coefficient shall comply with NREC 1323.3. The target SHGCAt and the proposed SHGCAp shall be calculated using NREC Equation 13-3 and 13-4 and the corresponding areas and SHGCs from NREC Table 13-1 or 13-2.
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Table 13-1: Building Envelope Requirements For Climate Zone 1

	
	
	Nonresidential
	Residential, 
Other than Single-Family

	

	
	Opaque Elements
	Assembly
Max.
	Insulation 
Min. R-Value
	Assembly
Max.
	Insulation 
Min. R-Value

	 Roofs
	
	
	
	

	
	Insulation Entirely above Deck
	U-0.034
	R-30 c.i.
	U-0.031
	R-38 c.i.

	
	Metal Building
	U-0.031
	R-25 + R-11 Ls
	U-0.031
	R-25 + R-11 Ls

	
	Single-Rafter 
	U-0.027
	R-38
	U-0.027
	R-38

	
	Attic and Other
	U-0.027
	R-38 adv or R-49
	U-0.027
	R-38 adv or R-49

	 Walls, Above-grade
	
	
	
	

	
	Mass1
	U-0.150
	R-5.7 c.i.
	U-0.090
	R-11.4 c.i.

	
	Metal Building
	U-0.064
	R-13 + R-7.5 c.i.
	U-0.057
	R-19 + R-8.5 c.i.

	
	Steel Framed
	U-0.064
	R-13 + R-7.5c.i.
	U-0.057
	R-19 + R-8.5 c.i.

	
	Wood Framed and Other
	U-0.057
	R-21 
	U-0.057
	R-13 + R- 6 c.i.

	 Wall, Below Grade
	
	
	
	

	
	Below Grade Wall
	
	Same as above grade
	
	Same as above grade

	 Floors
	
	
	
	

	
	Mass
	U-0.029
	R-30 c.i.
	U-0.029
	R-30 c.i.

	
	Steel Joist
	U-0.029
	R-38 + R-4 c.i.
	U-0.029
	R-38 + R-4 c.i.

	
	Wood Framed and Other
	U-0.029
	R-30 
	U-0.029
	R-30 

	 Slab-On-Grade Floors
	
	
	
	

	
	Unheated
	F-0.540
	R-10 for 24 in. (with thermal break)
	F-0.540
	R-10 for 24 in. (with thermal break)

	
	Heated
	F-0.360
	R-10 c.i.(with thermal break)
	F-0.360
	R-10 c.i. (with thermal break)

	 Opaque Doors
	
	
	
	

	
	Swinging
	U-0.600
	
	U-0.400
	

	
	Non-Swinging
	U-0.600
	
	U-0.400
	

	
	

	
	Fenestration 0-40% of Wall
	Assembly
Max. U
	Assembly 
Max. SHGC 
	Assembly
Max. U
	Assembly 
Max. SHGC 

	 Vertical Fenestration
	
	
	
	

	
	Nonmetal framing: all 
Metal framing:  fixed /operable
  Entrance doors 

	U-0.32
U-0.40

U-0.60

	SHGC-0.40 all,  OR
SHGC-0.45 all PLUS 
permanent PF > 0.50
on west, south, and east
	U-0.32
U-0.40

U-0.60

	

	 Skylights
	
	
	
	

	
	Without curb (i.e. sloped glazing)
	U-0.50
	SHGC-0.35 all
	U-0.50
	SHGC-0.35 all

	
	With curb (i.e. individual unit skylights)
	U-0.60
	
	U-0.60
	



The following definitions apply: c.i. = continuous insulation, Ls = liner system (see definitions)

Footnote
1.  Nonresidential walls may be ASTM C90 concrete block walls, ungrouted or partially grouted at 32 inches or less on center vertically and 48 inches or less on center horizontally, with ungrouted cores filled with material having a maximum thermal conductivity of 
0.44 Btu-in/hft2°F.
Table 13-2: Building Envelope Requirements For Climate Zone 2

	
	
	Nonresidential
	Residential,
Other than Single-Family

	

	
	Opaque Elements
	Assembly
Max.
	Insulation 
Min. R-Value
	Assembly
Max.
	Insulation 
Min. R-Value

	Roofs
	
	
	
	

	
	Insulation Entirely above Deck
	U-0.034
	R-30 c.i.
	U-0.031
	R-38 c.i.

	
	Metal Building
	U-0.031
	R-25 + R-11 Ls
	U-0.031
	R-25 + R-11 Ls

	
	Single-Rafter 
	U-0.027
	R-38
	U-0.027
	R-38

	
	Attic and Other
	U-0.027
	R-38 adv or R-49
	U-0.027
	R-38 adv or R-49

	Walls, Above-grade
	
	
	
	

	
	Mass
	U-0.123
	R-7.6 c.i.
	U-0.080
	R-13.3 c.i.

	
	Metal Building
	U-0.064
	R-13 + R-7.5 c.i.
	U-0.044
	R-19 + R-16 c.i.

	
	Steel Framed
	U-0.064
	R-13 + R-7.5 c.i.
	U-0.044
	R-19 + R-14 c.i.

	
	Wood Framed and Other
	U-0.051
	R-13 + R-7.5 c.i., or
R-21 + R-2.5 c.i.
	U-0.044
	R-21 + R-5 c.i. 


	Wall, Below Grade
	
	
	
	

	
	Below Grade Wall
	
	Same as above grade
	
	Same as above grade

	Floors
	
	
	
	

	
	Mass
	U-0.029
	R-30 c.i.
	U-0.029
	R-30 c.i.

	
	Steel Joist
	U-0.029
	R-38 + R-4 c.i.
	U-0.029
	R-38.0 + R-4 c.i.

	
	Wood Framed and Other
	U-0.029
	R-30
	U-0.029
	R-30

	Slab-On-Grade Floors
	
	
	
	

	
	Unheated
	F-0.540
	R-10 for 24 in. (with thermal break).
	F-0.540
	R-10 for 24 in. (with thermal break)

	
	Heated
	F-0.360
	R-10 c.i. (with thermal break)
	F-0.360
	R-10 c.i. (with thermal break)

	Opaque Doors
	
	
	
	

	
	Swinging
	U-0.600
	
	U-0.400
	

	
	Non-Swinging
	U-0.600
	
	U-0.400
	

	
	

	
	Fenestration 0-40% of Wall
	Assembly
Max. U
	Assembly 
Max. SHGC 
	Assembly
Max. U
	Assembly 
Max. SHGC 

	Vertical Fenestration
	
	
	
	

	
	Nonmetal framing: all 
Metal framing:   fixed/operable

Metal framing, entrance door
	U-0.32
U-0.40
U-0.60
	SHGC-0.40 all,  OR
SHGC-0.45 all PLUS 
permanent PF > 0.50 
on west, south, and east
	U-0.32
U-0.40
U-0.60
	

	Skylights
	
	
	
	

	
	Without curb (i.e. sloped glazing)
	U-0.50
	SHGC-0.35 all
	U-0.50
	SHGC-0.35 all

	
	With curb (i.e. individual unit skylights)
	U-0.60
	
	U-0.60
	



The following definitions apply: c.i. = continuous insulation, Ls = liner system (see definitions)
[bookmark: _Toc297394901][bookmark: _Toc298158214]
Building Envelope Equations
EQUATION 13-1: TARGET UAt
UAt = UratArat + UmrtAmrt + UrstArst + UortAort + UogcortAogcort + UogortAogort + UmwtAmwt + UmbwtAmbwt + UsfwtAsfwt + UwtAwt + UvgtAvgt + UvgmtAvgmt + UvgdtAvgdt + UdtAdt + UfmtAfmt + UfstAfst + 
UftAft + FstPst + FrstPrst
Uat		=	The target combined specific heat transfer of the gross roof/ceiling assembly, exterior wall and floor area.
Where:
Uradt	=	The thermal transmittance value for roofs with the insulation entirely above deck found in Table 13-1 or 13-2.
Umrt	=	The thermal transmittance value for metal building roofs found in Table 13-1 or 13-2.
Urst 	=	The thermal transmittance value for single rafter roofs found in Table 13-1 or 13-2.
Uort	=	The thermal transmittance value for attic and other roofs found in Table 13-1 or 13-2.
Uogcort =	The thermal transmittance for overhead glazing with curb found in Table 13-1 or 13-2 which corresponds to the proposed total glazing area as a percent of gross exterior wall area.
Uogort	=	The thermal transmittance for overhead glazing without curb found in Table 13-1 or 13-2 which corresponds to the proposed total glazing area as a percent of gross exterior wall area.
Umwt	=	The thermal transmittance value for opaque mass walls found in Table 13-1 or 13-2.
Umbwt		=	The thermal transmittance value for opaque metal building walls found in Table 13-1 or 13-2.
Usfwt		=	The thermal transmittance value for opaque steel framed walls found in Table 13-1 or 13-2.
Uwt		=	The thermal transmittance value for opaque wood framed and other walls found in Table 13-1 or 13-2.
Uvgt	=	The thermal transmittance value for vertical glazing with nonmetal framing found in Table 13-1 or 13-2 which corresponds to the proposed total glazing area as a percent of gross exterior wall area.
Uvgmt	=	The thermal transmittance value for vertical glazing with metal framing found in Table 13-1 or 13-2 which corresponds to the proposed total glazing area as a percent of gross exterior wall area.
Uvgdt	=	The thermal transmittance value for entrance doors found in Table 13-1 or 13-2 which corresponds to the proposed total glazing area as a percent of gross exterior wall area.
Udt		=	The thermal transmittance value for opaque doors found in Table 13-1 or 13-2.
Ufmt		=	The thermal transmittance value for mass floors over unconditioned space found in Table 13-1 or 13-2.
Ufst		=	The thermal transmittance value for steel joist floors over unconditioned space found in Table 13-1 or 13-2.
Uft		=	The thermal transmittance value for wood framed or other floors over unconditioned space found in Table 13-1 or 13‑2.
Fst		=	The F-factor for slab-on-grade floors found in Table 13-1 or 13-2.
Frst		=	The F-factor for radiant slab floors found in Table 13-1 or 13-2.
Adt		=	The proposed opaque door area, Ad.
Afmt	=	The proposed mass floor over unconditioned space area, Afm.
Afst		=	The proposed steel joist floor over unconditioned space area, Afs.
Aft		=	The proposed wood framed and other floor over unconditioned space area, Af.
Pst		=	The proposed linear feet of slab-on-grade floor perimeter, Ps.
Prst		=	The proposed linear feet of radiant slab floor perimeter, Ps.

and;

if the total amount of glazing area as a percent of gross exterior wall area does not exceed the maximum allowed in Table 13-1 or 13-2:
Aradt	=	The proposed roof area with insulation entirely above the deck, Arad.
Amrt	=	The proposed roof area for metal buildings, Amr.
Arst	=	The proposed single rafter roof area, Ars.
Aort	=	The proposed attic and other roof area, Aor.
Aogcort	=	The proposed overhead glazing area with curbs, Aogcor.
Aogort	=	The proposed overhead glazing without curbs, Aogor.
Amwt	=	The proposed opaque amass wall area, Amw.
Ambwt	=	The proposed opaque metal building wall area, Ambw.
Asfwt	=	The proposed opaque steel framed wall area, Asfw.
Awt	=	The proposed opaque wood and other wall area, Aw.
Avgt	=	The proposed vertical glazing area with nonmetal framing, Avg.
Avgmt	=	The proposed vertical glazing area with metal framing, Avgm.
Avgdt	=	The proposed entrance door area, Avgd.

or;

if the total amount of glazing area as a percent of gross exterior wall area exceeds the maximum allowed in Table 13‑1 or 13‑2, the area of each fenestration element shall be reduced in the base envelope design by the same percentage and the net area of each wall type adjusted proportionately by the same percentage so that the total overhead and vertical fenestration area is exactly equal to the maximum gross wall area allowed in Table 13-1 or 13-2.


EQUATION 13-2: PROPOSED UAp

	UAp
	=
	UmrAmr.+ UadAad.+ UrsArs.+UraAra.+UogcAogc.+UogAog.+UmwAmw.+ UmbwAmbw.+ UsfwAsfw.+ UwfowAwfow.+ UdAd.+UvgAvg.+ UvgmAvgm.+ UvgdAvgd.+ UfmAfm+ UfsAfs + UfwoAfwo.+FsPs + FsrPsr 


Where:
	UAp	=	The combined proposed specific heat transfer of the gross exterior wall, floor and roof/ceiling assembly area.
	Umr	=	The thermal transmittance of the metal building roof area.
	Amr	=	Opaque metal building roof area.
	Urad	=	The thermal transmittance of the roof area where the insulation is entirely above the roof deck.
	Arad	=	Opaque roof area where the insulation is entirely above roof deck.
	Urs		=	The thermal transmittance of the single rafter roof area.
	Ars		=	Opaque single rafter roof area.
	Ura		=	The thermal transmittance of the roof over attic and other roof area.
	Ara		=	Opaque roof over attic and other roof area.
	Uogc	=	The thermal transmittance for the overhead glazing with curbs.
	Aogc	=	Overhead glazing area with curbs.
	Uog		=	The thermal transmittance for the overhead glazing without curbs.
	Aog		=	Overhead glazing area without curbs.
	Umw	=	The thermal transmittance of the opaque mass wall area.
	Amw	=	Opaque mass wall area (not including opaque doors).
	Umbw	=	The thermal transmittance of the opaque metal building wall area.
	Ambw	=	Opaque metal building wall area (not including opaque doors).
	Usfw	=	The thermal transmittance of the opaque steel framed wall area.
	Asfw	=	Opaque steel framed wall area (not including opaque doors).
	Uwfow	=	The thermal transmittance of the opaque wood framed and other wall area.
	Awfow	=	Opaque wood framed and other wall area (not including opaque doors).
	Uvg		=	The thermal transmittance of the vertical glazing area with nonmetal framing.
	Avg		=	Vertical glazing area with nonmetal framing.
	Uvgmf	=	The thermal transmittance of the vertical glazing area with metal framing.
	Avg	mf	=	Vertical glazing area with metal framing.
	Uvg		=	The thermal transmittance of the vertical glazing area for entrance doors.
	Avg		=	Vertical glazing area for entrance doors.
	Ud		=	The thermal transmittance value of the opaque door area.
	Ad		=	Opaque door area.
	Ufm	=	The thermal transmittance of the mass floor over unconditioned space area.
	Afm	=	Mass floor area over unconditioned space. 
	Ufs		=	The thermal transmittance of the steel joist floor over unconditioned space area.
	Afs		=	Steel joist floor area over unconditioned space. 
	Ufwo	=	The thermal transmittance of the wood framed and other floor over unconditioned space area.
	Afwo	=	Wood framed and other floor area over unconditioned space. 
	Fs		=	Slab-on-grade floor component F-factor.
	Ps		=	Linear feet of slab-on-grade floor perimeter.
	Fsr		=	Radiant floor component F-factor.
	Psr		=	Linear feet of radiant floor perimeter.

NOTE:  Where more than one type of wall, window, roof/ceiling, door and skylight is used, the U and A terms for those items shall be expanded into sub-elements as:

			Umw1Amw1+Umw2Amw2+Usfw1Asfw1+...etc.


Equation 13-3: TARGET SHGCAt

SHGCAt = SHGCt (Aograt + Aogort + Avgt)
Where:
SHGCAt	=	The target combined specific heat gain of the target glazing area.
SHGCt	=	The solar heat gain coefficient for glazing found in Table 13-1 or 13-2 which corresponds to the proposed total glazing area as a percent of gross exterior wall area, and 
Aograt , Aogort , and Avgt are defined under Equation 13-1.


EQUATION 13-4: PROPOSED SHGCAp

SHGCAp = SHGCogAog + SHGCvgAvg
Where:
SHGCAt	=	The combined proposed specific heat gain of the proposed glazing area.
SHGCog	=	The solar heat gain coefficient of the overhead glazing.
Aog	=	The overhead glazing area.
SHGCvg	=	The solar heat gain coefficient of the vertical glazing.
Avg		=	The vertical glazing area.
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[bookmark: _Toc298158215]Chapter 14: Building Mechanical Systems Compliance Requirements
[bookmark: _Toc110680366][bookmark: _Toc19958772][bookmark: _Toc19944195][bookmark: Overview][bookmark: _Toc321293833][bookmark: _Toc298158216]Overview of Building Mechanical Systems Compliance Requirements
[bookmark: _Hlt518633461][bookmark: _Toc318524505][bookmark: _Toc318525165][bookmark: _Toc318525490][bookmark: _Toc318881152][bookmark: _Toc321285906][bookmark: _Toc321293834][bookmark: intro][bookmark: _Toc19944196][bookmark: _Toc19958773][bookmark: _Toc110680367][bookmark: _Toc298158217]Introduction
The overall intent of this chapter is to explain the mechanical system requirements of the Washington State Nonresidential Energy Code (NREC) as they apply to heating, ventilation, and air-conditioning (HVAC) systems, domestic hot water systems, and heated pools.
[bookmark: _Toc19941999]The intent of the NREC Chapter 14 is to reduce the amount of energy consumed by a building’s mechanical systems. This chapter includes requirements for system and equipment performance, controls, duct construction, pipe insulation and commissioning. 
NREC compliance forms are available and have been designed as tools to help designers comply with the code and plan reviewers and inspectors to enforce the code. When properly completed these forms will show compliance or noncompliance. A complete set of mechanical system forms are located under NREC Mechanical Systems Compliance Forms. Unlike building envelope and lighting compliance forms, the mechanical system forms requires few calculations. The intent of all mechanical system designs should be documented on the forms and plans. 
	[bookmark: _Hlt518633465]NOTE
	[bookmark: _Hlt519869798][bookmark: _Hlt518651221]See NREC 1132.2 for information on when and how the mechanical systems chapter of the NREC affects tenant improvements.



[bookmark: _Toc298158218]Summary of Requirements
In general, the NREC requires nonresidential and multi-family buildings to:
Comply with a set of general requirements
Comply with additional requirements based on whether the system is defined as either “simple” or “complex”

	Option
	Advantages
	Disadvantages

	Simple Systems Path
	May save design time 
	Very limited scope of system types and sizes

	Complex Systems Path
	Offers significant flexibility in design

	More design time
Requires more effort to demonstrate code compliance 


Table #14-1 – Simple vs. Complex Compliance Options
As an alternative to the simple system or complex system compliance options, the systems analysis approach, in which the lighting, building envelope, and mechanical systems are considered together rather than as separate systems, may be applied. Instructions for this approach are covered in the appendix Reference Standard 29 – Non-Residential Building Analysis By Systems Analysis.
The NREC also includes requirements for service water heating and swimming pools. These requirements apply to all systems, whether or not they are part of a permit application for a project involving HVAC systems.
The additional requirements for simple systems are intended for unitary equipment, that is, assemblies of factory-made components specifically designed to be used together. These assemblies are the same regardless of the facility in which they are installed. Split systems that meet these criteria are considered unitary. The following flowchart (Figure #1) taken from NREC form MECH-SUM can be used to determine whether a system is simple or complex.
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Figure#14-1 – Simple vs. Complex Systems Decision Flowchart

The additional requirements for complex systems are intended for “engineered” systems (sometimes called “built-up” systems). Engineered systems are designed for a specific facility and are made up of multiple factory-made components. The following flowchart (Figure #2) from NREC form MECH-COMP can be used to determine how the complex systems requirements apply to a project. 
[image: ]
Figure#14-2 – Complex Systems Requirements Decision Flowchart (Part 1)
[image: ]
Figure#14-3 – Complex Systems Requirements Decision Flowchart (Part 2)
Unlike the lighting systems and building envelope, compliance with one of the alternate mechanical systems paths is not always optional. To have the option to comply via the simple systems path, the HVAC equipment must “qualify” as a simple system. If the system does not qualify as a simple system, compliance must be demonstrated according to the complex system requirements.
The reverse of this is not true. If a system qualifies as a simple system, the option always exists to demonstrate compliance with the complex systems path. This might be used to take advantage of the many exceptions available for complex systems.
	
Example Problem

	A packaged rooftop system, which qualifies as a simple system, is specified for a grocery store. However, the owner does not want economizer control, even though it is required for simple systems. The complex systems economizer requirement is similar, but contains exceptions for supermarket refrigeration systems when it can be shown they will use more energy with economizer control than without it.

	Compliance Strategy

	In this case, it is advantageous to show compliance with the complex system path, even though the system qualifies as a simple system. As part of the compliance strategy, the applicant must demonstrate to the satisfaction of the building official that an economizer would increase energy use. 



[bookmark: _Hlt518633473][bookmark: vent][bookmark: _Toc318524508][bookmark: _Toc318525168][bookmark: _Toc318525493][bookmark: _Toc318881155][bookmark: _Toc321285909][bookmark: _Toc321293837][bookmark: _Toc19944199][bookmark: _Toc19958776][bookmark: _Toc110680370][bookmark: _Toc298158219]Mechanical Ventilation – NREC 1402
	NREC 1402 Requirements
	The minimum requirements for ventilation shall comply with the Washington State Mechanical Code (WAC 51-52). This is based on the 2009 International Mechanical Code with state amendments.
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For all nonresidential buildings, the NREC establishes general HVAC system requirements in the following categories: 
HVAC equipment performance 
Controls
Air economizers
Ducting systems
Piping systems
Service Hot Water Systems
Heated Pools 
Commissioning

The requirements, which are described in detail below, must be met regardless of the compliance option used. 

[bookmark: _Toc298158221]HVAC Equipment Performance Requirements – NREC 1411
[bookmark: _Toc298158222]General Performance RequirementsNREC 1411.1

Minimum energy efficiency requirements, and the procedures under which equipment shall be tested to defined rated performance, are provided in the NREC for the majority of available mechanical equipment. These requirements are listed within NREC Tables 14-1A through 14-1G. Each table includes one broad category of equipment. 
Mechanical equipment minimum efficiency requirement categories include:
· NREC Table 14-1A Unitary air Conditioners and Condensing Units, Electrically Operated - Unitary air conditioners and condensing units with air-, water- or evaporatively cooled condensers. 
· NREC Table 14-1B Unitary and Applied Heat Pumps, Electrically Operated - Unitary, water-source and groundwater-source heat pumps. 
· NREC Table 14-1C Water Chilling Packages - Water chilling equipment. 
· NREC Table 14-1D Packaged Terminal Air Conditioners, Packaged Terminal Heat Pumps, Room Air Conditioners and Room Air Conditioner Heat Pumps, Electrically Operated - Packaged terminal air conditioners and heat pumps and window mounted air conditioners and heat pumps. 
· NREC Table 14-1E Warm Air Furnaces and Combination Warm Air Furnaces/Air Conditioning Units, Warm Air Duct Furnaces and Unit Heaters - Packaged heating equipment including central furnaces, duct furnaces and unit heaters. 
· NREC Table 14-1F Boilers, Gas- And Oil-Fired - Boilers. 
· NREC Table 14-1G Performance Requirements for Heat Rejection Equipment - Heat rejection equipment including cooling towers, fluid coolers and air-cooled condensers.

Information about the various types of equipment and their application is provided under Mechanical System Education.

In general the following notes apply to column headings to each of the tables:
The Equipment Type column organizes the equipment performance ratings by cooling or heating equipment type. Cooling equipment is generally categorized by configuration and condenser type. Heat pumps are generally categorized by configuration, condenser type and whether the ratings in that row are for heating performance or cooling performance.
The Size Category column identifies the heating or cooling output range for the equipment in that row. Output is always listed in Btu/hr.
The Sub-Category or Rating Condition further identifies the equipment performance requirements. Sometimes this column is used to further identify the configuration of the equipment, such as single package versus split system air conditioners. In other cases it may identify specific testing conditions for determining the performance of the equipment, such as the temperature of water entering the condenser of equipment with water-cooled condensers. Where the required efficiency changes at a specific date, the date will be indicated here.
The Minimum Efficiency column lists the minimum required efficiency for the equipment in any row. This column reflects the fact that most heating and cooling equipment is rated in two ways:
Steady-state performancethe rating of the equipment at specified environmental and full load conditions (e.g., COP, EER). Actual performance may vary from this.
Part-load or seasonal performancethe weighted-average rating from a range of environmental and load conditions (e.g., SEER, IPLV). This rating is intended to better represent the overall performance of the equipment over the course of a typical year.

The equipment must meet both the Steady State and Seasonal/Part Load requirements in cases where both are identified.
The Test Procedure column lists the test procedure that must be used by the equipment manufacturer. These test procedures are industry standards, and manufacturers regularly test their equipment for a variety of performance characteristics, such as cooling or heating capacity, in addition to energy efficiency. 

	NREC 1411.1 Requirements
	Equipment shall have a minimum performance at the specified rating conditions not less than the values shown in Tables 14-1A through 14-1G. If a nationally recognized certification program exists for a product covered in Tables 14-1A through 14-1G, and it includes provisions for verification and challenge of equipment efficiency ratings, then the product shall be listed in the certification program.
For equipment not within the scope of the standards in Table 14-1A through 14-1G, this Code does not contain any minimum efficiency requirements. However, for any claims of efficiency, such as for calculations using the RS-29 compliance option, data shall be furnished by the equipment manufacturer consisting of a complete report from a test performed by an independent laboratory accredited by a nationally recognized accreditation organization.
Gas-fired and oil-fired forced air furnaces with input ratings  225,000 Btu/h (65 kW) and all unit heaters shall also have an intermittent ignition or interrupted device (IID), and have either mechanical draft (including 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/h (65 kW), including electric furnaces, that are not located within the conditioned space shall have jacket losses not exceeding 0.75% of the input rating.
Chilled water plants and buildings with more than 500 tons total capacity shall not have more than 100 tons provided by air-cooled chillers.


	NREC 1411.1 Exceptions
	· Where the designer demonstrates that the water quality at the building site fails to meet manufacturer’s specifications for the use of water-cooled equipment.
· Air-cooled chillers with minimum efficiencies at least 10 percent higher than those listed in Table 14-1C.
· Replacement of existing equipment.



[bookmark: _Toc298158223]Rating Conditions – NREC 1411.2

	NREC 1411.2 Requirements
	Cooling equipment shall be rated at AHRI test conditions and procedures when available. Where no applicable procedures exist, data shall be furnished by the equipment manufacturer consisting of a complete report from a test performed by an independent laboratory accredited by a nationally recognized accreditation organization.



This requirement is more of a concern to equipment manufacturers than to designers and code enforcement personnel. For the permit applicant, it is adequate to show that the reported equipment performance was taken at the rating conditions specified. 
Reported equipment performance data should be from a nationally recognized certification program or rating procedure. Generally product literature and vendor data specifying the appropriate standard are adequate. The Air-Conditioning and Refrigeration Institute (ARI) provides complete product listings of capacity and efficiency ratings for certain heating and cooling equipment, including packaged terminal air-conditioners, packaged terminal heat pumps, water-source heat pumps, ground-source heat pumps, unitary air-conditioners, unitary air-source heat pumps, and centrifugal and rotary water chillers. However, ARI does not publish data for units with cooling capacities over 250,000 Btu/hr (21 tons). 

[bookmark: _Toc298158224]Water-Cooled Centrifugal Water-Chilling Packages-Non-Standard Conditions – NREC 1411.2.1

	NREC 1411.2.1 Requirements
	Water-cooled centrifugal water-chilling packages that are not designed for operation at AHRI Standard 550/590 test conditions reflected in Table 14-1C (44°F leaving chilled-water temperature and 85°F entering condenser water temperature with 3 gpm/ton condenser water flow) shall have maximum full-load kW/ton and NPLV ratings adjusted using Equation 14-1.
The adjusted full-load and NPLV values are only applicable over the following full-load design ranges:
· Minimum leaving chilled water temperature: 38°F;
· Maximum condenser entering water temperature: 102°F;
· Condenser water flow: 1 to 6 gpm/ton; and
· X ≥ 39 and ≤60.
Chillers designed to operate outside of these ranges or applications utilizing fluids or solutions with secondary coolants (e.g. glycol solutions or brines) with a freeze point of 27°F or lower for freeze protection are not covered by this standard.


Adjusted maximum full-load kW/ton rating = (Full load kW/ton from Table 14-1C)/Kadj
Adjusted maximum NPLV rating = (IPLV from Table 14-1C)/Kadj

Where:
Kadj	=	6.174722 ‑ 0.303668(X) + 0.00629466(X)2 ‑ 0.000045780(X)3
X	=	DTstd + LIFT
DTstd	=	(24 + [full load kW/ton from Table 14-1C] x 6.83)/Flow
Flow	=	Condenser water flow (gpm)/cooling full load capacity (tons)
LIFT	=	CEWT ‑ CLWT
CEWT	=	Full load condenser entering water temperature (F)
CLWT	=	Full load condenser leaving chilled water temperature (F)

Equation 14-1Calculation for Water-Cooled Centrifugal Water-Chilling Packages at Non-Standard Conditions


[bookmark: _Toc298158225]Combination Space and Service Water Heating – NREC 1411.3

This addresses the specific situation where a single water heater provides both service water heating and space heating. 
	NREC 1411.3 Requirements
	For combination space and service water heaters with a principal function of providing space heat, the Combined Annual Efficiency (CAE) may be calculated by using ASHRAE Standard 124-1991. Storage water heaters used in combination space heat and water heat applications shall have either an Energy Factor (EF) or a Combined Annual Efficiency (CAE) of not less than the following:

	
	Energy Factor
(EF)
	Combined Annual Efficiency (CAE)

	< 50 gallon storage
	0.58
	0.71

	50 to 70 gallon storage
	0.57
	0.71

	[bookmark: _Hlt518560815]> 70 gallon storage
	0.55
	0.70





[bookmark: _Toc298158226]Packaged Electric Heating and Cooling Equipment – NREC 1411.4

	NREC 1411.4 Requirements
	Packaged electric equipment providing both heating and cooling with a total cooling capacity greater than 20,000 Btu/h shall be a heat pump.

	NREC 1411.4 Exceptions
	Unstaffed equipment shelters or cabinets used solely for personal wireless service facilities.



While the NREC does not mandate using certain equipment or fuel sources, there is reason for prohibiting all-electric packaged equipment providing both cooling and heating. Electric resistance heat is significantly less efficient than a heat pump and is practically unnecessary if packaged heating and cooling equipment is used.
The intent of this requirement is to take advantage of the refrigeration system already present in the air-conditioner. Only a reversing valve and controls are necessary to make it a heat pump. Doing otherwise passes on an opportunity for significant heating energy savings over the lifetime of the system.	

	NOTE
	Packaged air-conditioners utilizing other means for heating (such as a fossil fuel furnace or hydronic heating coil) are not subject to this requirement.




[bookmark: _Toc298158227]Heating Systems in Unenclosed Spaces – NREC 1411.5


	NREC 1411.5 Requirements
	Where comfort heating is provided to unenclosed spaces, only radiant heating systems shall be used unless otherwise approved by the building official. The heating system shall be controlled by an occupant sensor. An unenclosed space is one that is not substantially surrounded by solid surfaces such as walls, floors, roofs, and openable devices such as doors and operable windows. Warehouses and repair garages are considered enclosed spaces.



[bookmark: controls][bookmark: _Toc19944206][bookmark: _Toc19958783][bookmark: _Toc110680378][bookmark: _Toc298158228]HVAC Controls NREC 1412
[bookmark: _Hlt518560967][bookmark: _Toc298158229]Temperature Controls NREC 1412.1

NREC Chapter 2 defines a zone as a space or group of spaces within a building with heating and/or cooling requirements sufficiently similar that comfortable conditions can be maintained throughout by a single controlling device.
	NREC 1412.1 Requirements
	Each system shall be provided with at least one temperature control device. Each zone shall be controlled by individual thermostatic controls responding to temperature within the zone. At a minimum, each floor of a building shall be considered as a separate zone. Controls on systems required to have economizers and serving single zones shall have multiple cooling stage capability and that activate the economizer when appropriate as the first stage of cooling. See Section 1423 or 1433 for further economizer control requirements.



[bookmark: _Toc298158230]Deadband Controls – NREC 1412.2

NREC Chapter 2 defines deadband as the temperature range within which no heating or cooling is used. The concept of deadband applies to thermostats that control both heating and cooling. People are not comfortable at the same temperature when a system is providing heating as when the same system is providing cooling. Typically, people are comfortable when a space is heated to 70F and cooled to 75F. When the space temperature is between these two temperatures, there is no need for heating or cooling. Use of a thermostatic deadband minimizes the inefficiencies of temperature oscillation (cycling between space heating and space cooling) within a temperature control zone.
	NREC 1412.2 Requirements
	When used to control both comfort heating and cooling, zone thermostatic controls shall be capable of a deadband of at least 5°F within which the supply of heating and cooling energy to the zone is shut off or reduced to a minimum.

	NREC 1412.2 Exceptions
	· Special occupancy, special usage or code requirements where deadband controls are not appropriate.
· Thermostats that require manual changeover between heating and cooling modes.



[bookmark: _Hlt518633596][bookmark: _Toc298158231]Humidity Controls – NREC 1412.3

In general, people are most comfortable when the relative humidity is between 40 and 60 percent. During cold and dry weather conditions, it is not unusual for the indoor humidity to fall below 30 percent, making humidification desirable.
A humidifier is a device that adds moisture to the air circulated through the ducts in an HVAC system. Humidification to levels higher than required for occupant comfort or equipment operation causes unnecessary energy use without added benefit.
	NREC 1412.3 Requirements
	If a system is equipped with a means for adding moisture, a humidistat shall be provided.



[bookmark: _Toc298158232]Setback and Shut-Off – NREC 1412.4

Setback is the reduction of heating or cooling during the hours when a building is unoccupied. A setback thermostat allows setpoints to be scheduled by time of day. For example, it may be desirable to maintain an office space at 70°F between the hours of 8:00 a.m. and 5:00 p.m., and to reduce or eliminate heating during other hours, when employees are not present. The scheduling capability of many thermostats allows different schedules to be entered for Saturday, Sunday, and weekdays. 
	NREC 1412.4 Requirements
	HVAC systems shall be equipped with automatic controls capable of accomplishing a reduction of energy use through control setback or equipment shutdown during periods of non-use or alternate use of the spaces served by the system. The automatic controls shall:
· Have a minimum seven-day clock and be capable of being set for seven different day types per week,
· Be capable of retaining programming and time settings during loss of power for a period of at least ten hours, and
· Include an accessible manual override, or equivalent function (e.g., telephone interface), that allows temporary operation of the system for up to two hours.


	NREC 1412.4 Exceptions
	· Systems serving areas which require continuous operation at the same temperature setpoint.
· Equipment with full load demands of 2 kW (6,826 Btu/h) or less may be controlled by readily accessible manual off-hour controls.
· Systems controlled by an occupant sensor that is capable of shutting the system off when no occupant is sensed for a period of up to 30 minutes.
· Systems controlled solely by a manually operated timer capable of operating the system for no more than two hours.






	Example Problem

	A department store is normally open during the week from 10:00 a.m. to 8:00 p.m., but has changed its Thursday closing time to 10:00 p.m.

	Compliance Requirement

	A conventional “5-day/2-day” thermostat would not allow one weekday to be set differently than the others. Rather than gamble on the comfort of its customers, store operations would likely change the setback setting to 10:00 p.m. for every weekday with this type of thermostat. An automatic control meeting the NREC requirement would permit Thursday to have a unique setback setting, making it possible to reduce heating operation an additional eight hours per week without sacrificing comfort.



	Setback and Shut-off for Hotel and Motel Guest Rooms

	NREC 1412.4 Additional Requirements
	For hotel and motel guest rooms, a minimum of one of the following control technologies shall be required in hotels/motels with over 50 guest rooms such that the space temperature would automatically setback (winter) or set up (summer) by no less than 3°C (5°F) or hotel and motel guest rooms, a minimum of: 
· Controls that are activated by the room occupant via the primary room access method ‑ key, card, deadbolt, etc.
· Occupancy sensor controls that are activated by the occupant's presence in the room.


[bookmark: _Toc298158233]Dampers – NREC 1412.4.1

Setback thermostats are often set back to 55°F or 60°F during unoccupied periods. This usually results in significant energy savings. However, there is often a pathway connecting the conditioned space to the outdoors through the HVAC system and ductwork. During the time the system is not operating, significant exfiltration may occur if the air distribution system is not closed off from outside air.
Motorized means the damper is closed by a mechanical actuator or motor. In most new equipment, dampers are operated by electric motors attached to the dampers by a gear drive mechanism. Sometimes this actuator may be pneumatically powered using compressed air, however, pneumatic systems are not very common in new HVAC systems.
Automatic means that the damper is controlled to close once the system turns off and without any need for human interaction.
	NREC 1412.4.1 Requirements
	Outside air intakes, exhaust outlets and relief outlets serving conditioned spaces shall be equipped with motorized dampers which close automatically when the system is off or upon power failure. 
Return air dampers shall be equipped with motorized dampers. Stair shaft and elevator shaft smoke relief 
openings shall be equipped with normally open (fails to open upon loss of power) dampers. These dampers shall remain closed until activated by the fire alarm system or other approved smoke detection system.


	NREC 1412.4.1 Exceptions
	· Systems serving areas which require continuous operation.
· Combustion air intakes.
· Gravity (nonmotorized) relief dampers are acceptable in equipment with less than 5,000 cfm total supply flow when in buildings less than three stories in height.
· Type 1 Grease hoods exhaust.



	Damper Leakage Rating

	NREC 1412.4.1 Additional Requirements
	Dampers installed to comply with this section, including dampers integral to HVAC equipment, shall have a maximum leakage rate when tested in accordance with AMCA Standard 500 of:
· Motorized Dampers: 10 cfm/ft2 of damper area at 1.0 inch w.g.
· Nonmotorized Dampers: 20 cfm/ft2 of damper area at 1.0 inch w.g., except that for nonmotorized dampers smaller than 24 inches in either dimension: 40 cfm/ft2 of damper area at 1.0 inch w.g.
Drawings shall indicate compliance with this section.



[bookmark: _Toc298158234]Dampers Controls – NREC 1412.4.1.1

	NREC 1412.4.1.1 Requirements
	Dampers for outdoor air supply and exhaust shall automatically shut when the systems or spaces served are not in use or during building warm-up, cooldown, and setback. Operation of dampers shall be allowed during ventilation prepurge one hour before expected occupancy and for unoccupied period precooling during the cooling season.
Classrooms, gyms, auditoriums and conference rooms larger than 500 square feet of floor area shall have occupancy sensor control that will either close outside air dampers or turn off serving equipment when the space is unoccupied except where equipped with another means to automatically reduce outside air intake below design rates when spaces are partially occupied.



[bookmark: _Toc298158235]Optimum Start Controls – NREC 1412.4.2

Systems with a designed air capacity greater than 2,000 cfm will have optimum start controls. These controls are to be designed to automatically start the HVAC system each day to bring the occupied to desired temperature levels immediately prior to the scheduled use of the building. At a minimum, the control algorithm will be a function of the difference between the space temperature, occupied set-point, and the time before building occupation.
	NREC 1412.4.2 Requirements
	Heating and cooling systems with design supply air capacities exceeding 2,000 cfm shall have optimum start controls. Optimum start controls shall be designed to automatically adjust the start time of an HVAC system each day to bring the space to desired occupied temperature levels immediately before scheduled occupancy. The control algorithm shall, as a minimum, be a function of the difference between space temperature and occupied setpoint and the amount of time prior to scheduled occupancy.



[bookmark: _Toc298158236]Heat Pump Controls – NREC 1412.5

This requirement was included in the NREC to optimize the efficiency of both temperature setback and heat pump strategies. “Smart” thermostats use indoor air temperature, occupancy schedule, and stored data from the previous day to estimate a start-up time that is sufficiently early to allow the heat pump to bring the building slowly up to the desired temperature, minimizing the consumption of backup electric resistance heating.
The control should indicate when the heat pump system is using backup resistance heating, thereby alerting the occupant to excessive supplemental heating operation. Improper control can be investigated while it is occurring, rather than after the occupant has experienced several months of high heating bills.
	NREC 1412.5 Requirements
	Unitary air cooled heat pumps shall include microprocessor controls that minimize supplemental heat usage during start-up, set-up, and defrost conditions. These controls shall anticipate need for heat and use compression heating as the first stage of heat. Controls shall indicate when supplemental heating is being used through visual means (e.g., LED indicators). Heat pumps equipped with supplementary heaters shall be installed with controls that prevent supplemental heater operation above 40°F.



[bookmark: _Toc298158237]Combustion Heating Equipment Controls – NREC 1412.6

The 2001 NREC does not place any limits on the capacity of heating or cooling equipment. However, inefficiency can result when heating capacity significantly exceeds heating load, particularly with fossil fuel-fired heating equipment. “Short-cycling” of combustion heating equipment may result in heating energy going up the flue.
	NREC 1412.6 Requirements
	Combustion heating equipment with a capacity over 225,000 Btu/h shall have modulating or staged combustion control.


	NREC 1412.6 Exceptions
	Combustion equipment that do not have to comply with this requirement are boilers and radiant heaters.



[bookmark: _Toc298158238]Balancing – NREC 1412.7

Without adequately balancing dampers and valves it is impossible to achieve the air and fluid flows called for in the duct and piping design. Unbalanced zones will be overheated or undercooled. Balancing the HVAC systems helps the system operate according to design intent. 
Air balancing - Provide a means for balancing every air supply outlet. The air balancing device is typically a manual volume damper which must be installed at every supply air outlet. Opposed blade dampers may also be used when integral to the diffusers.
Water balancing - Provide a means for balancing every water terminal device. The water balancing device is typically a balancing valve installed at each coil.

	NREC 1412.7 Requirements
	Each air supply outlet or air or water terminal device shall have a means for balancing, including but not limited to, dampers, temperature and pressure test connections and balancing valves.



[bookmark: _Toc298158239]Ventilation Controls for High-Occupancy Areas NREC 1412.8

	NREC 1412.8 Requirements
	Demand control ventilation (DCV) is required for spaces that are larger than 500 ft2, have an occupant density for ventilation of greater than 25 people for 1000 ft2 of floor area (based on the Default Occupant Density column of Table 403.3 of the Washington State Mechanical Code), and are served by systems with one or more of the following:
· An air-side economizer,
· Automatic modulating control of the outdoor air damper, or 
· A design outdoor ventilation airflow of all systems serving the space combined greater than 3000 cfm.

	NREC 1412.8 Exceptions
	· Systems with energy recovery complying with Section 1436.
· Spaces with a combined design outdoor airflow less than 1000 cfm.
· Spaces where the supply airflow rate minus any makeup or outgoing transfer air requirement is less than 1000 cfm.



[bookmark: _Toc298158240]Enclosed Loading Dock and Parking Garage Exhaust Ventilation System Control – NREC 1412.9

	NREC 1412.9 Requirements
	Mechanical ventilation systems for enclosed loading docks and parking garages shall be designed to exhaust the airflow rates (maximum and minimum) determined in accordance with the State Mechanical Code (chapter 51-52 WAC).
Ventilation systems shall be equipped with a control device that operates the system automatically upon detection of vehicle operation or the presence of occupants by approved automatic detection devices. Each of the following types of controllers shall be capable of shutting off fans or modulating fan speed.
· Gas sensor controllers used to activate the exhaust ventilation system shall stage or modulate fan speed upon detection of specified gas levels. All equipment used in sensor controlled systems shall be designed for the specific use and installed in accordance with the manufacturer's recommendations. The following are minimum gas sensor system requirements:
· Garages and loading docks used predominantly by gasoline-powered vehicles shall be equipped with a controller and a full array of carbon monoxide (CO) sensors set to maintain levels of carbon monoxide below 35 parts per million (ppm). Spacing and location of the sensors shall be installed in accordance with manufacturer recommendations.
· Where more than 20 percent of the vehicles using the garage or loading dock are powered by nongasoline fuels, the area exposed to nongasoline fueled vehicle exhaust shall be equipped with a controller and fuel-appropriate sensors. The set-point for the nongasoline sensors shall be no less than the standard used by OSHA for eight hour exposure. The controller shall activate the ventilation system when sensor set-point is reached. Spacing and location of the sensors shall be installed in accordance with manufacturer recommendations.
· Automatic time clocks used to activate the system shall activate the system during occupied periods. The time clock shall be capable of scheduling multiple start and stop times for each day of the week, varying the daily schedule, and retaining programming for a 10-hour period during loss of power.
· Occupant detection sensors used to activate the system shall detect entry into the parking garage along both the vehicle and pedestrian pathways.



[bookmark: _Toc298158241]System Activation Devices for Enclosed Loading Docks – NREC 1412.9.1

	NREC 1412.9.1 Requirements
	Ventilation systems for enclosed loading docks shall be activated by one of the following:
1.	Gas sensors; or
2.	Time clock and a manual over-ride switch located in the dock area that is accessible to persons in the loading dock area.



[bookmark: _Toc298158242]System Activation Devices for Enclosed Parking Garages – NREC 1412.9.2

	NREC 1412.9.2 Requirements
	Ventilation systems for enclosed parking garages shall be activated by gas sensors.


	NREC 1412.9.2 Exceptions
	A parking garage ventilation system having a total design capacity under 8,000 cfm may use a time clock or occupant sensors.



[bookmark: _Toc298158243]Economizers – NREC 1143
Most commercial buildings require cooling even in mild and cool weather. This is because interior spaces without direct building envelope heat loss have loads from people, lights, and other interior heat sources that must be cooled. Also, in perimeter spaces, high solar heat gain at times will offset heat loss. 
Economizers take advantage of favorably cool outdoor air to cool the building in place of using mechanical refrigeration. NREC Section 1413 includes general requirements for two types of economizers: air economizers and water economizers.
An air economizer is a unique combination of control logic, dampers, and ducting that allows cool outdoor air to be used for building cooling, in place of air that has been cooled through refrigeration.
A basic air economizer consists of a set of dampers on the return air, exhaust air, and outside air, as shown in the figure below. 
Air economizers are typically specified as a factory option for packaged equipment. On large built-up HVAC systems, the economizer control is normally specified for the system by the mechanical designer and fabricated/installed by the controls contractor.
A water economizer is a unique configuration of piping and valves that allows water cooled first by the cooling tower, and then by the electric water chiller if necessary, to be used to cool the supply air. There are many configurations of water economizers. One of the most common types is called the "Indirect Water Economizer"
Indirect water economizer systems use a separate precooling (economizer) coil in series with the mechanical system cooling coil. Water is run through the cooling tower and cooled as much as possible. Then the water is run through the economizer coil, precooling the air before it enters the mechanical system cooling coil (also known as a “series coil”).

Recommended Waterside Economizer Design For Energy Code Compliance In Washington State, published by the Puget Sound Chapter of ASHRAE provides guidelines on designing water economizers that comply with §1413 and §1433 Exception 2 of the NREC
[bookmark: _Hlt519868061][bookmark: _Hlt519868064]The circumstances under which an air economizer is required for simple systems are described in NREC §1423. NREC §1433 describes when air or water economizers are required for complex systems. However, if required, the economizer must, at a minimum, meet requirements covering:
Operation
Documentation (water economizers only)
Control and Integrated operation

These requirements, which apply to both simple and complex systems, are described below.
[bookmark: _Toc298158244]Economizer Operation – NREC 1413.1

	NREC 1413.1 Requirements
	Air economizers shall be capable of automatically modulating outside and return air dampers to provide 100% of the design supply air as outside air to reduce or eliminate the need for mechanical cooling. Systems shall provide a means to relieve excess outdoor air during air economizer operation to prevent overpressurizing the building. Air economizers shall be used for RS-29 analysis base case for all systems without exceptions in Sections 1413, 1423, or 1433. Water economizers, when allowed by Section 1132.2 exception 1 or Section 1433 exceptions 3 and 9, shall be capable of providing the total concurrent cooling load served by the connected terminal equipment lacking airside economizer, at outside air temperatures of 50F dry-bulb/45F wet-bulb and below. 
For this calculation, all factors including solar and internal load shall be the same as those used for peak load calculations, except for the outside temperatures.



	NOTE
	Some systems use building relief dampers rather than system exhaust dampers. Economizer capability should be verified based on the outside air capability of the system, rather than on the presence of 100% system exhaust capability.



[bookmark: _Toc298158245]Water Economizer Documentation – NREC 1413.2

	NREC 1413.2 Requirements
	Water economizers plans submitted for approval shall include the following information:
· Maximum outside air conditions for which economizer is sized to provide full cooling.
· Design cooling load to be provided by economizer at this outside air condition.
· Heat rejection and terminal equipment performance data including model number, flow rate, capacity, entering and leaving temperature in full economizer cooling mode.



[bookmark: _Toc298158246]Integrated Operation – NREC 1413.2

	NREC 1413.3 Requirements
	The HVAC system and its controls shall allow economizer operation when mechanical cooling is required simultaneously. Air and water economizers shall be capable of providing partial cooling even when additional mechanical cooling is required to meet the remainder of the cooling load.


	NREC 1413.3 Exceptions
	· Individual, direct expansion units that have a rated capacity less than 65,000 Btu/h and use nonintegrated economizer controls that preclude simultaneous operation of the economizer and mechanical cooling.
· Water-cooled water chillers with waterside economizer.




	NOTE
	To prevent ice formation on cooling coils, economizers may be shut down. The outside air dampers return to the minimum position whenever mechanical cooling is on. Direct expansion systems without hot gas bypass or other low load controls require this type of control. .





[bookmark: _Toc298158247]Humidification – NREC 1413.4

	NREC 1413.4 Requirements
	If an air economizer is required on a cooling system for which humidification equipment is to be provided to maintain minimum indoor humidity levels, then the humidifier shall be of the adiabatic type (direct evaporative media or fog atomization type).


	NREC 1413.4 Exceptions
	· Health care facilities where WAC 246-320-525 allows only steam injection humidifiers in ductwork downstream of final filters.
· Systems with water economizer
· 100% outside air systems with no provisions for air recirculation to the central supply fan.
· Nonadiabatic humidifiers cumulatively serving no more than 10% of a building’s air economizer capacity as measured in cfm. This refers to the system cfm serving rooms with stand alone or duct mounted humidifiers.



Adiabatic means that no additional energy or heat is needed to add humidity to the air stream. There are two common methods for adiabatic humidification:
Direct Evaporative Media: The air stream passes through an absorbent highly porous material that is saturated with water. As air passes through the material, water evaporates into the air stream, increasing its humidity.
Fog Atomization: Pressurized water is sprayed through nozzle or array of nozzles designed to create an extremely fine spray in the supply air stream. This fine spray evaporates into the supply air stream, increasing its humidity.

Other types of humidification require additional heat to add moisture to the supply air stream and will therefore increase the cooling load on the air conditioning system. These methods include:
Steam injection systems
In-line steam generation systems that use gas-fired, electric resistance or infrared heating to "boil" water that is absorbed by the supply air stream.
[bookmark: _Toc318524528][bookmark: _Toc318525188][bookmark: _Toc318525513][bookmark: _Toc318881175][bookmark: _Toc321285929][bookmark: _Toc321293857][bookmark: econsum][bookmark: _Toc19944221][bookmark: _Toc19958798][bookmark: _Toc110680393]
[bookmark: _Toc298158248]Economizer Summary
Air economizer controls must operate as follows:
· When the outside air temperature is less than the return air temperature and less than the required supply air temperaturethe dampers modulate, mixing the outdoor and return air to satisfy the required supply air temperature.

· When the outside air temperature is less than the return air temperature, but greater than the required supply air temperaturethe dampers are controlled to introduce 100 percent outside air in order to supplement mechanical cooling as much as possible.

· When the outside air temperature is greater than the return air temperaturethe outside air dampers close to a minimum position that still satisfies ventilation requirements and allows return air to enter the fan system. At this point, the system is unable to provide any “free cooling.”

· In all cases, enthalpy control can be substituted for temperature control. Return air conditions can either be measured directly, or can be “assumed” using a “change over” control with a fixed temperature or enthalpy set point. Outside air conditions must be measured.

	NOTE
	Direct expansion coil is the designation given a refrigerant evaporator coil that is located in the supply air stream. Sometimes this is referred to as a “DX” system.
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[bookmark: _Toc298158249] Ducting Systems – NREC 1414 
[bookmark: _Hlt518633646]These requirements affect the efficiency with which the distribution system delivers energy to the various spaces in the building. The benefits of highly efficient heating and air-conditioning systems are lost if the air delivery system leaks large quantities of air before delivery to the intended space.
Tests conducted by SMACNA, ASHRAE, ANSI, and TIMA have demonstrated that failure to seal ductwork can increase air leakage by 300% or more. The following example shows the importance of properly sealing ductwork and how duct leakage is heavily influenced by duct system static pressure.
A 12” x 12” metal rectangular duct 50 feet long operating just above 0.5 inches of static pressure will leak approximately 60 cubic feet per minute (cfm) if unsealed but 16 cfm if sealed. Sealing the duct reduces leakage by roughly 44 cfm.
The same duct operating under 2.0 inches of static pressure will leak approximately 150 cfm if unsealed but 40 cfm if sealed. Sealing the duct reduces leakage by roughly 110 cfm.

[bookmark: _Toc298158250]Duct and Plenum Sealing – NREC 1414.1.1

	NREC 1414.1.1 Requirements
	Duct work which is designed to operate at pressures above ½ inch water column static pressure shall be sealed as follows:
· Static pressure ½ inch to 3 inches: Seal all transverse joints and longitudinal seams. Spiral lock seams in round and flat oval duct work do not require sealing; however, other seams shall be sealed.
· Static pressure above 3 inches: Seal all transverse joints, longitudinal seams and duct wall penetrations.
All low pressure supply and return air systems not located entirely within the conditioned space, including the unconditioned side of enclosed stud bays or joist cavities/spaces used to transport air, shall be securely fastened and sealed. Duct work shall be sealed using welds, gaskets, mastic, or mastic-plus-embedded-fabric tape. Enclosed stud bays or joist cavities/spaces used to transport air shall be sealed using mastic-plus-embedded-fabric tape, or when drywall is used to enclose the air system, drywall mud and tape. Duct tape is not permitted as a sealant on any ducts.

	NREC 1414.1.1 Exceptions
	Fibrous glass duct systems installed in accordance with Standard UL 181A and flexible duct systems installed in accordance with Standard UL 181B may use tapes listed for these systems.



	NOTE
	Instead of duct tape, the primary means of sealant must use a mechanical fastener (such as a threaded strap) with duct tape applied on top of the strap or non-pressure sensitive sealing system (such as mesh and mastic).




[bookmark: _Toc298158251]Low Pressure Duct Leak Test – NREC 1414.1.2

	NREC 1414.1.2 Requirements
	All duct systems shall be sealed to a leakage rate not to exceed 6 percent of the fan flow if the duct system meets all three of the following criteria:
1.	Is connected to a constant volume, single zone, air conditioner, heat pump or furnace; and
2.	Serves less than 5,000 square feet of floor area; and
3.	Has more than 25 percent duct surface area located in any unconditioned space.
The leakage rate shall be confirmed through field verification and diagnostic testing, in accordance with SMACNA Duct Leakage Test Procedures ‑ 1985.




[bookmark: _Toc298158252]High Pressure Duct Leak Test – NREC 1414.1.3

	NREC 1414.1.3 Requirements
	Duct work that is designed to operate at static pressures in excess of 3 inches water column shall be leak-tested in accordance with SMACNA Duct Leakage Test Procedures ‑ 1985. Representative sections totaling no less than 25% of the total installed duct area for the designated pressure class shall be tested. Duct systems with pressure ratings in excess of 3 in. w.c. shall be identified on the drawings. 
The maximum permitted duct leakage shall be calculated using the duct leakage rate equation.






Lmax = CLP0.65

Where:

Lmax	=	Maximum permitted leakage in cfm/100 ft2 duct surface area.
CL	=	Duct leakage class, cfm/100 ft2 at 1 in. w.c.
CL	=	6 for rectangular sheet metal, rectangular fibrous, and round 
flexible ducts.
CL	=	3 for round/flat oval sheet metal or fibrous glass ducts.
P	=	Test pressure, which shall be equal to the design duct pressure class
rating in w.c.
Equation#1 Duct Leakage Rate Equation
[bookmark: _Toc298158253]Duct and Plenum Insulation – NREC 1414.2

	NREC 1414.2 Requirements
	Ducts and plenums that are constructed and function as part of the building envelope, by separating interior space from exterior space, shall meet all applicable requirements of Chapter 13. These requirements include insulation installation, moisture control, air leakage, and building envelope insulation levels. Unheated equipment rooms with combustion air louvers shall be isolated from the conditioned space by insulating interior surfaces to a minimum of R-11 and any exterior envelope surfaces per Chapter 13. Outside air ducts serving individual supply air units with less than 2,800 cfm of total supply air capacity shall be insulated to a minimum of R-7 and are not considered building envelope. 
Other outside air duct runs are considered building envelope until they:
· connect to the heating or cooling equipment, or
· are isolated from the exterior with an automatic shut-off damper complying with Section 1412.4.1.
Once outside air ducts meet the above listed requirements, any runs within conditioned space shall comply with Table 14-5 requirements.
Other ducts and plenums shall be thermally insulated per Table 14-5.

	NREC 1414.2 Exceptions
	· Within the HVAC equipment.
· Exhaust air ducts not subject to condensation.
· Exposed ductwork within a zone that serves that zone.




	

	


TABLE 14-5
Duct Insulation

	Duct Type
	Duct Location
	Insulation R‑Value
	Other Requirements

	Supply, Return
	Not within conditioned space: On exterior of building, on roof, in attic, in enclosed ceiling space, in walls, in garage, in crawl spaces
	R-7
	Approved weather proof barrier

	Outside air intake
	Within conditioned space
	R-7
	See Section 1414.2

	Supply, Return, Outside air intake
	Not within conditioned space: in concrete, in ground
	R-5.3
	

	Supply with supply air temperature <55F or >105F
	Within conditioned space
	R-3.3
	



Insulation requirements apply to the duct type listed in NREC Table 14-5, whether heated or mechanically cooled. Mechanically cooled ducts requiring insulation shall have a vapor retarder, with a perm rating not greater than 0.5 and all joints sealed.

Note that insulation types are based on minimum densities and out of package thickness. Nominal R-values are for the insulation as installed and do not include air film resistance. The following are descriptions of various insulation product options based on installed R-value ratings. 

· R-3.3 - 1.0 inch 1.5 to 3.0 lb/ft3 duct liner, mineral or glass fiber blanket or equivalent to provide an installed total thermal resistance of at least R‑3.3.
· R-5.3 - 2.0 inch 0.75 lb/ft3 mineral or glass fiber blanket, 1.5 inch 1.5 to 3.0 lb/cu.ft. duct liner, mineral or glass fiber blanket, 1.5 inch 3.0 to 7.0 lb/ ft3mineral or glass fiber board or equivalent to provide an installed total thermal resistance of at least R‑5.3.
· R-7 - 3.0 inch 0.75 lb/ ft3 mineral or glass fiber blanket, 2.0 inch 1.5 to 3.0 lb/ ft3 duct liner, mineral or glass fiber blanket, 2.0 inch 3.0 to 7.0 lb/cu.ft. mineral or glass fiber board or equivalent to provide an installed total thermal resistance of at least R‑7.

To use NREC Table 14-5, first determine whether the duct work is located within the conditioned space or not within the conditioned space. If the duct work is not within the conditioned space, the insulation requirement is dependent on whether it is in the ground or in concrete, or whether it is exposed to outdoor air. Use the definition for “conditioned space” and the location of the envelope insulation to make this determination.
	Example Problem

	Duct work located above “lay-in” ceiling tile would be “within the conditioned space” if the roof insulation were located on the roof. It would be “not within the conditioned space” if batt insulation were located directly on the ceiling tile, below the duct work.


[bookmark: _Toc298158254]Piping Systems – NREC 1415 
[bookmark: _Toc298158255]Piping Insulation – NREC 1415.1

	NREC 1415.1 Requirements
	Piping shall be thermally insulated in accordance with NREC Table 14-6.
Cold water pipes outside the conditioned space shall be insulated in accordance with the Washington State Plumbing Code (WAC 51-56).

	NREC 1415.1 Exception
	Piping installed within unitary HVAC equipment are exempt from the insulation requirements in NREC Table 14-6.




TABLE 14-6
MINIMUM PIPE INSULATION (INCHES)

	Fluid Design 
	Insulation Conductivity
	Nominal Pipe or Tube Size (in.)

	Operating Temp. Range, ºF
	Conductivity Range 
Btu  in./(h  ft2  °F)
	Mean Rating Temp. ºF 
	<1 
	1 to <1-1/2
	1-1/2 to <4
	4 to <8
	> 8

	Heating Systems (Steam, Steam Condensate and Hot water)2

	≥350
251-350
201-250
141-200
105-140
	0.32-0.34
0.29-0.32
0.27-0.30
0.25-0.29
0.22-0.28
	250
200
150
125
100
	3.0
2.0
2.0
1.5
1.0
	3.5
3.0
2.0
1.5
1.0
	3.5
3.5
2.5
1.5
1.5
	4.5
3.5
2.5
2.0
1.5
	4.5
3.5
2.5
2.0
1.5

	Domestic and Service Hot Water Systems

	≥105 
	0.22-0.28
	100
	1.0
	1.0
	1.5
	1.5
	1.5

	Cooling Systems (Chilled Water, Brine and Refrigerant) 

	40-60 
≤40
	0.22-0.28
0.22-0.28
	100
100
	1.0
1.0
	1.0
1.5
	1.5
1.5
	1.5
1.5
	1.5
2.0



The requirements in NREC Table 14-6 are stated as insulation thickness, rather than R-value. The second column of the table indicates the conductivity range for which the specified thickness is valid. Per the temperature criteria listed, piping carrying heating mediums less than 105°F and cooling mediums greater than 60°F do not have an insulation requirement. Note that piping insulation is not required between the control valve and coil on run-outs when the control valve is located within 4 feet of the coil and the pipe size is 1 inch or less.
The following table lists typical conductivities (k) for insulation products. Specific products may test higher or lower than these examples. Refer to manufacturers’ cut sheets for product testing (ASTM C518 or C177) standards.

	Product Class
	Conductivity (k)

	Cellular glass
	0.310.33 (5070F)

	Fiberglass
	0.250.55 (75500F)

	Closed cell foam tubing
	0.27 (@ 75F)

	Polyisocyanurate
	0.19 (@ 75F)

	Hydrous calcium silicate
	0.320.43 (100900F)

	Pre-molded basaltic rock
	0.200.65 (0700F)



Table #14-2 Conductivities for Pipe Insulation Products

If the conductivity of a pipe insulation product does not fall within the stated conductivity range specified in NREC Table 14-6, then the minimum required thickness shall be determined using the following equation.
T = r[(1 + t/r) K/k- 1]
Where:

T 	= 	Minimum insulation thickness for material with conductivity K, inches.
r 	= 	Actual outside radius of pipe, inches
t 	= 	Nominal insulation thickness from NREC Table 14-6 for applicable fluid
temperature and pipe size, inches
K 	= 	Conductivity of alternate material at the mean rating temperature indicated
in NREC Table 14-6 for the applicable fluid temperature range,
(Btuin)/(hft2°F)
k 	= 	Upper value of the conductivity range listed in NREC Table 14-6 for the
applicable fluid temperature range, (Btuin)/( hft2°F)
Equation#14-2 – Pipe Insulation Thickness Equation

	Example Problem

	Insulation with a conductivity of 0.19 (Btuin)/(hft2°F) is proposed for a 1.5 inch pipe that is to carry 150°F heating hot water.

	Results

	The correct insulation thickness would be calculated as shown:
Thickness = 0.75 x [(1 + 1.5 / 0.75)0.19/0.25 - 1] = 0.98 inches
Because the insulation has a lower conductivity than that required in the table, the insulation thickness can be reduced to 1.0 inch (from the 1.5 inches required in the table).



	Example Problem

	The plans show condenser water pipes for a water-source heat pump system and include the pipe loop to the boiler, cooling tower, and heat pumps.

	Results

	From the control specifications, the maximum condenser fluid temperature is 100°F (heavy cooling demand) and the minimum temperature is 65F (heavy heating demand). Since the design temperature is less than 105°F and more than 60°F, the pipes do not have to be insulated.



[bookmark: _Toc298158256]Commissioning and Completion Requirements – NREC 1416
[bookmark: _Toc298158257]General - NREC 1416.1
Commissioning requirements may be defined in the project documentation in the form of drawing notes and/or specifications.
[bookmark: _Toc298158258]Commissioning Scope – NREC 1416.2

	NREC 1416.2 Requirements
	Commissioning in compliance with this section and NREC Section 1513.8 shall be required for new systems or modified portions of systems, with a heating capacity of 600K Btu/h or a cooling capacity of 40 tons or more.
Buildings which require commissioning shall go through a commissioning process that includes as a minimum:
· Commissioning plan
· Systems testing and balancing
· HVAC equipment and HVAC controls functional testing
· Supporting documentation in the form of operation and maintenance and record documents
· Commissioning report



[bookmark: _Toc298158259]Commissioning Requirements – NREC 1416.3

[bookmark: _Toc298158260]Commissioning Plan – NREC 1416.3.1

	NREC 1416.3.1 Requirements
	Commissioning plan shall include:
· A general description of the commissioning process activities including the systems to be commissioned.
· The scope of the commissioning process including systems testing and balancing, functional testing, and supporting documentation.
· Roles and responsibilities of the commissioning team;
· A schedule of activities including systems testing and balancing, functional testing, and supporting documentation.
· Functional test procedures and forms.



[bookmark: _Toc298158261]Systems Testing and Balancing – NREC 1416.3.2

	NREC 1416.3.2 Requirements
	All HVAC air and hydronic systems shall be balanced in accordance with generally accepted engineering standards.
Air Systems BalancingNREC 1416.3.2.2
Throttling losses shall be minimized by balancing the systems or adjusting the speed of fans with motors greater than 1 hp.

Hydronic Systems BalancingNREC 1416.3.2.3
Throttling losses shall be minimized by balancing the systems, or trimming the pump impeller or adjusting the pump speed.
All hydronic heating or cooling coils with design flow exceeding 20 gpm (76 L/m) shall be equipped with dedicated pressure testing ports to enable testing of pressure drop through the coil. All hydronic heating or cooling systems served by pump(s) exceeding 5 hp (3.7 kW) shall be equipped with accessible pressure testing ports to enable testing supply and return pressure near the end of each major hydronic run.

	NREC 1416.3.2 Exceptions
	The following are exceptions to the Hydronic Systems Balancing requirements:
· Pumps with pump motors of 10 hp or less.
· Throttling is an acceptable method of balancing only if the power draw does not exceed that of equivalent system with the impeller trimmed by more than 5 percent.



[bookmark: _Toc298158262]Systems, Equipment, and Controls Functional Testing – NREC 1416.3.3

	NREC 1416.3.3 Requirements
	All HVAC systems, equipment, and controls as well as and lighting controls as specified in NREC Section 1513.7 shall be tested to ensure that control devices, components, equipment and systems are calibrated, adjusted and operate in accordance with sequences of operation prescribed in the construction documents. Written procedures which clearly describe the individual systematic test procedures, the expected systems' response or acceptance criteria for each procedure, the actual response or findings, and any pertinent discussion. Optional examples of test methods and forms are provided in Reference Standard 34 – Optional Acceptance Requirements for Non-residential Buildings, SBCC 2009.



[bookmark: _Toc298158263]Supporting Documentation – NREC 1416.3.4

	NREC 1416.3.4 Requirements
	Supporting documentation shall include the following items.
Systems DocumentationNREC 1416.3.4.1
Systems documentation shall be in accordance with industry accepted standards and shall include as a minimum:
· Submittal data stating equipment size and selected options for each piece of equipment.
· Operation and maintenance manuals for each piece of equipment requiring maintenance, except equipment not furnished as part of the project. Required routine maintenance actions shall be clearly identified.
· Names and addresses of at least one HVAC service agency.
· HVAC controls system maintenance and calibration information, including wiring diagrams, schematics, as-built drawings and control sequence descriptions. Desired or field determined set points shall be permanently recorded on control drawings at control devices, or, for digital control systems, in programming comments.
· Complete written narrative of how each system and piece of equipment is intended to operate including interface with existing equipment or systems (where applicable). Sequence of operation is not acceptable as a narrative for this requirement.

Record DocumentsNREC 1416.3.4.2
Construction documents shall be updated to convey a record of the alterations to the original design. Such updates shall include updated mechanical, electrical and control drawings red-lined, or redrawn if specified, that show all changes to size, type and location of components, equipment and assemblies.
Systems Operation TrainingNREC 1416.3.4.2
Training of the maintenance staff for each equipment type and or system shall include as a minimum:
· Review of systems documentation.
· Hands-on demonstration of all normal maintenance procedures, normal operating modes, and all emergency shutdown and start-up procedures.
· Training completion report.



[bookmark: _Toc298158264]Commissioning Report – NREC 1416.3.5

	NREC 1416.3.5 Requirements
	The commissioning report shall be completed and provided to the owner. The commissioning report shall include:
· Completed Functional Test forms including measurable criteria for test acceptance.
· Issues log of corrected and uncorrected deficiencies with the anticipated date of correction.
· Deferred tests, which cannot be performed at the time of report preparation, with anticipated date of completion.
· Record of progress and completion of operator training.
· Completed Commissioning Compliance form.



[bookmark: _Toc298158265]Commissioning Compliance Form – NREC 1416.4

A commissioning compliance checklist is provided as a helpful summary of the commissioning requirements. It is included in the project commissioning documentation submitted to the building official to communicate which commissioning requirements have been met and certified.
	NREC 1416.4 Requirements
	A commissioning compliance checklist shall be submitted to the building official upon substantial completion of the building. The checklist shall be completed and signed by the building owner or owner's representative. The building official may require that the Commissioning Compliance form components be submitted to verify compliance with NREC 1416 and NREC 1513.8 requirements. Completion of the Commissioning Compliance Checklist (NREC Figure 14B) is deemed to satisfy this requirement.





Figure 14B 
Commissioning Compliance Checklist
[image: ]
Table #14-3 – Commissioning Compliance Checklist
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[bookmark: _Toc298158266]Simple Systems – NREC 1420
Simple Systems are a very narrow category of system types defined in the NREC that allow for simplified performance requirements and thus a less complicated code compliance process. The qualification thresholds are based on system type and sizing limitations. All systems that do not qualify as a simple system shall comply with the complex system requirements defined in NREC 1430 through 1439. 
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	NREC 1416.4 Requirements
	To qualify as a simple system, systems shall have no active humidification or simultaneous heating and cooling and shall be one of the following:
· Air cooled, constant volume packaged equipment, which provide heating, cooling or both, and require only external connection to duct work and energy services 
· with cooling capacity of 135,000 Btu/h or less.
· Air cooled, constant volume split systems, which provide heating, cooling or both, with cooling capacity of 84,000 Btu/h or less.
· Heating only systems which have a capacity of less than 1,000 cfm or which have a minimum outside air supply of less than 30% of the total air circulation.
The combined airflow rate of all simple systems serving single rooms must be less than 10,000 cfm or they do not qualify as simple systems.



[bookmark: _Toc298158268]System Sizing Limit – NREC 1422 
	NREC 1422 Requirements
	Heating capacity limit - Installed space heating equipment output shall not exceed 10 Btu/h per square foot of gross conditioned floor area.
Cooling capacity limit - Installed space cooling equipment shall not exceed 15 Btu/h per square foot of gross conditioned floor area. 
No additional safety factor is allowed.

	NREC 1422 Exceptions
	· For equipment which provides both heating and cooling in one package unit, compliance need only be demonstrated for either the space heating or space cooling system size.
· Equipment sized in accordance with NREC 1431.2.



[bookmark: _Toc298158269]Controls – NREC 1423
	NREC 1423 Requirements
	In addition to the control requirements in NREC 1412, where separate heating and cooling equipment serve the same temperature zone, thermostats shall be interlocked to prevent simultaneous heating and cooling. Systems which provide heating and cooling simultaneously to a zone are prohibited.



A single thermostat with a deadband satisfies this requirement. If two thermostats are used, they must be interlocked so that they cannot both operate at the same time.
[bookmark: _Toc298158270]Economizers – NREC 1424
All systems, including those qualifying as simple systems, shall have full economizer capability. In some system applications it may be physically or economically impractical to provide full economizer capability. Therefore, exceptions to the economizer requirements are defined under NREC 1433. Those particularly applicable to simple systems include: 
· Exception 1 for small qualifying equipment
· Exception 3 for small cooling equipment serving Group R occupancies
· Exception 9 for cooling equipment that serves dedicated server rooms, electronic equipment rooms or telecom switch rooms 

These exceptions are intended to provide economic relief for smaller systems, but they also define total building capacity limits intended to discourage the installation of multiple smaller systems. They also require equipment with higher efficiency ratings that required in the NREC Minimum Efficiency Requirement Tables.
	NREC 1424 Requirements
	Air economizers meeting the requirements of Section 1413 shall be provided on all new systems, including those serving computer server rooms, electronic equipment, radio equipment, and telephone switchgear.


	NREC 1424 Exceptions
	Equipment complying with one of the exceptions to NREC 1433.



[bookmark: _Toc298158271]Separate Air Distribution Systems – NREC 1425
	NREC 1425 Requirements
	Zones with special process temperature requirements and/or humidity requirements shall be served by separate air distribution systems from those serving zones requiring only comfort conditions.
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Systems that do not qualify as one of the three simple systems must comply with the complex system requirements in Sections 1430 through 1439. 
Systems that do qualify as one of the three simple systems may optionally comply with the complex system requirements in Sections 1430 through 1439. This may be preferred in order to use one of the exceptions allowed for complex systems. 
In addition to the general requirements already described, complex systems must meet additional requirements in the following areas:
Controls (setback and shut-off, and system temperature reset controls)
System sizing limits
Economizers
Separate air distribution systems
Simultaneous heating and cooling
Heat recovery
Electric motor efficiency
Variable flow systems

[bookmark: _Toc298158274]Field-Assembled Equipment and Components – NREC 1431.1

	NREC 1431.1 Requirements
	Field-assembled equipment and components from more than one manufacturer shall show compliance with this section and NREC 1411 through calculations of total on-site energy input and output. The combined component efficiencies as measured per NREC 1411.2, shall be in compliance with the requirements of NREC 1411.1.
Total on-site energy input to the equipment shall be determined by combining the energy inputs to all components, elements and accessories such as compressors, internal circulating pumps, purge devices, viscosity control heaters and controls.



	Example Problem

	The plans show a split system air-conditioner with 70,000 Btu/hr cooling capacity. The outdoor condenser and indoor air handler are made by different manufacturers. 

	Compliance Strategy

	To show compliance, obtain output capacity and power input data from both manufacturers for both 95F and 82F. Calculate an equivalent Energy Efficiency Rating (EER) and Integrated Energy Efficiency Rating (IEER) according to ARI Standard 340/360. The EER at 95F should be at least 11.2 and the IEER at 82F should be at least 11.4, according to NREC Table 14-1A.



[bookmark: _Toc298158275]System Sizing Limits – NREC 1431.2

	NREC 1431.2 Requirements
	Heating and cooling design loads for the purpose of sizing systems shall be determined in accordance with one of the procedures described in Chapter 29 of Standard RS-1, 2005 ASHRAE Fundamentals Handbook and listed in Chapter 7 or an equivalent computation procedure. For interior temperatures, 70°F shall be used for heating and 75°F for cooling, except where different values are specified in the Washington Administrative Code (WAC).
Building mechanical systems for all buildings which provide space heating and/or space cooling shall be sized no greater than 150 percent of the design load as calculated above, except that cooling towers shall comply with the sizing requirements in NREC 1411.1. No additional safety factor is allowed.
For buildings with a total equipment cooling capacity of 300 tons and above, the equipment shall comply with one of the following:
· No one unit shall have a cooling capacity of more than 2/3 of the total installed cooling equipment capacity.
· The equipment shall have a variable speed drive.
· The equipment shall have multiple compressors.


	NREC 1431.2 Exceptions
	The following limited exemptions from the sizing limit shall be allowed, however, in all cases heating and/or cooling design load calculations shall be submitted.
· For a single piece of equipment which has both heating and cooling capability, only one function, either the heating or the cooling, need meet the requirements of this section. Capacity for the other function shall be, within available equipment options, the smallest size necessary to meet the load.
· Stand-by equipment may be installed if controls and devices are provided which allow redundant equipment to operate automatically only when the primary equipment is not operating.
· Multiple units of the same equipment type, such as multiple chillers and boilers, with combined capacities exceeding the design load, or a single unit that is capable of modulating to a part-load capacity of 50 percent of the load or less, may be specified to operate concurrently only if controls are provided that sequence or otherwise optimally control the operation of each unit based on load.
· Installed space heating equipment output that does not exceed 10 Btu/h per square foot of gross conditioned floor area and installed space cooling equipment output that does not exceed 15 Btu/h per square foot of gross conditioned floor area. No additional safety factor is allowed. (Same parameters as a Simple System).



[bookmark: _Toc298158276]Controls – NREC 1432 
[bookmark: _Toc298158277]Setback and Shut-off – NREC 1432.1
In large commercial buildings, different spaces sometimes have significantly different occupancy schedules. For example, retail and office spaces are often found in the same facility. The office space may be occupied from 7:00 a.m. to 5:00 p.m., while the retail space may be operational from 9:00 a.m. to 10:00 p.m. If both the retail and the office spaces were served by the same system, the retail space would be unnecessarily conditioned from 7:00 a.m. to 9:00 a.m., and the office space would be unnecessarily conditioned from 5:00 p.m. to 10:00 p.m.
	NREC 1432.1 Requirements
	Systems that serve zones with different uses, as defined in NREC Table 15-1,
· Shall be served by separate systems, or
· Shall include isolation devices and controls to shut-off or set back the supply of heating and cooling to each zone independently.

	NREC 1432.1 Exceptions
	Isolation or separate systems are not required for zones expected to operate continuously or expected to be inoperative only when all other zones are inoperative.



[bookmark: _Toc298158278]Systems Temperature Reset Controls – NREC 1432.2

[bookmark: _Toc298158279]Air Systems for Multiple Zones – NREC 1432.2.1

In smaller buildings, individual HVAC systems are provided for each temperature control zone. In large commercial buildings, the designer may use a central fan system which serves multiple zones. However, because of the need to simultaneously provide heating to some zones and cooling to others, multiple zone systems almost always require the use of reheating, recooling, or mixing of hot and cold air. Even variable air volume systems require reheating of previously cooled supply air.
	NREC 1432.2.1 Requirements
	Systems supplying heated or cooled air to multiple zones shall include controls which automatically reset supply air temperatures by representative building loads. Temperature shall be reset by at least 25% of the design supply-air-to-room-air temperature difference. Interior zones without an 
exterior wall load impact and high occupancy areas (per NREC 1412.8) shall have maximum airflow sized to meet typical cooling loads with the higher reset air temperature.

	NREC 1432.2.1 Exceptions
	· Where specified humidity levels are required to satisfy process needs, such as computer rooms or museums.
· Systems that prevent reheating, recooling or mixing of heated and cooled air supply.
· 75 percent of the energy for reheating is from site-recovered or site solar energy sources.
· Zones with peak supply air quantities of 300 cfm or less.
· Dedicated outdoor air systems less than 5000 cfm with separate thermal controls.



Reheat energy can be reduced significantly by providing cooling supply air at a temperature no cooler than is necessary for the zone with the greatest cooling load. Use the following equation to calculate the minimum cooling reset temperature capability required.
Treset = Tsupply-design + [0.25 x (Troom-cooling - Tsupply-design)]
In addition, the heating supply temperature should be reset down to the maximum temperature needed by the zone with the greatest heating load. Use the following equation to calculate the minimum heating reset temperature capability required.
Treset = Tsupply-design - [0.25 x (Tsupply-design - Troom)]
Resetting the temperature on some systems may also have other benefits, such as increasing the hours of economizer use and delivering more outside air to the space.
	Example Problem

	The plans show a variable air volume (VAV) system. It supplies mechanically cooled air to multiple zones. The design temperature of the supply air is 55°F, and the design room temperature for cooling is 75°F.

	Compliance Requirement

	The minimum reset temperature is:
         Treset = 55 + [0.25 (75 - 55)] = 60
The supply air temperature must reset upwards to a minimum of 60°F. 



There are two strategies for resetting supply air temperature:
1. Reset based on representative building loads
2. Reset based on outside air temperature

Representative building loads are based on load indicators such as return air temperature, fan static pressure control signal, or VAV box damper positions. As the building cooling loads increase, the temperature of the cooling supply air must drop to meet demand. Other acceptable representative building loads are:
Warmest zonerepresents the zone with the greatest cooling load. The supply air set point is adjusted so that the system meets the load for this zone.
Reference zonesrepresent a limited number of zones which presumably designate the warmest areas in the building. These zones may be selected from south, west, and interior areas where the cooling demands may be greatest. The downside to this strategy is the potential for leaving out a zone with greater cooling requirements, especially in a building with many zones.
Outside air temperature is best for resetting the heating supply air temperature, since heating demand is highly dependent on outside air temperature. As outside air temperature drops, the temperature of the heating supply air must rise to meet demand.
[bookmark: _Toc298158280]Hydronic Systems – NREC 1432.2.2

Hydronic heating systems consist of a circulating pump(s), heat source (boiler or heat exchanger), and a network of heat emitters (radiators, fin tubes, coils) and piping. The primary function is to provide heat to spaces at a controlled temperature. To increase the efficiency of the heat source and reduce the heat loss from the hot water distribution system, controls should reset the temperature of the supply heating water downward as the demand for heating in the building decreases. 
	NREC 1432.2.2 Requirements
	Systems with a design capacity of 300,000 Btu/h or greater supplying heated or mechanically refrigerated water shall include controls which automatically reset supply water temperatures by representative building loads or by outside air temperature. Temperature shall be reset by at least 25% of the design supply-to-return water temperature differences.
To limit the heat loss from the heat rejection device (cooling tower), for hydronic heat pumps connected to a common heat pump water loop with central devices for heat rejection (e.g., cooling tower):
· If a closed-circuit tower (fluid cooler) is used, either an automatic valve shall be installed to bypass all but a minimal flow of water around the tower (for freeze protection), or low leakage positive closure dampers shall be provided.
· If an open-circuit tower is used directly in the heat pump loop, an automatic valve shall be installed to bypass all heat pump water flow around the tower.
· If an open-circuit tower is used in conjunction with a separate heat exchanger to isolate the tower from the heat pump loop, then heat loss shall be controlled by shutting down the circulation pump on the cooling tower loop.
For hydronic heat pumps connected to a common heat pump water loop with central devices for heat rejection (e.g., cooling tower) and having a total pump system power exceeding 10 hp, each hydronic heat pump shall have:
· A two-position two-way (but not three-way) valve, or
· A variable head pressure two-way (water regulating) control valve or pump.
For the purposes of this section, pump system power is the sum of the nominal power demand (i.e., nameplate horsepower at nominal motor efficiency) of motors of all pumps that are required to operate at design conditions to supply fluid from the heating or cooling source to all heat transfer devices (e.g., coils, heat exchanger) and return it to the source. This converts the system into a variable flow system and, as such, the primary circulation pumps shall comply with the variable flow requirements in NREC 1438.

	NREC 1432.2.2 Exceptions
	The following equipment and systems are not required to meet the temperature reset requirements:
· Steam boilers.
· Systems that provide heating with 100ºF or lower supply temperature (e.g., water source heat pump loops).



The building heat load can be estimated by the outside air temperature. It can also be determined by the difference between the heating hot water supply temperature and return temperature. The greater the load, the greater the temperature difference between the supply water and the return water.
Either one of these two strategies may be used to reset the heating supply water temperature.
[bookmark: _Toc298158281]Hydronic System Valves and Piping – NREC 1432.3

[bookmark: _Toc298158282]Hydronic Flow Criteria – NREC 1432.3.1

	NREC 1432.3.1 Requirements
	HVAC chilled water, condenser water, and hot water pumping shall be designed for variable fluid flow and shall be capable of reducing pump flow rates to no more than the larger of 50 percent or less of the design flow rate, or the minimum flow required by the equipment manufacturer for proper operation of equipment served by the system.

Variable Flow Controls – NREC 1432.3.1.1
Individual pumps requiring variable speed control per Section 1438 shall be controlled in one of the following manners:
· For systems having a combined pump motor horsepower less than or equal to 20 hp (15 kW) and without direct digital control of individual coils, pump speed shall be a function of either:
· Required differential pressure; or
· Reset directly based on zone hydronic demand, or other zone load indicators; or
· Reset directly based on pump power and pump differential pressure.
· For systems having a combined pump motor horsepower that exceeds 20 hp (15 kW) or smaller systems with direct digital control, pump speed shall be a function of either:
· The static pressure set point as reset based on the valve requiring the most pressure; or
Directly controlled based on zone hydronic demand.

	NREC 1432.3.1 Exceptions
	The following equipment and systems are not required to meet the hydronic variable flow criteria requirements:
· Heating, chilled, and heat pump water systems that include three or fewer control valves and have a total pump system power less than or equal to 3 hp (2.2 kW).
· Systems having a total pump system power less than or equal to 1-1/2 hp (1.1 kW).
· Condenser water systems for chillers.



[bookmark: _Toc298158283]Heat Rejection Device Isolation – NREC 1432.3.2

	NREC 1432.3.2 Requirements
	To limit the heat loss from the heat rejection device (cooling tower), for hydronic heat pumps connected to a common heat pump water loop with central devices for heat rejection (e.g., cooling tower):
· If a closed-circuit tower (fluid cooler) is used, either an automatic valve shall be installed to bypass all but a minimal flow of water around the tower (for freeze protection), or low leakage positive closure dampers shall be provided.
· If an open-circuit tower is used directly in the heat pump loop, an automatic valve shall be installed to bypass all heat pump water flow around the tower.
· If an open-circuit tower is used in conjunction with a separate heat exchanger to isolate the tower from the heat pump loop, then heat loss shall be controlled by shutting down the circulation pump on the cooling tower loop.



[bookmark: _Toc298158284]Hydronic Heat Pump Isolation – NREC 1432.3.3

	NREC 1432.3.3 Requirements
	For hydronic heat pumps connected to a common heat pump water loop with central devices for heat rejection (e.g., cooling tower) and having a total pump system power exceeding 10 hp, each hydronic heat pump shall have:
· A two-position two-way (but not three-way) valve; or
· A variable head pressure two-way (water regulating) control valve or pump.
For the purposes of this section, pump system power is the sum of the nominal power demand (i.e., nameplate horsepower at nominal motor efficiency) of motors of all pumps that are required to operate at design conditions to supply fluid from the heating or cooling source to all heat transfer devices (e.g., coils, heat exchanger) and return it to the source. This converts the system into a variable flow system and, as such, the primary circulation pumps shall comply with the variable flow requirements in NREC 1438.



[bookmark: _Toc298158285]Chiller Isolation – NREC 1432.3.4

	NREC 1432.3.4 Requirements
	When a chilled water plant includes more than one chiller, provisions shall be made so that flow through any chiller is automatically shut off when that chiller is shut off while still maintaining flow through other operating chiller(s). Chillers that are piped in series for the purpose of increased temperature differential shall be considered as one chiller.


	NREC 1432.3.4 Exceptions
	Chillers that are piped in series for the purpose of increased temperature differential.



[bookmark: _Toc298158286]Boiler Isolation – NREC 1432.3.5

	NREC 1432.3.4 Requirements
	When a hot water plant includes more than one boiler, provisions shall be made so that flow through any boiler is automatically shut off when that boiler is shut off while still maintaining flow through other operating boiler(s).



[bookmark: _Toc298158287]Direct Digital Control System Capabilities – NREC 1432.4

Direct digital control systems provide the means of automatically controlling HVAC equipment based on space conditions, outdoor temperatures, occupancy schedules and other sources of information to optimize performance. DDC control systems shall have the necessary logic to support the requirements of Chapter 12.
	NREC 1432.4 Requirements
	All complex systems equipped with direct digital control (DDC) systems and all buildings with total cooling capacity exceeding 780,000 Btu/hr (228 kW) shall have the following capability:
· Trending: All control system input and output points shall be accessible and programmed for trending, and a graphic trending package shall be provided with the control system.
· Demand Response Setpoint Adjustment: Control logic shall increase the cooling zone set points by at least 2°F (1°C) and reduce the heating zone set points by at least 2°F (1°C) when activated by a demand response signal. The demand response signal shall be a binary input to the control system or other interface approved by the serving electric utility.


The trending requirements of this section allow for after-the-fact troubleshooting for mechanical systems. Building owners and operators can verify the performance of the mechanical systems over the course of days, weeks or months. This is significantly more useful information than simply a live “snapshot” of system performance, which is the result of DDC information without trending. 
Demand Response Setpoint Adjustment is a “future proofing” measure that will allow for virtually instantaneous load shedding during periods of high utility demand. Benefits to the building owner and occupants could include preferred utility rates or avoidance of peak-demand charges. Though few utilities have implemented demand response control, there is increasing emphasis being placed on “smart-grid” solutions.
[bookmark: _Toc298158288]Variable Air Volume System Static Pressure Reset Controls – NREC 1432.5

The value of variable air volume systems is that they can be automatically adjusted to the lowest air volume necessary to maintain the desired space conditions based on the actual loads occurring in the space. 
	NREC 1432.5 Requirements
	The static pressure set point shall be reset to the lowest point possible while still providing the required air flow to the zones with the greatest demand.


	NREC 1432.5 Exceptions
	Systems where fan speed is reset directly based on zone airflows or other zone load indicators.


[bookmark: _Toc298158289]Economizers – NREC 1433	 
Economizers use outdoor air to provide cooling when outdoor conditions are conducive. Economizers are required on all new systems regardless of size or complexity. This includes systems serving computer server rooms, electronic equipment, radio equipment and telephone switchgear. These systems shall meet all requirements under NREC 1413. 

There are a variety of alternatives to economizers that have the potential to provide similar energy savings. Exceptions to the economizer requirements are allowed for alternative options as long as these systems are designed within the specific parameters defined in these exceptions. In addition, some small systems are allowed to not have full economizer capability as long as the efficiency rating of this equipment exceeds the Minimum Efficiency Requirement Tables by the percentage defined in these exceptions. Maximum thresholds for building system capacity without economizer apply.

	NOTE
	A fact sheet about economizers is available on the Northwest Energy Efficiency Council website – www.NEEC.net.



The following provides summary information for all the economizer exceptions available. Actual Code text follows this summary.
· Qualifying small equipment – Exception 1
Capacity of an individual unit can be no greater than 33,000 btu/h. Equipment must have SEER and EER values at least 15% better than the efficiency table values. In addition, the total capacity of all qualifying small systems in a building cannot exceed either 72,000 btu/h or 5% of the air economizer capacity of all mechanical systems serving the building, whichever is greater. This exception does not apply to unitary cooling equipment installed outdoors or located in any room that has an exterior building envelope element, be it wall, floor, or ceiling. This exception shall not be used for the shell-and-core permit or for the initial tenant improvement. It only applies to existing buildings with previous tenant improvement build-outs.

· Chilled water terminal units – Exception 2
Applies to chilled water terminal units connected to systems with chilled water generation equipment with IPLV values that are at least 25% better than minimum part load efficiencies listed in NREC Table 14-1C. The total capacity of all systems in the building that do not comply with air economizer requirements cannot exceed 480,000 btuh/h or 20% of the air economizer capacity of all mechanical systems serving the building, whichever is greater. Additional limitations apply. This exception shall not be used for the shell-and-core permit or for the initial tenant improvement. It only applies to existing buildings with previous tenant improvement build-outs.

· Chilled beams and chilled ceiling systems – Exception 3
Applies to water-cooled refrigeration equipment serving chilled beams and chilled ceiling space cooling systems only which are provided with a water economizer meeting the requirements of NREC 1413. Maximum capacity of this system shall not exceed 500 tons. Terminal chilled water units other than chilled beams and chilled ceilings do not qualify under this exception.

· Onsite energy – Exception 4
Applies to a system where at least 75% of the annual energy it uses for mechanical cooling is being generated with site-recovered or site-solar energy sources. Recovered energy is defined as energy captured and utilized which would otherwise have been wasted. Solar energy sources are defined as natural daylighting and thermal, chemical or electrical energy derived directly from conversion of incident solar radiation. 

· Unusual outdoor air contaminate conditions – Exception 5
Systems where special outside air filtration and treatment, for the reduction and treatment of unusual outdoor contaminants, makes an air economizer infeasible.

· Dehumidification – Exception 6
Systems with dehumidification requirements where air economizer would increase overall building energy consumption.

· Water source heat pump systems – Exception 7
All required parameters must be met to be eligible. It shall consist of multiple water source heat pumps that are connected to a common loop. Heat pumps shall have a cooling EER and heating COP that are at least 15% better than the efficiency table values. Air systems shall have at least 60% air economizer and a minimum of 50% heat recovery effectiveness. If provided with a boiler or furnace that is less then 199,000 btu/h, this equipment shall be rated to at least 90% AFUE. 

· Group R occupancy small system – Exception 8
For equipment installed outdoors or in a room adjacent to the outdoors, cooling capacity of an individual unit can be no greater than 20,000 btu/h. For all other applicable equipment, cooling capacity of an individual unit can be no greater than 54,000 btu/h. For split systems, these limits are based on the cooling capacity of individual fan coils. Cooling units that have SEER and EER values at least 15% better than listed in NREC Tables 14-1A, 14-1B and 14-1D. Chillers with fan coil units or variable refrigerant flow (VRF) systems do not qualify for this exception as they are not covered in Tables 14-1A, 14-1B, and 14-1D.

· Cooling equipment serving dedicated server rooms, electronic equipment rooms or telecom switch rooms - Exception 9
· Parts A through E
Applies to equipment used to cool these types of spaces provided that they completely comply with option 9a, 9b, or 9c in the Exception 9 Table below. In addition to the water economizer requirements defined in NREC 1413.1 and 1413.2, this equipment shall be served by a dedicated condenser water system. A non-dedicated condenser water system may be approved if it can provide appropriate water temperatures during hours when waterside economizer cooling is available. Under this exception the total allowed capacity of cooling systems without economizers shall not exceed 240,000 btu/h or 10% of the air economizer capacity of all mechanical systems serving the building. Additional requirements apply. 
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Table #14-3 - NREC 1433 Exception 9 Table

· Parts F and G
This applies to equipment subject to the performance requirements of ASHRAE Standard 127-2007 Method of Testing for Rating Computer and Data Processing Room Unitary Air-Conditioners.  EER and IPLV values shall be equal to or better than the NREC efficiency table values. 
 
· Variable refrigerant flow (VRF) systems – Exception 10
System shall be capable of serving multiple zones in both heating and cooling mode simultaneously by transferring energy from one zone to the other. System shall serve at least 20% internal and 20% perimeter zones for load diversity. Outdoor unit shall be a reverse-cycle heat pump with variable speed compressor and condenser fan with at least 65,000 btu/h in total capacity. This exception is limited to buildings of 60,000 SF or less. It cannot be applied to portions of buildings. 

Recommended Waterside Economizer Design For Energy Code Compliance In Washington State, published by the Puget Sound Chapter of ASHRAE provides guidelines on designing water economizers that comply with NREC 1413.2 and NREC 1433 exceptions that allow waterside economizer.
	NREC 1433 Exceptions
	Exception 1 - Qualifying small equipment. This exception shall not be used for unitary cooling equipment installed outdoors or in a mechanical room adjacent to the outdoors. This exception is allowed to be used for other cooling units and split systems with a total cooling capacity rated in accordance with NREC 1411.2 of less than 33,000 Btu/h (hereafter referred to as qualifying small systems) provided that these are high-efficiency cooling equipment with SEER and EER values more than 15% higher than minimum efficiencies listed in NREC Tables 14-1A, 14-1B and 14‑1D, in the appropriate size category, using the same test procedures. Equipment shall be listed in the appropriate certification program to qualify for this exception. The total capacity of all qualifying small equipment without economizers shall not exceed 72,000 Btu/h per building, or 5% of its air economizer capacity, whichever is greater. That portion of the equipment serving Group R Occupancy is not included in determining the total capacity of all units without economizers in a building. Redundant units are not counted in the capacity limitations. This exception shall not be used for the shell-and-core permit or for the initial tenant improvement or for RS-29 analysis.
Exception 2 - Chilled water terminal units connected to systems with chilled water generation equipment with IPLV values more than 25% higher than minimum part load efficiencies listed in NREC Table 14-1C, in the appropriate size category, using the same test procedures. Equipment shall be listed in the appropriate certification program to qualify for this exception. The total capacity of all systems without economizers shall not exceed 480,000 Btu/h per building, or 20% of its air economizer capacity, whichever is greater. That portion of the equipment serving Group R Occupancy is not included in determining the total capacity of all units without economizers in a building. This exception shall not be used for the shell-and-core permit or for the initial tenant improvement or for RS-29 analysis.
Exception 3 - Water-cooled refrigeration equipment serving chilled beams and chilled ceiling space cooling systems only which are provided with a water economizer meeting the requirements of Section 1413. Water economizer capacity per building shall not exceed 500 tons. This exception shall not be used for RS‑29 analysis.
Exception 4 - Systems for which at least 75% of the annual energy used for mechanical cooling is provided from site-recovery or site-solar energy source.
Exception 5 - Systems where special outside air filtration and treatment, for the reduction and treatment of unusual outdoor contaminants, makes an air economizer infeasible.
Exception 6 - Systems with dehumidification that affect other systems so as to increase the overall building energy consumption. New humidification equipment shall comply with NREC 1413.4.
Exception 7 - Systems complying with all of the following criteria:
· Consist of multiple water source heat pumps connected to a common water loop.
· Have a minimum of 60% air economizer.
· Have water source heat pumps with an EER at least 15% higher for cooling and a COP at least 15% higher for heating than that specified in NREC 1411.
· Where provided, have a central boiler or furnace efficiency of 90% minimum for units up to 199,000 Btu/h.
· Provide heat recovery with a minimum 50% heat recovery effectiveness as defined in NREC 1436 to preheat the outside air supply.
Exception 8 - For Group R Occupancy, cooling units installed outdoors or in a mechanical room adjacent to outdoors with a total cooling capacity less than 20,000 Btu/h and other cooling units with a total cooling capacity less than 54,000 Btu/h provided that these are high-efficiency cooling equipment with SEER and EER values more than 15% higher than minimum efficiencies listed in NREC Tables 14-1A, 14-1B and 14-1D, in the appropriate size category, using the same test procedures. Equipment shall be listed in the appropriate certification program to qualify for this exception. For split systems, compliance is based on the cooling capacity of individual fan coil units.
Exception 9 - Equipment used to cool any dedicated server room, electronic equipment room or telecom switch room provided that they completely comply with option 9a, 9b, or 9c in the table below. The total capacity of all systems without economizers shall not exceed 240,000 Btu/h per building or 10% of its air economizer capacity, whichever is greater. This exception shall not be used for RS-29 analysis. Refer to Option Table in Exception 9 summary above.
Notes for Exception 9:
a.	For a system where all of the cooling equipment is subject to the AHRI standards listed in Tables 14-1A and 14-1B, the system shall comply with all of the following (note that if the system contains any cooling equipment that exceeds the capacity limits in Table 14-1A or 14-1B, or if the system contains any cooling equipment that is not included in Table 14-1A or 14-1B, then the system is not allowed to use this option).
b.	The cooling equipment shall have an EER value and an IPLV value that is a minimum of 15% greater than the value listed in Tables 14-1A and 14-1B (1.15 x values in Tables 14-1A and 14-1B).
c.	For units with a total cooling capacity over 85,000 Btu/h, the system shall utilize part-load capacity control schemes that are able to modulate to a part-load capacity of 50% of the load or less that results in the compressor operating at the same or higher EER at part loads than at full load (e.g., minimum of two-stages of compressor unloading such as cylinder unloading, two-stage scrolls, dual tandem scrolls, but hot gas bypass is not credited as a compressor unloading system).
d.	The cooling equipment shall have an EER value and an IPLV value that is a minimum of 5% greater than the value listed in Tables 14-1A and 14-1B (1.05 x values in Tables 14-1A and 14-1B).
e.	The system shall include a water economizer in lieu of air economizer. Water economizers shall be capable of providing the total concurrent cooling load served by the connected terminal equipment lacking airside economizer, at outside air temperatures of 50°F dry-bulb/45°F wet-bulb and below. For this calculation, all 
factors including solar and internal load shall be the same as those used for peak load calculations, except for the outside temperatures. The equipment shall be served by a dedicated condenser water system unless a nondedicated condenser water system exists that can provide appropriate water temperatures during hours when waterside economizer cooling is available.
f.	For a system where all cooling equipment is subject to ASHRAE Standard 127-2007.
g.	The cooling equipment subject to the ASHRAE Standard 127-2007 shall have an EER value and an IPLV value that is equal or greater than the value listed in NREC Tables 14-1A and 14-1B when determined in accordance with the rating conditions ASHRAE Standard 127-2007 (i.e., not the rating conditions in AHRI Standard 210/240 or 340/360). This information shall be provided by an independent third party.
Exception 10 - Variable refrigerant flow (VRF) systems, multiple-zone split-system heat pumps, consisting of multiple, individually metered indoor units with multi-speed fan motors, served on a single common refrigeration circuit with an exterior reverse-cycle heat pump with variable speed compressor(s) and variable speed condenser fan(s). These systems shall also be capable of providing simultaneous heating and cooling operation, where recovered energy from the indoor units operating in one mode can be transferred to one or more indoor units operating in the other mode, and shall serve at least 20%internal (no perimeter wall within 12') and 20% perimeter zones (as determined by conditioned floor area) and the outdoor unit shall be at least 65,000 Btu/h in total capacity. Systems utilizing this exception shall have 50% heat recovery effectiveness on the outside air. For the purposes of this exception, dedicated server rooms, electronic equipment rooms or telecom switch rooms are not considered perimeter zones. This exception shall be limited to buildings of 60,000 square feet and less.



[bookmark: _Toc298158290]Separate Air Distribution Systems – NREC 1434
Process energy is the energy consumed in support of a manufacturing, industrial, or commercial process other than the maintenance of building comfort or amenities for building occupants. Common examples of “process temperature requirements” in a modern office building are raised-floor computer rooms and telephone equipment rooms. In these rooms, special temperatures must be maintained for the equipment, rather than in consideration of the occupants.
	NREC 1434 Requirements
	Zones with special process temperature requirements and/or humidity requirements shall be served by separate air distribution systems from those serving zones requiring only comfort conditions; or shall include supplementary control provisions so that the primary systems may be specifically controlled for comfort purposes only.


	NREC 1434 Exceptions
	Zones requiring only comfort heating or comfort cooling that are served by a system primarily used for process temperature and humidity control provided that:
· The total supply air to those comfort zones is no more that 25% of the total system supply air, or
· The total conditioned floor area of the zones is less than 1,000 square feet.



[bookmark: _Toc298158291]Simultaneous Heating and Cooling – NREC 1435
Simultaneous heating and cooling refers to heating of supply air that had been previously cooled by mechanical refrigeration, economizer system or groundwater, or cooling of supply air that had been previously heated by a mechanical heating system. Zone thermostatic controls are required to provide the supply of heating and cooling energy in sequence. Simultaneous heating and cooling by reheating, recooling, or mixing of previously cooled air with previously heated air is specifically prohibited.
Reheating is the heating of air that has been previously cooled. A heating device, usually a hot water coil or electric resistance coil, is placed in the zone supply duct and is controlled by a zone thermostat. Reheating has historically been a significant contributor to energy consumption in PNW commercial buildings, often exceeding all other building system energy useson a percentage basis.
Recooling is the cooling of air that has been previously heated by space conditioning equipment or systems serving the same building. A chilled water or refrigerant coil is usually placed in the zone supply duct and is controlled via a zone thermostat. Recooling is uncommon.
Air mixing consists of dampers that regulate the flow of two separate air supplies, one heated and one cooled, to each zone. The amount of each supply delivered to the zone is usually regulated by a zone thermostat. Occasionally, a third supply consisting of unconditioned, or “neutral” air is also used.
	NOTE
	Note that while technically VAV systems do some reheating, they achieve zone control by varying the air flow to each space, rather than through reheat. Reheat energy is not introduced to the primary air stream until the flow has been reduced to a minimum.




	NREC 1435 Requirements
	[bookmark: _Hlt474311435]Systems which provide heating and cooling simultaneously to a zone are prohibited. Zone thermostatic and humidistatic controls shall be capable of operating in sequence the supply of heating and cooling energy to the zone. Such controls shall prevent: 
· Reheating for temperature control.
· Recooling for temperature control.
· Mixing or simultaneous supply of air that has been previously mechanically heated and air that has been previously cooled, either by economizer systems, ground water, or by mechanical refrigeration.
· Other simultaneous operation of heating and cooling systems to the same zone.
· Reheating for humidity control.


	NREC 1435 Exceptions
	· Variable air volume (VAV) systems which, during periods of occupancy, are designed and controlled:
· To reduce the primary air supply to each zone to a minimum air volume when the zone temperature is in a 5°F (3°C) zone temperature dead band after cooling is no longer required and before reheating, recooling or mixing takes placed. This minimum volume shall be no greater than the larger of following two options:
· 20% of the peak supply volume, or 
· The volume of outdoor air required to meet zone ventilation requirements, unless increasing the volume to critical zones (zones with the highest ratio of outside air to total supply air) beyond the minimum ventilation requirements results in a decrease in overall outside air required by the HVAC system. An increase beyond minimum ventilation rates shall not be applied to more than 20% of the zones with reheat on any one system excluding zones equipped with ventilation controls for high occupancy areas required by NREC 1317.2.2.
· So the volume of air that is reheated, recooled, or mixed in peak heating demand shall be less than 50% of the zone design peak supply rate.
· So the airflow between dead band and full heating or full cooling shall be modulated.
· So the control logic of each system shall have means preventing changes in setpoint(s) from inducting simultaneous heating and cooling (including economizer cooling) except for humidity control or zone controls operating within the minimum air volume parameters described above.
· Zones where special pressurization relationships, cross-contamination requirements, or code-required minimum circulation rates are such that variable air volume systems are impractical, such as some areas of hospitals and laboratories. Systems which use this exception and supply heated or cooled air to multiple zones shall include:
· Controls that automatically reset supply air temperatures by representative building loads or by outside air temperature unless it can be shown that supply air temperature reset increases overall building annual energy costs.
· Variable speed drives for supply and return fans, zone dampers on all zones, specified occupied and unoccupied or low occupancy airflows, and have controls which reduce airflow in response to changes in occupancy levels.
· Zones where at least 75% of the energy for reheating or for providing warm air in mixing systems is provided from a site-recovered (including condenser heat) or site solar energy source.
· Zones where specific humidity levels are required to satisfy process needs, such as computer rooms, museums, surgical suites, and buildings with refrigerating systems, such as supermarkets, refrigerated warehoused and ice arenas.
· Zones with peak supply air quantity of 300 cfm (142L/s) or less.
· Three deck multizone systems that mix economizer-cooled (mixed) air with heated or cooled air where the temperature of the economized-cooled air is reset based on weighted zone heating and cooling loads and zone airflow is reduced to a minimum of 20% design airflow or the volume of outdoor air required to meet zone ventilation requirements before mixing is allowed.



As an example of a zone with peak supply air of 300 cfm or less, consider the drive-up teller area of a bank branch, which might experience significantly different solar loads than the rest of the branch. On a sunny fall or spring day the low outdoor temperatures might be offset in the general areas by the window solar load. However, the 25 ft2 drive-up teller area has significantly higher heating requirements (due to the additional glass), and is shaded by the exterior canopy. This space may experience significant overcooling if served by the branch system, but it might be economically impractical to provide a separate system. In this case, a small reheat coil controlled by a local thermostat located in the drive-up teller area would be allowed if the total supply air to this space is 300 cfm or less.
[bookmark: _Toc298158292]Heat Recovery – NREC 1436 
Heat recovery provides a means of capturing heat energy from otherwise waste energy streams. This recaptured energy is then used for pre-heating of domestic hot water, boiler make-up water and other uses of heat energy. The NREC requires heat recovery from various fan systems, condensate and condenser water systems.

Exceptions are allowed where the process of heat recovery would potentially increase energy use or for alternatives that provide for similar energy savings as the heat recovery requirements.

	NOTE
	A fact sheet about energy recovery is available on the Northwest Energy Efficiency Council website – www.NEEC.net.



[bookmark: _Toc298158293]Fan Systems Heat Recovery – NREC 1436.1

	NREC 1436.1 Requirements
	Fan systems which have a minimum outdoor air capacity of 5,000 cfm or greater shall have a heat recovery system with at least 50% recovery effectiveness. Fifty percent heat recovery effectiveness shall mean an increase in the outside air supply temperature at design heating conditions of one half the difference between the outdoor design air temperature and 65°F. Provisions shall be made to bypass or control the heat recovery system to permit air economizer operation as required by NREC 1433. Heat recovery energy may be provided from any site-recovered or site-solar source. Where a single room or space is supplied by multiple units, the aggregate ventilation (cfm) of those units shall be used in applying this requirement.


	NREC 1436.1 Exceptions
	These exceptions only apply to the particular exhaust subsystems. The remaining cfm of the main supply system is subject to the energy recovery requirements.
· Laboratory systems equipped with both variable air volume supply and variable air volume or two-speed exhaust fume hoods provided that an instruction label is placed on the face of the hood that provides the information in Exhibit 14‑1.
EXHIBIT 14-1
	INSTRUCTIONS TO OPERATOR
To be in compliance with the Energy Code, this fume hood is designed to operate as variable air volume (VAV) by adjusting the sash or controller. Maintain sash in the minimum position during use and close totally when the fume hood is not in use.
	


 
· Systems serving spaces heated to less than 60°F.
· Systems which can be shown to use as much energy with the addition of heat recovery equipment as without it.
· Systems exhausting toxic, flammable, paint exhaust or corrosive fumes making the installation of heat recovery equipment impractical.
· Type I commercial kitchen hoods.
· Systems that only provide cooling.
· Cooling only air handling units or air conditioning units where the minimum outdoor air is less than 70% of total supply air.



	NOTE
	Heat recovery effectiveness of 50% is defined by as an increase in the outside air supply temperature equal to one-half the difference between the outside air temperature and 65F.




	Example Problem

	 At outdoor design conditions of 20F, a counterflow heat exchanger increases the outside supply air temperature to 50F.

	Compliance Result

	The increase in outside supply air temperature is 30 degrees (F) (that is, 50F - 20F). The difference between the 20F outside air temperature and 65F is 45 degrees (F). The heat recovery effectiveness is:
             (50 - 20) / (65 - 20) = 30 / 45 = 0.67
This exceeds the NREC 50% effectiveness requirement.



[bookmark: _Toc298158294]Condensate Systems Heat Recovery – NREC 1436.2

	NREC 1436.2 Requirements
	On-site steam heating systems shall have condensate water recovery. On-site includes a system that is located within or adjacent to one or more buildings within the boundary of a contiguous area or campus under one ownership and which serves one or more of those buildings.
Buildings using steam generated off-site with steam heating systems which do not have condensate water recovery shall have condensate water recovery.



[bookmark: _Toc298158295]Heat Recovery for (Domestic) Service Water Heating – NREC 1436.3

	NREC 1436.3 Requirements
	Condenser water heat recovery systems shall be installed for heating or preheating of service hot water provided all of the following are true:
· The facility operates 24 hours a day.
· The total installed heat rejection capacity of the water-cooled systems exceeds 1,500,000 Btu/h of heat rejection.
· The capacity of service water heating equipment exceeds 250,000 Btu/h.

The required heat recovery system shall have the capacity to provide the smaller of:
· 60% of the peak heat rejection load at design conditions; or
· Preheat of the peak service hot water draw to 85°F; or
· 50% of the service water heating load.


	NREC 1436.3 Exceptions
	· Facilities that employ condenser heat recovery for space heating with a heat recovery design exceeding 30 percent of the peak water-cooled condenser load at design conditions.
· Facilities that provide 60% of their service water heating from site solar or site recovered energy or from other sources.



[bookmark: _Toc298158296]Condenser Heat Recovery – NREC 1436.4

	NREC 1436.4 Requirements
	Facilities having food service, meat or deli departments and having 500,000 Btu/h or greater of remote refrigeration condensers shall have condenser waste heat recovery from freezers and coolers and shall use the waste heat for service water heating, space heating or for dehumidification reheat. Facilities having a gross conditioned floor area of 40,000 ft2 or greater and 1,000,000 Btu/h or greater of remote refrigeration shall have condenser waste heat recovery from freezers and coolers and shall use the waste heat for service water heating, and either for space heating or for dehumidification reheat for maintaining low space humidity.




[bookmark: _Toc298158297]Electric Motor Efficiency – NREC 1437 
Efficiency is the ratio of an electric motor’s useful power output to its total power input, expressed as a percentage. Nominal full load efficiency is further defined in NEMA Standards Publication MG1-1987 and IEEE Standard 112 Test Method B.
NREC Table 14-4B lists two types of motors: open and enclosed. An open motor is one having ventilating openings that permit passage of external cooling air over and around the windings. An enclosed motor is one that prevents the free exchange of air between the inside and outside of the case, but is not sufficiently enclosed to be termed airtight.
	NREC 1437 Requirements
	Design A & B squirrel-cage, T-frame induction permanently wired polyphase motors of 1 hp or more having synchronous speeds of 3,600, 1,800 and 1,200 rpm shall have a nominal full-load motor efficiency no less than the corresponding values for energy efficient motors provided in NREC Table 14-4B.
Fan motors less than 1 hp in series terminal units shall be electronically commutated motors, or shall have a minimum motor efficiency of 65% when rated in accordance with NEMA Standard MG-1 at full load rating conditions.

	NREC 1437 Exception
	· Motors used in systems designed to use more than one speed of a multi-speed motor.
· Motors used as a component of the equipment meeting the minimum equipment efficiency requirements of NREC 1411 and NREC Tables 14-1A through 14-1G provided that the motor input is included when determining the equipment efficiency.
· Motors that are an integral part of specialized process equipment.
· Where the motor is integral to a listed piece of equipment for which no complying motor has been approved.




TABLE 14-4B
ENERGY EFFICIENT ELECTRIC MOTORS
Minimum Nominal Full-Load Efficiency

	
	Minimum Nominal Full-Load Efficiencies (%)
As of 12/19/2010

	
	Open Motors
	Enclosed Motors

	Number of Poles
	2
	4
	6
	2
	4
	6

	Synchronous Speed (RPM)
	3,600
	1,800
	1,200
	3,600
	1,800
	1,200

	Motor HP
	

	1.0
	77.0
	85.5
	82.5
	77.0
	85.5
	82.5

	1.5
	84.0
	86.5
	86.5
	84.0
	86.5
	87.5

	2.0
	85.5
	86.5
	87.5
	85.5
	86.5
	88.5

	3.0
	85.5
	89.5
	88.5
	86.5
	89.5
	89.5

	5.0
	86.5
	89.5
	89.5
	88.5
	89.5
	89.5

	7.5
	88.5
	91.0
	90.2
	89.5
	91.7
	91.0

	10.0
	89.5
	91.7
	91.7
	90.2
	91.7
	91.0

	15.0
	90.2
	93.0
	91.7
	91.0
	92.4
	91.7

	20.0
	91.0
	93.0
	92.4
	91.0
	93.0
	91.7

	25.0
	91.7
	93.6
	93.0
	91.7
	93.6
	93.0

	30.0
	91.7
	94.1
	93.6
	91.7
	93.6
	93.0

	40.0
	92.4
	94.1
	94.1
	92.4
	94.1
	94.1

	50.0
	93.0
	94.5
	94.1
	93.0
	94.5
	94.1

	60.0
	93.6
	95.0
	94.5
	93.6
	95.0
	94.5

	75.0
	93.6
	95.0
	94.5
	93.6
	95.4
	95.4

	100.0
	93.6
	95.4
	95.0
	94.1
	95.4
	95.0

	125.0
	94.1
	95.4
	95.0
	95.0
	95.4
	95.0

	150.0
	94.1
	95.8
	95.4
	95.0
	95.8
	95.8

	200.0
	95.0
	95.8
	95.4
	95.4
	96.2
	95.8

	250.0
	95.0
	95.8
	95.4
	95.8
	96.2
	95.8

	300.0
	95.4
	95.8
	95.4
	95.8
	96.2
	95.8

	350.0
	95.4
	95.8
	95.4
	95.8
	96.2
	95.8

	400.0
	95.8
	95.8
	95.8
	95.8
	96.2
	95.8

	450.0
	95.8
	96.2
	96.2
	95.8
	96.2
	95.8

	500.0
	95.8
	96.2
	96.2
	95.8
	96.2
	95.8



Table #14-4 – Electric Motors Minimum Nominal Full-Load Efficiency

[bookmark: _Toc298158298]Variable Flow System Criteria – NREC 1438 
Most systems receive only part-load demand the majority of the time.  Constant speed systems do not allow for reduced energy usage when system demand is less than full load. Variable flow is a method of increasing or decreasing pump or fan output in order to meet a particular load demand. 
The figure below shows the relative part-load performance of various air-handling unit variable flow devices. Note that bypass circuits, discharge dampers and scroll dampers are not allowed per the Code. 
[image: ]
Figure #14-4 – Part Load Performance of Air-Handler Variable Flow Devices

	NREC 1438 Requirements
	For fans and pumps 7.5 hp and greater including custom and packaged air handlers serving variable air volume fan systems, constant volume fans, heating and cooling hydronic pumping systems, pool and service water pumping systems, domestic water pressure boosting systems, cooling tower fan, and other pumps or fans where variable flows are required, there shall be:
· Variable speed drives, or
· Other controls and devices that will result in fan and pump motor demand of no more than 30% of design wattage at 50% of design air volume for fans when static pressure set point equals 1/3 the total design static pressure, and 50% of design water flow for pumps, based on manufacturer’s certified test data. Variable inlet vanes, throttling valves (dampers), scroll dampers or bypass circuits shall not be allowed.


	NREC 1438 Exception
	Variable speed devices are not required for motors that serve:
· Fans or pumps in packaged equipment where variable speed drives are not available as a factory option from the equipment manufacturer.
· Fans or pumps that are required to operate only for emergency fire-life-safety events (e.g. stairwell pressurization fans, elevator pressurization fans, fire pumps, etc.).



[bookmark: _Toc298158299]Heat Rejection Equipment – NREC 1438.1
	NREC 1438.1 Requirements
	The requirements of this section apply to heat rejection equipment used in comfort cooling systems such as air-cooled condensers, open cooling towers, closed-circuit cooling towers, and evaporative condensers.


	NREC 1438.1 Exceptions
	Heat rejection devices included as an integral part of equipment listed in NREC Tables 14-1A through 14‑1D. Heat rejection equipment shall have a minimum efficiency performance not less than values specified in NREC Table 14-1G. These requirements apply to all propeller, axial fan and centrifugal fan cooling towers. NREC Table 14-1G specifies requirements for air-cooled condensers that are within rating conditions specified within the table.



[bookmark: _Toc298158300]Cooling Tower Variable Flow Controls – NREC 1438.1.1

	NREC 1438.1.1 Requirements
	Cooling tower fans 7.5 hp and greater shall have control devices that vary flow by controlling the leaving fluid temperature or condenser temperature/pressure of the heat rejection device.


[bookmark: _Toc298158301]Limitations on Centrifugal Fan Cooling Towers – NREC 1438.1.2

	NREC 1438.1.2 Requirements
	Open cooling towers with a combined rated capacity of 1,100 gpm and greater at 95°F condenser water return, 85°F condenser water supply and 75°F outdoor wet-bulb temperature shall meet the energy efficiency requirement for axial fan open circuit cooling towers.


	NREC 1438.1.2 Exceptions
	Open circuit cooling towers that are ducted (inlet or discharge) or have external sound attenuation that requires external static pressure capability.



[bookmark: _Toc298158302]Hot Gas Bypass Limitation – NREC 1438.2

	NREC 1438.2 Requirements
	Cooling equipment with direct expansion coils rated at greater than 95,000 Btu/h total cooling capacity shall have a minimum of two stages of cooling capacity or capacity modulation other than hot gas bypass that is capable of reducing input and output by at least 50%.



[bookmark: _Toc298158303]Large Volume Fan System – NREC 1438.3

	NREC 1438.3 Requirements
	Single or multiple fan systems serving a zone or adjacent zones without separating walls with total air flow over 10,000 cfm (3,540 L/s) are required to reduce airflow based on space thermostat heating and cooling demand. A variable speed drive shall reduce airflow to a maximum 75% of peak airflow or minimum ventilation air requirement as required by Section 403 of the International Mechanical Code, whichever is greater.


	NREC 1438.3 Exceptions
	· Systems where the function of the supply air is for purposes other than temperature control, such as maintaining specific humidity levels or supplying an exhaust system.
· Dedicated outdoor air supply unit(s) with heat recovery where airflow is equal to the minimum ventilation requirements and other fans cycle off unless heating or cooling is required.
· An area served by multiple units where designated ventilation units have 50% or less of total area airflow and non-ventilation unit fans cycle off when heating or cooling is not required.



[bookmark: _Toc298158304]Exhaust Systems – NREC 1439 
[bookmark: _Toc298158305]Kitchen Hoods – NREC 1439.1

	NREC 1439.1 Requirements
	Each kitchen area with total exhaust capacity larger than 2,000 cfm shall be provided with make-up air sized so that at least 50% of exhaust air volume be (a) unheated or heated to no more than 60°F and (b) uncooled or cooled without the use of mechanical cooling.


	NREC 1439.1 Exceptions
	One of the following approaches may be taken in lieu of the make-up air requirements for kitchen hoods:
· Where hoods are used to exhaust ventilation air which would otherwise exfiltrate or be exhausted by other fan systems. A detailed accounting of exhaust airflows shall be provided on the plans that accounts for the impact of any required demand controlled ventilation.
· Certified grease extractor hoods that require a face velocity no greater than 60 fpm.


[bookmark: _Toc298158306]Laboratory Exhaust Systems – NREC 1439.2

	NREC 1439.2 Requirements
	Buildings with laboratory exhaust systems having a total exhaust rate greater than 5,000 cfm (2,360 L/s) shall include heat recovery systems to preconditioned makeup air from laboratory exhaust. The heat recovery system shall be capable of increasing the outside air supply temperature at design heating conditions by 25°F (13.9°C) in Climate Zone 1 and 35°F (19.4°C) in Climate Zone 2. A provision shall be made to bypass or control the heat recovery system to permit air economizer operation as required by NREC 1433.


	NREC 1439.2 Exceptions
	One of the following approaches may be taken in lieu of the heat recovery requirements for a laboratory exhaust system:
· Variable air volume laboratory exhaust and room supply systems capable of reducing exhaust and make-up air volume to 50% or less of design values; or
· Direct make-up (auxiliary) air supply equal to at least 75% of the exhaust rate, heated no warmer than 2°F (1.1°C) below room set point, cooled to no cooler than 3°F (1.7°C) above room set point, no humidification added, and no simultaneous heating and cooling used for dehumidification control; or
· Combined Energy Reduction Method: VAV exhaust and room supply system capable of reducing exhaust and makeup air volumes and a heat recovery system to precondition makeup air from laboratory exhaust that when combined will produce the same energy reduction as achieved by a heat recovery system with a 50% sensible recovery effectiveness as required above. For calculation purposes, the heat recovery component can be assumed to include the maximum design supply airflow rate at design conditions. 
QER calculation method described below.



QER	≥	QMIN
QMIN	=	CFMS ∙ (TR-TO) ∙ 1.1 · 0.6
QER	=	CFMS ∙ (TR-TO) ∙ 1.1(A+B)/100
Where:		
QMIN	=	Energy recovery at 60% sensible effectiveness (Btu/h)
QER	=	Combined energy reduction (Btu/h)
CFMS	=	The maximum design supply airflow rate to conditioned spaces served by the system in cubic feet per minute
TR		=	Space return air dry bulb at winter design conditions
TO		=	Outdoor air dry bulb at winter design conditions
A		=	Percentage that the exhaust and makeup air volumes can be reduced from design conditions
B		=	Percentage sensible heat recovery effectiveness
Equation#14-2 – Combined Energy Reduction (QER) Method Equation


[bookmark: _Toc298158307]Domestic Water Systems – NREC 1440 
Service water heating consists of equipment and controls to heat water for domestic or commercial purposes other than space heating. In general all elements of this system shall comply with the same requirements as for HVAC systems, as applicable. This includes the following:
Equipment efficiency - All service water heating equipment is required to comply with the energy efficiency values defined in NREC Tables 14-1A through 14-1G. 
Pipe Insulation – Piping shall be thermally insulated in accordance with NREC 1415.1 Piping Systems Insulation and NREC Table 14-6 Minimum Pipe Insulation.
Variable Flow Control – Pumps for all domestic water systems shall comply with the variable flow control requirements defined in NREC 1438 System Criteria.
Heat Recovery – Condenser water heat recovery is required for heating an preheating of domestic hot water. System requirements are defined in NREC 1436.3 Heat Recovery for Service Water Heating and NREC 1445 (identical content).

[bookmark: _Toc298158308]Water Heater Installation – NREC 1441
	NREC 1441 Requirements
	Electric water heaters in unconditioned spaces or on concrete floors shall be placed on an incompressible, insulated surface with a minimum thermal resistance of R-10.




[bookmark: _Toc298158309]Shut-off Controls – NREC 1442
	NREC 1442 Requirements
	Systems designed to maintain usage temperatures in hot water pipes, such as circulating hot water systems or heat traced pipes shall be equipped with automatic time switches or other controls to turn off the system during periods of non-use.



[bookmark: _Toc298158310] Domestic Hot Water Meters – NREC 1446
	NREC 1446 Requirements
	Each individual dwelling unit in a Group R-2 Multi-Family residential occupancy with central service shall be provided with a domestic hot water meter to allow for domestic hot water billing based on actual domestic hot water usage.



The requirements of this section support the objectives of Chapter 12 Energy Metering. By requiring domestic hot water submetering and billing on a unit-by-unit basis in multi-family residential projects, occupants are provided further incentive and reward for curtailing their personal hot water use. Without submetering, the total cost of domestic hot water would likely be divided amongst all tenants based on a metric such as number of bedrooms or square-footage.

[bookmark: _Toc298158311]Heated Pools – NREC 1450 
The requirements of this section apply to “general and limited use pools” as defined in the Washington Water Recreation Facilities Regulations (WAC 246-260). “Limited use pool” refers to any swimming, spa, wading, or spray pool at apartment, boarding home, condominium, fraternity, home owners association, hotel, mobile home park, motel, recreational vehicle park, sorority or rental housing unit for the use of the persons living or residing at the facility and their resident's invited guests. “General use pool” refers to any swimming, spa, wading, or spray pool not meeting the definition of a limited use pool.

 
[bookmark: _Toc298158312]Pool Water Heaters – NREC 1452
	NREC 1452 Requirements
	Heat pump pool heaters shall have a minimum COP of 4.0 determined in accordance with ASHRAE Standard 146, Method of Testing for Rating Pool Heaters. Other pool heating equipment shall comply with the applicable efficiencies in NREC Tables 14-1A through 14-1G.



[bookmark: _Toc298158313]Controls – NREC 1453
	NREC 1453 Requirements
	All pool heaters shall be equipped with a readily accessible ON/OFF switch to allow shutting off the operation of the heater without adjusting the thermostat setting. Controls shall be provided to allow the water temperature to be regulated from the maximum design temperature down to 65°F.



[bookmark: _Toc298158314]Pool Covers and Insulation – NREC 1454
	NREC 1454 Requirements
	Heated pools shall be equipped with a vapor retardant pool cover on or at the water surface. Pools heated to more than 90°F shall have a pool cover with a minimum insulation value of R-12, and the sides and bottom of the pool shall also have a minimum insulation value of R-12.




[bookmark: _Toc298158315]Heat Recovery – NREC 1455
	NREC 1455 Requirements
	Heated indoor swimming pools, spas or hot tubs with water surface area greater than 200 square feet shall provide for energy conservation by an exhaust air heat recovery system that heats ventilation air, pool water or domestic hot water. The heat recovery system shall be capable of decreasing the exhaust air temperature at design heating conditions (80°F indoor) by 36°F (10°C) in Climate Zone 1 and 48°F (26.7°C) in Climate Zone 2.


	NREC 1455 Exceptions
	Pools, spas or hot tubs that include system(s) that provide equivalent recovered energy on an annual basis through one of the following methods:
· Renewable energy;
· Dehumidification heat recovery;
· Waste heat recovery; or
· A combination of these system(s) sources capable of providing at least 70% of the heating energy required over an operating season.



[bookmark: _Toc298158316]Cold Storage – NREC 1460 
These requirements apply mechanical equipment that serves frozen or cold storage spaces such as fruit and vegetable storage warehouses, meat and seafood packing facilities, research facilities, and other spaces that need to be maintained at a lower space temperature that a typical building. 
Cold storage spaces are defined in Chapter 2 as spaces that are mechanically cooled and are designed to be maintained at a space temperature between 28 F and 45 F (-2.2 C and - 7 C). Refrigerated warehouse spaces contain cold storage spaces or frozen storage spaces that have a total area exceeding 3,000 ft². This Code section does not govern manufactured walk-in coolers or freezers. Design standards and energy efficiency requirements for this equipment are defined under the Energy Independence and Security Act of 2007 (EISA). Refer to the Department of Energy (DOE) website for more information. 
Specific requirements for mechanical systems serving these building types apply to underslab heating, evaporators, condensers and compressors.

[bookmark: _Toc298158317]Underslab Heating – NREC 1462
	NREC 1462 Requirements
	Electric resistance heat shall not be used for the purposes of underslab heating.


	NREC 1462 Exceptions
	Underslab heating systems controlled such that the electric resistance heat is thermostatically controlled and provided with a digital input or other interface approved by the local utility that allows heat to be disabled during on-peak periods defined by the local electric utility.




[bookmark: _Toc298158318]Evaporators – NREC 1463
	NREC 1463 Requirements
	Fan-powered evaporators used in coolers and freezers shall conform to the following:
· 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.

	NREC 1463 Exceptions

	Evaporators served by a single compressor without unloading capability.



[bookmark: _Toc298158319]Condensers – NREC 1464
	NREC 1464 Requirements
	Fan-powered condensers shall conform to the following:
· 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:
· The design wetbulb temperature plus 20°F in locations where the design wetbulb temperature is less than or equal to 76°F;
· The design wetbulb temperature plus 19°F in locations where the design wetbulb temperature is between 76°F and 78°F; or
· The design wetbulb temperature plus 18°F in locations where 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 serving frozen storage and shall be less than or equal to the design drybulb temperature plus 15°F for systems serving cold storage. There is an exception for unitary condensing units.
· All condenser fans for evaporative condensers shall be continuously variable speed, and the condensing temperature 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 temperature or pressure 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, or reset in response to ambient drybulb temperature ore 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.



[bookmark: _Toc298158320]Compressors – NREC 1465
	NREC 1465 Requirements
	Compressor systems utilized in refrigerated warehouses shall conform to the following:
· Compressors shall be designed to operate at a minimum condensing temperature of 70°F or less.
· 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% of full load input power when operated at 50% of full refrigeration capacity.


	NREC 1465 Exceptions
	Refrigeration plants with more than one dedicated compressor per suction group.


[bookmark: _Toc298158321]Mechanical Equipment Performance Tables 
Table 14-1A
Unitary Air Conditioners and Condensing Units, Electrically Operated, Minimum Efficiency Requirements

	Equipment 
Type
	Size 
Category
	Sub-Category or Rating Condition
	Minimum Efficiencyb
	Test
Procedurea

	Air Conditioners,
 Air Cooled
	< 65,000 Btu/h d
	Split System
	13.0 SEER
	AHRI 210/240

	
	
	Single Package
	13.0 SEER
	

	
	³65,000 Btu/h and
< 135,000 Btu/h
	Split System and
Single Package 
	11.2 EERc
11.4 IEERc
	

	
	³135,000 Btu/h and
< 240,000 Btu/h
	Split System and
Single Package 
	11.0 EERc
11.2 IEERc
	AHRI 340/360

	
	³ 240,000 Btu/h and
<760,000 Btu/h
	Split System and
Single Package 
	10.0 EERc
10.1 IEERc
	

	
	760,000 Btu/h
	Split System and
Single Package 
	9.7 EERc
9.8 IEERc
	

	Through-the-Wall, Air Cooled
	<30,000 Btu/hd
	Split System
	12.0 SEER
	AHRI 210/240

	
	
	Single Package
	12.0 SEER
	

	Small-Duct High‑Velocity, 
Air Cooled
	<65,000 Btu/hd
	Split System
	10.0 SEER
	AHRI 210/240

	Air Conditioners,  
Water and Evaporatively Cooled
	< 65,000 Btu/h
	Split System and
Single Package
	12.1 EERc
12.3 IEERc
	AHRI 210/240

	
	³ 65,000 Btu/h and
< 135,000 Btu/h
	Split System and
Single Package
	11.5 EERc
11.7 IEERc
	AHRI 340/360

	
	³135,000 Btu/h and
£240,000 Btu/h
	Split System and
Single Package
	11.0 EERc
11.2 IEERc
	

	
	> 240,000 Btu/h
	Split System and
Single Package
	11.0 EERc
11.1 IEERc
	

	Condensing Units,
 Air Cooled
	³135,000 Btu/h
	
	10.1 EER
11.2 IPLV
	AHRI 365

	Condensing Units,
 Water or Evaporatively Cooled
	³135,000 Btu/h
	
	13.1 EER
13.1 IPLV
	

	a  Reserved.
b  IPLVs are only applicable to equipment with capacity modulation.
c  Deduct 0.2 from the required EERs and IEERs for units with a heating section other than electric resistance heat.
d  Applies to all units, including single-phase and three-phase. For single-phase air cooled air-conditioners < 65,000 Btu/h, SEER values are those set by NAECA.
e  Reserved.




TABLE 14-1B
UNITARY AND APPLIED HEAT PUMPS, ELECTRICALLY OPERATED, 
MINIMUM EFFICIENCY REQUIREMENTS

	Equipment 
Type
	Size
Category
	Sub-Category or Rating Condition
	Minimum Efficiencyb
	Test 
Procedurea

	Air Cooled, (Cooling Mode)
	< 65,000 Btu/hd
	Split System
	13.0 SEER
	AHRI 210/240

	
	
	Single Package
	13.0 SEER
	

	
	³65,000 Btu/h and
< 135,000 Btu/h
	Split System and
Single Packagee
	11.0 EERc
11.2 IEERc
	AHRI 340/360


	
	³135,000 Btu/h and
<240,000 Btu/h
	Split System and
Single Package
	10.6 EERc
10.7 IEERc
	

	
	240,000 Btu/h
	Split System and
Single Package
	9.5 EERc
9.6 IEERc
	

	Through-the-Wall (Air Cooled, Cooling Mode)
	<30,000 Btu/h d
	Split System
	12.0 SEER
	AHRI 210/240

	
	
	Single Package
	12.0 SEER
	

	Small-Duct High-Velocity (Air Cooled, Cooling Mode)
	< 65,000 Btu/hd
	Split System
	10.0 SEER
	AHRI 210/240

	Water-Source 
(Cooling Mode)
	< 17,000 Btu/h
	86°F Entering Water
	11.2 EER
	AHRI/ISO-13256-1

	
	 17,000 Btu/h and
<65,000 Btu/h
	86°F Entering Water
	12.0 EER
	AHRI/ISO-13256-1

	
	³65,000 Btu/h and
< 135,000 Btu/h
	86°F Entering Water
	12.0 EER
	AHRI/ISO-13256-1

	Groundwater-Source 
(Cooling Mode)
	< 135,000 Btu/h
	59°F Entering Water
	16.2 EER
	AHRI/ISO-13256-1

	Ground Source
(Cooling Mode)
	< 135,000 Btu/h
	77°F Entering Water
	13.4 EER
	AHRI/ISO-13256-1

	Air Cooled 
(Heating Mode)
	< 65,000 Btu/hd
(Cooling Capacity)
	Split System
	7.7 HSPF
	AHRI 210/240

	
	
	Single Package
	7.7 HSPF
	

	
	³65,000 Btu/h and
< 135,000 Btu/h
(Cooling Capacity)
	47°F db/43°F wb 
Outdoor Air
17°F db/15°F wb 
Outdoor Air
	3.3 COP

2.25 COP
	

	
	³135,000 Btu/h
(Cooling Capacity)
	47°F db/43°F wb 
Outdoor Air
17°F db/15°F wb 
Outdoor Air
	3.2 COP

2.05 COP
	AHRI 340/360


	Through-the-Wall (Air Cooled, Heating Mode)
	<30,000 Btu/hd
	Split System
	7.4 HSPF
	AHRI 210/240

	
	
	Single Package
	7.4 HSPF
	

	Small-Duct High-Velocity (Air Cooled, Heating Mode)
	< 65,000 Btu/hd
	Split System
	6.8 HSPF
	AHRI 210/240

	Water-Source
(Heating Mode)
	< 135,000 Btu/h
(Cooling Capacity)
	68°F Entering Water
	4.2 COP
	AHRI/ISO-13256-1

	Groundwater-Source 
(Heating Mode)
	< 135,000 Btu/h
(Cooling Capacity)
	50°F Entering Water
	3.6 COP
	AHRI/ISO-13256-1

	Ground Source 
(Heating Mode)
	< 135,000 Btu/h
(Cooling Capacity)
	32°F Entering Water
	3.1 COP
	AHRI/ISO-13256-1

	a  Reserved.
b  IPLVs and Part load rating conditions are only applicable to equipment with capacity modulation.
c  Deduct 0.2 from the required EERs and IEERs for units with a heating section other than electric resistance heat.
d  Applies to all units, including single-phase and three-phase. For single-phase air-cooled heat pumps < 65,000 Btu/h, SEER and HSPF values are those set by NAECA.
e  Reserved.



TABLE 14-1C
WATER CHILLING PACKAGES, 
MINIMUM EFFICIENCY REQUIREMENTS

	Equipment 
Type
	Size 
Category
	Units
	Path Ab
	Path Bb
	Test 
Procedurea

	
	
	
	Full Load
	IPLV
	Full Load
	IPLV
	

	Air Cooled
Chillerse
	<150 Tons
³150 Tons
	EER
EER
	>9.562
>9.562
	>12.500
>12.750
	NAc
NAc
	NAc
NAc
	AHRI 550/590

	Air Cooled,
Without Condenser,
Electrically Operatede
	All Capacities
	Air-cooled chillers without condensers must be rated with matching condensers and comply with the air-cooled chiller efficiency requirements
	

	Water Cooled, 
Electrically Operated, Reciprocating
	All Capacities
	Reciprocating units must comply with water cooled positive displacement efficiency requirements
	

	Water Cooled,
Electrically Operated,
Positive Displacement
	<75 Tons
≥75 Tons and <150 Tons
≥150 Tons and <300 Tons
≥ 300 Tons
	kW/ton
	<0.780
<0.775

<0.680

<0.620
	<0.630
<0.615

<0.580

<0.540
	<0.800
<0.790

<0.718

<0.639
	<0.600
<0.586

<0.540

<0.490
	

	Water Cooled, 
Electrically Operated, Centrifugal
	<150 Tons 
≥150 Tons and <300 Tons
≥ 300 Tons and <600 Tons
≥600 Tons
	kW/ton
	<0.634
<0.634

<0.576

<0.570
	<0.596
<0.596

<0.549

<0.539
	<0.639
<0.639

<0.600

<0.590
	<0.450
<0.450

<0.400

<0.400
	

	Air Cooled, 
Absorption 
Single Effect 
	All Capacities
	COP
	>0.600
	NRd
	NAc
	NAc
	AHRI 
560-92

	Water Cooled, 
Absorption 
Single Effect
	All Capacities
	COP
	>0.700
	NRd
	NAc
	NAc
	

	Absorption 
Double Effect,
Indirect-Fired
	All Capacities
	COP
	>1.000
	>1.050
	NAc
	NAc
	

	Absorption 
Double Effect,
Direct-Fired
	All Capacities
	COP
	>1.000
	>1.000
	NAc
	NAc
	

	For SI: 1 Btu/h = 0.2931 W
a The chiller equipment requirements do not apply for chillers used in low temperature applications where the design leaving fluid temperature is less than 38°F.
b Compliance with this standard can be obtained by meeting the minimum requirements of Path A or Path B. However, both the full and IPLV must be met to fulfill the requirements of Path A or Path B.
c NA means that this requirement is not applicable and cannot be used for compliance.
d NR means that there are no minimum requirements for this category.
e Chilled water plants and buildings with more than 500 tons total capacity shall not have more than 100 tons provided by air-cooled chillers.





TABLE 14-1D
PACKAGED TERMINAL AIR CONDITIONERS, PACKAGED TERMINAL HEAT PUMPS, ROOM AIR CONDITIONERS,AND ROOM AIR CONDITIONER HEAT PUMPS, ELECTRICALLY OPERATED, MINIMUM EFFICIENCY REQUIREMENTS

	Equipment 
Type
	Size Category (Input)
	Sub-Category or
Rating Condition
	Minimum Efficiencyb
	Test 
Procedurea

	PTAC (Cooling Mode)
Standard Size
	All Capacities
	95°F db Outdoor Air

82°F db Outdoor Air
	12.5 - (0.213 x Cap/1000)b EER
14.7 - (0.213 x Cap/1000)b EER
	

	PTAC (Cooling Mode) Nonstandard Sizec
	All Capacities
	95°F db Outdoor Air

82°F db Outdoor Air
	10.9 - (0.213 x Cap/1000)b EER
13.1 - (0.213 x Cap/1000)b EER
	AHRI 310/380

	PTHP  (Cooling Mode)
Standard Size
	All Capacities
	95°F db Outdoor Air

82°F db Outdoor Air
	12.3 - (0.213 x Cap/1000)b EER
14.5 - (0.213 x Cap/1000)b EER
	

	PTHP (Cooling Mode)
Nonstandard Sizec
	All Capacities
	95°F db Outdoor Air

82°F db Outdoor Air
	10.8 - (0.213 x Cap/1000)b EER
13.0 - (0.213 x Cap/1000)b EER
	

	PTHP  (Heating Mode)
New Construction
	All Capacities
	

	3.2 - (0.026 x Cap/1000)b COP
	

	PTHP  (Heating Mode)
Replacementsc
	All Capacities
	
	2.9 - (0.026 x Cap/1000)b COP
	

	SPVAC (Cooling Mode)
	<65,000 Btu/h
≥65,000 Btu/h and <135,000 Btu/h
≥135,000 Btu/h and <240,000 Btu/h
	95°F db/75°F wb 
Outdoor Air
	9.0 EER
8.9 EER

8.6 EER
	
AHRI 390

	SPVHP (Cooling Mode)
	<65,000 Btu/h
≥65,000 Btu/h and <135,000 Btu/h
≥135,000 Btu/h and <240,000 Btu/h
	95°F db/75°F wb 
Outdoor Air
	9.0 EER
8.9 EER

8.6 EER
	

	SPVAC (Heating Mode)
	<65,000 Btu/h
≥65,000 Btu/h and <135,000 Btu/h
≥135,000 Btu/h and <240,000 Btu/h
	47°F db/43° wb
Outdoor Air
	3.0 COP
3.0 COP

29.COP
	

	Room Air Conditioners, 
with Louvered Sides
	< 6,000 Btu/h
³6,000 Btu/h and
< 8,000 Btu/h
³ 8,000 Btu/h and
< 14,000 Btu/h
³14,000 Btu/h and
< 20,000 Btu/h
³20,000 Btu/h 
	
	9.7 EER
9.7 EER

9.8 EER

9.7 EER

8.5 EER
	ANSI/AHAM
 RAC-1

	Room Air Conditioners, 
without Louvered Sides
	< 8,000 Btu/h
³8,000 Btu/h and
< 20,000 Btu/h
³20,000 Btu/h 
	
	9.0 EER
8.5 EER

8.5 EER
	

	Room Air Conditioner Heat Pumps with Louvered Sides
	 < 20,000 Btu/h
 20,000 Btu/h
	
	9.0 EER
8.5 EER
	

	Room Air Conditioner Heat Pumps without Louvered Sides
	 < 14,000 Btu/h
 14,000 Btu/h
	
	8.5 EER
8.0 EER
	

	Room Air Conditioner, Casement Only
	All Capacities 
	
	8.7 EER
	

	Room Air Conditioner, Casement –Slider
	All Capacities
	
	9.5 EER
	

	a  Reserved.
b  Cap means the rated cooling capacity of the product in Btu/h.  If the unit's capacity is less than 7000 Btu/h, use 7000 Btu/h in the calculation.  If the unit's capacity is greater than 15,000 Btu/h, use 15,000 Btu/h in the calculation.
c  Nonstandard size units must be factory labeled as follows: "MANUFACTURED FOR NONSTANDARD SIZE APPLICATIONS ONLY; NOT TO BE INSTALLED IN NEW CONSTRUCTION PROJECTS."  Nonstandard size efficiencies apply only to units being installed in existing sleeves having an external wall opening of less than 16-in. high or less than 42-in. wide, and having a cross-sectional area less than 670 square inches.
d Casement room air conditioners are not separate product classes under current minimum efficiency column.
e New room air conditioner standards, covered by NAECA became effective October 1, 2000. 

	




TABLE 14-1E
WARM AIR FURNACES AND COMBINATION WARM AIR FURNACES/AIR-CONDITIONING UNITS, WARM AIR DUCT FURNACES AND UNIT HEATERS, 
MINIMUM EFFICIENCY REQUIREMENTS


	Equipment 
Type
	Size Category 
(Input)
	Sub-Category or Rating Condition
	Minimum Efficiencyb
	Test 
Procedurea

	Warm Air Furnace,
Gas-Fired
	< 225,000 Btu/h
(66 kW)
	
	78% AFUE or
80% Etc
	DOE 10 CFR
Part 430 or
ANSI Z21.47

	
	³225,000 Btu/h
(66 kW)
	Maximum Capacityc

Minimum Capacityc
	80% Ecf
	ANSI Z21.47

	Warm Air Furnace,
Oil-Fired
	< 225,000 Btu/h
(66 kW)
	
	78% AFUE or
80% Etc
	DOE 10 CFR 
Part 430 or
UL 727

	
	³225,000 Btu/h
(66 kW)
	Maximum Capacityb

Minimum Capacityb
	81% Etg
____
	UL 727

	Warm Air
Duct Furnaces,
Gas-Fired
	All Capacities
	Maximum Capacityb

Minimum Capacityb
	80% Ece
____
	
ANSI Z83.9

	Warm Air 
Unit Heaters,
Gas-Fired
	All Capacities
	Maximum Capacityb

Minimum Capacityb
	80% Ech
____
	
ANSI Z83.8


	Warm Air
Unit Heaters,
Oil-Fired
	All Capacities
	Maximum Capacityb

Minimum Capacityb
	80% Ece
____
	UL 731

	a  Reserved.
b  Minimum and maximum ratings as provided for and allowed by the unit's controls.
c  Combination units not covered by NAECA (3-phase power or cooling capacity greater than or equal to  65,000 Btu/h [19 kW]) may comply with either rating.
d  Et = Thermal efficiency.  See test procedure for detailed discussion.
e Ec = Combustion efficiency (100% less flue losses).  See test procedure for detailed discussion.
f  Ec = Combustion efficiency.  Units must also include an IID, have jacket losses not exceeding 0.75% of the input rating, and have either power venting or a flue damper.  A vent damper is an acceptable alternative to a flue damper for those furnaces where combustion air is drawn from the conditioned space.
g  Et = Thermal efficiency.  Units must also include an IID, have jacket losses not exceeding 0.75% of the input rating, and have either power venting or a flue damper.  A vent damper is an acceptable alternative to a flue damper for those furnaces where combustion air is drawn from the conditioned space.

	h Ec = Combustion efficiency. Units must also include an IID, and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue damper for those unit heaters where combustion air is drawn from the conditioned space.




TABLE 14-1F
BOILERS, GAS- AND OIL-FIRED, 
MINIMUM EFFICIENCY REQUIREMENTS


	Equipment Typef
	Sub Category
	Size Categoryb
	Minimum Efficiencyb
	Test 
Procedure

	Boilers, Hot Water 
	Gas-Fired
	< 300,000 Btu/h
	80% AFUE
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]DOE 10 CFR
Part 430

	
	
	³300,000 Btu/h and
 £ 2,500,000 Btu/h
	80% Et
	DOE 10 CFR
Part 431

	
	
	> 2,500,000 Btu/ha
	82% Ec
	

	
	Oil-Firedc
	< 300,000 Btu/h
	80% AFUE
	DOE 10 CFR
Part 430

	
	
	³300,000 Btu/h and
 £ 2,500,000 Btu/h
	82% Et
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]DOE 10 CFR
Part 431

	
	
	> 2,500,000 Btu/ha
	84% Ec
	

	Boilers, Steam
	Gas-Fired
	< 300,000 Btu/h
	75% AFUE
	DOE 10 CFR
Part 430

	
	Gas-Fired – All except natural draft
	³300,000 Btu/h and
£2,500,000 Btu/h
	79% Et 
	DOE 10 CFR
Part 431

	
	
	> 2,500,000 Btu/h
	79% Et
	

	
	Gas-Fired, 
Natural draft
	³300,000 Btu/h and
£2,500,000 Btu/h
	77% Et
	DOE 10 CFR
Part 431

	
	
	> 2,500,000 Btu/h
	77% Et
	

	
	Oil-Firedc
	< 300,000 Btu/h
	80% AFUE
	DOE 10 CFR
Part 430

	
	
	³300,000 Btu/h and
£2,500,000 Btu/h
	81% Et
	DOE 10 CFR
Part 431

	
	
	> 2,500,000 Btu/ha
	81% Ec
	

	a  These requirements apply to boilers with rated input of 8,000,000 Btu/h or less that are not packaged boilers, and to all packaged boilers. Minimum efficiency requirements for boilers cover all capacities of packaged boilers.
b  Maximum capacity - Minimum and maximum ratings as provided for and allowed by the unit's controls.
c Includes oil-fired (residual).
Ec = Combustion efficiency (100% less flue losses).  See reference document for detailed information.
Et = Thermal efficiency.  See reference document for detailed information.






TABLE 14-1G
PERFORMANCE REQUIREMENTS FOR HEAT REJECTION EQUIPMENT

	Equipment Type
	Total System Heat Rejection Capacity 
at Rated Conditions
	Sub-Category or 
Rating Condition
	Minimum Efficiencya,b,c
	Test 
Procedure

	Propeller or 
Axial Fan,
Open Circuit Cooling Towers
	All
	95°F (35°C) 
Entering Water
85°F (29°C) 
Leaving Water
75°F (24°C) wb 
Outdoor Air 
	³38.2 gpm/hp
(3.23 L/s-kW)
	CTI ATC-105
and
CTI STD-201

	Centrifugal Fan, Open Circuit 
Cooling Towers
	All
	95°F (35°C) 
Entering Water
85°F (29°C) 
Leaving Water
75°F (24°C) wb 
Outdoor Air
	 ³ 20.0 gpm/hp
(1.7 L/s-kW)
	CTI ATC-105
and
CTI STD-201

	Propeller or Axial Fan, Closed Circuit Cooling Towers
	All
	102°F (39°C) 
Entering Water
90°F (32°C) 
Leaving Water
75°F (24°C) wb 
Outdoor Air
	³ 14.0 gpm/hp
	CTI ATC-105S and CTI STD-201

	Centrifugal Fan, Closed Circuit Cooling Towers
	All
	102°F (39°C) 
Entering Water
90°F (32°C) 
Leaving Water
75°F (24°C) wb 
Outdoor Air
	³ 7.0 gpm/hp
	CTI ATC-105S and CTI STD-201

	Air Cooled Condensers
	All
	125°F (52°C) 
Condensing Temperature 
R22 Test Fluid 
190°F (88°C) Entering Gas Temperature 
15°F (8°C) Subcooling 
95°F (35°C) 
Entering Drybulb
	³176,000 Btu/h·hp
69 COP
	AHRI 460

	a For purposes of this table, open circuit cooling tower performance is defined as the process water flow rating of tower at thermal rating conditions listed in this table divided by the fan nameplate rated motor power.
b For purposes of this table, closed circuit cooling tower performance is defined as the process water flow rating of tower at thermal conditions listed in this table divided by the sum of fan motor nameplate power.
c For the 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.






[bookmark: _Toc298158322]Mechanical Equipment Definitions 
[bookmark: _Toc318524567][bookmark: _Toc318525227][bookmark: _Toc318525552][bookmark: _Toc318881214][bookmark: _Toc321285968][bookmark: _Toc321293896][bookmark: AC][bookmark: _Toc19944275][bookmark: _Toc19958852][bookmark: _Toc110680446][bookmark: _Toc298158323]Air-Cooled, Unitary Air-Conditioners
[bookmark: _Hlt518632547]Unitary is the broad classification given to complete factory-assembled air-conditioning systems made up of one or more assemblies (shipped together or separately) that are designed to be used together. 
Packaged systems (sometimes called self-contained units) are complete air-conditioning units (including refrigeration compressor, cooling coils, fan, filter, and automatic controls) all assembled into one casing.

Split systems consist of two factory-made assemblies: a condensing unit that uses outside air as the heat sink, and an indoor direct expansion coil, usually integral to an air handling unit.

[bookmark: _Toc318524570][bookmark: _Toc318525230][bookmark: _Toc318525555][bookmark: _Toc318881217][bookmark: _Toc321285971][bookmark: _Toc321293899][bookmark: unitary][bookmark: _Toc19944278][bookmark: _Toc19958855][bookmark: _Toc110680449][bookmark: _Toc298158324]Air-Cooled, Unitary Heat Pumps
[bookmark: _Hlt518633864]Heat pumps are air-conditioners with reversing valves. Heat pumps can operate in two refrigeration configurations. When the refrigeration system is reversed, the heat pump absorbs heat from the outdoor air and rejects it to the indoor environment. Generally, air-cooled unitary heat pumps must meet the same cooling performance requirements as air-cooled unitary air-conditioners.

[bookmark: _Toc318524573][bookmark: _Toc318525233][bookmark: _Toc318525558][bookmark: _Toc318881220][bookmark: _Toc321285974][bookmark: _Toc321293902][bookmark: pkgAC][bookmark: _Toc19944281][bookmark: _Toc19958858][bookmark: _Toc110680452][bookmark: _Toc298158325]Packaged Terminal Air-Conditioner and Heat Pump
[bookmark: _Hlt518633880]Packaged terminal air-conditioners (PTACs) are factory-made assemblies installed through sleeves in walls. The primary function is to provide ventilation, cooling, and often heating at a controlled temperature. Each PTAC includes outside louvers, a supply fan, an evaporator (cooling coil), a compressor, an air-cooled condenser, and a heating coil with hot water, steam, or electric resistant heat. “Terminal” is in the name because it distributes conditioned air into the room. No other ductwork or terminal device is required.

[bookmark: _Toc318524577][bookmark: _Toc318525237][bookmark: _Toc318525562][bookmark: _Toc318881224][bookmark: _Toc321285978][bookmark: _Toc321293906][bookmark: furnaces][bookmark: _Toc19944285][bookmark: _Toc19958862][bookmark: _Toc110680456][bookmark: _Toc298158326]Oil- and Gas-Fired Furnaces and Unit Heaters
[bookmark: _Hlt518633894]This category includes self-contained, indirect-fired, non-rated furnaces that supply heated air through ducts to spaces that require it. Warm-air furnaces are typically factory-made assemblies which include a supply fan, a combustion system, and a heat exchanger.
The most common commercial furnace is the combination package rooftop unit that contains both an air-conditioner and a gas-fired furnace. Sometimes, a gas-fired furnace is installed with a packaged rooftop heat pump. The function of the furnace is to provide auxiliary heating to the heat pump when outside temperatures are too low to provide adequate heat energy.
[bookmark: _Toc318524581][bookmark: _Toc318525241][bookmark: _Toc318525566][bookmark: _Toc318881228][bookmark: _Toc321285982][bookmark: _Toc321293910][bookmark: evap][bookmark: _Toc19944289][bookmark: _Toc19958866][bookmark: _Toc110680460][bookmark: _Toc298158327][bookmark: _Hlt518633908]Water- and Evaporatively-Cooled, Unitary Air-Conditioners
Evaporatively cooled, unitary air-conditioners consist of one or more factory-made assemblies which normally include an evaporator (cooling coil), a compressor and condenser combination which uses an evaporative cooler for heat rejection.
Water-cooled, unitary air-conditioners consist of one or more factory-made assemblies that normally include an evaporator (cooling coil), a compressor, and a refrigerant-to-water heat exchanger for heat rejection. Refrigerant-to-water heat exchangers use a supplementary cooling tower for heat rejection.
Evaporative coolers consist of a water distribution system, a water tank, a water-recirculating pump, and a fan. The water distribution system sprays water over the condenser coils to remove the heat from them. As the condenser coils evaporate the water, the fan blows outside air across them to eject the saturated air.
Condensing units are assemblies of refrigeration components designed to compress and liquefy refrigerant. They consist of one or more compressors and condensers that use an evaporative cooler or air-to-air, refrigerant-to-water heat exchanger for heat rejection.
[bookmark: _Toc318524585][bookmark: _Toc318525245][bookmark: _Toc318525570][bookmark: _Toc318881232][bookmark: _Toc321285986][bookmark: _Toc321293914][bookmark: groundwater][bookmark: _Toc19944293][bookmark: _Toc19958870][bookmark: _Toc110680464][bookmark: _Toc298158328]Ground Water-Source and Water-Source Heat Pumps
[bookmark: _Hlt518633939]Water-source heat pumps consist of a supply fan, an evaporator (cooling coil), a compressor, a refrigerant-to-water heat exchanger, and high and low set point controls. The refrigerant-to-water heat exchanger uses condenser water system to reject or absorb heat. A boiler and cooling tower maintain the temperature range of the condenser water system. The boiler turns on when the temperature falls below the set point. The cooling tower turns on when the temperature rises above the set point.
Ground water-source heat pumps are similar to water-source heat pumps except they use ground water to reject or absorb heat. Ground water is normally well water that is either wasted or rejected back into the well. The designer should consult local, state, and federal regulations covering the use of well water.
Ground water-source and water-source heat pumps may consist of a split system. Such systems shall be designed to be used together and rated as matched assemblies. 
[bookmark: _Toc318524589][bookmark: _Toc318525249][bookmark: _Toc318525574][bookmark: _Toc318881236][bookmark: _Toc321285990][bookmark: _Toc321293918][bookmark: chill][bookmark: _Toc19944297][bookmark: _Toc19958874][bookmark: _Toc110680468][bookmark: _Toc298158329]Air- and Water-Cooled, Water-Chilling Packages 
[bookmark: _Hlt518633951]Air-cooled, water-chilling packages consist of one or more factory assemblies of refrigeration components. They include compressors, condensers, condenser fans, refrigerant-to-water heat exchangers, and other options. The condenser is a refrigerant-to-outside air exchanger which rejects heat directly with the outside air. Air-cooled, water-chilling packages are typically single rooftop packaged units. Others are split systems with a remote condenser.
Water-cooled, water-chilling packages consist of one or more factory assemblies of refrigeration components. They include one or more compressors, refrigerant-to-water heat exchangers for the condensers, condenser fans, refrigerant-to-water heat exchangers for the evaporators (cooling coil), and other options. Water-cooled, water-chilling packages are typically indoor packaged units with a remote cooling tower to eject heat. Besides chilling water, some units provide heat reclaim from the condenser.
[bookmark: _Toc318524592][bookmark: _Toc318525252][bookmark: _Toc318525577][bookmark: _Toc318881239][bookmark: _Toc321285993][bookmark: _Toc321293921][bookmark: boilers][bookmark: _Toc19944300][bookmark: _Toc19958877][bookmark: _Toc110680471][bookmark: _Toc298158330]Oil- and Gas-Fired Boilers
[bookmark: _Hlt518633962]Oil- and gas-fired boilers are assemblies that consist of an oil- and gas-fired combustion system and a pressure vessel. Boilers heat fluid for hot water or steam for heating.
[bookmark: HeatRejetion][bookmark: _Toc19944303][bookmark: _Toc19958880][bookmark: _Toc110680474][bookmark: _Toc298158331]Heat Rejection Equipment
Heat rejection devices are the "last link" in the refrigeration process for air conditioning. The heat rejection device is where all of the heat removed from the space and created by mechanical components of the cooling system, such as compressors, pumps and fans, is rejected to outside air. There are three types of heat rejection devices: cooling towers, fluid coolers and air-cooled condensers. Cooling towers and fluid coolers can be equipped with axial or centrifugal fans, while air-cooled condensers are almost always equipped with axial fans.
Cooling towers (also called "direct-contact" or "open cooling tower”) are types of heat rejection devices that expose water directly to the cooling atmosphere, transferring heat in the water to the air. The most typical approach used in an open cooling tower is to spray the water over a fill medium. Using fans, air is then circulated over the media. Some of the water on the media evaporates in the airflow, removing heat from the circulating water. Remaining water is then piped back to the water-cooled condenser of the chiller.
Fluid Coolers (also called "indirect-contact" cooling towers) contain two separate fluid circuits: (1) an external circuit that is exposed to the atmosphere as it falls over a series of tubes or coils, and (2) an internal circuit that contains the fluid to be cooled in the series of tubes or coils. Air is circulated through the fluid cooler using fans. As the air in the external circuit evaporates and cools the water as it falls over the tubing, the fluid in the internal circuit is cooled and circulated back to the primary cooling device. Fluid coolers are typically used for water source heat pump systems, as well as some chilled water systems that incorporate water economizers.
Air-cooled condensers are heat rejection units used to remove heat from refrigerant circulation loops. Hot, gaseous, refrigerant is circulated through a series of coils in the unit. Fans circulate air over the coil to remove heat from the refrigerant. The refrigerant is then circulated back through the expansion valve and then to the indoor cooling coil to continue the air conditioning cycle. For more information about the function of an air-cooled condenser, refer to Summary of NREC Mechanical Systems Requirements at the beginning of the Mechanical Systems Education section. Air-cooled condensers regulated by Table 14-1G are always remotely located from the remainder of the refrigeration system, with refrigerant piping connecting the two.
 (
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[bookmark: _Toc298158332]Chapter 15: Lighting and Motors
[bookmark: _Toc298158333]Overview of Lighting Compliance Requirements	
[bookmark: _Toc298158334]Introduction

[bookmark: _Hlt518651013]The overall intent of this chapter is to address the lighting requirements of the NREC. This chapter applies to all non-residential and multi-family buildings and occupancies, unless exempted per NREC 1512.
NREC compliance forms are available and have been designed as tools to help designers comply with the code and plan reviewers and inspectors to enforce the code. When properly completed, these forms will show compliance or noncompliance. A complete set of lighting forms are located under NREC Lighting Compliance Forms.
Lighting designers should always keep in mind that, while it is necessary to design a lighting system that addresses the requirements of this chapter, other needs are also important. Lighting design is a complex process and requires attention to issues such as aesthetics, illumination levels, brightness, contrast, glare and client requirements and concerns. Nonetheless, the NREC establishes a power budget that can be met using innovative designs to achieve fully acceptable lighting levels.

	NOTE
	See NREC 1132.3 for information on when and how the lighting chapter of the NREC affects tenant improvements.





[bookmark: _Toc298158335]Summary of Requirements

The NREC requires nonresidential and multi-family buildings to:
Comply with a set of general lighting controls requirements.
Comply with a set of daylighting controls requirements.
Comply with either the prescriptive or Lighting Power Allowance (LPA) compliance options for interior lighting to demonstrate that interior lighting power consumption is within guidelines.
Comply with the LPA compliance option for exterior lighting to demonstrate that exterior lighting power consumption is within guidelines. (Prescriptive option is not available for exterior lighting.)


	Option
	Advantages
	Disadvantages

	Prescriptive
	May save design time
Saves code compliance calculation time
	Not flexible
Potentially higher cost because there may be more fixtures and the fixtures required are often more expensive than other options.

	Lighting Power Allowance
	Flexible design
Potentially lower cost because the lighting may be accomplished with fewer and lower cost fixtures than the prescriptive approach.
	More design time
More code compliance calculation time



Table #15-1 – Prescriptive vs. LPA Lighting Compliance Options
As an alternative to the prescriptive or LPA lighting compliance options, the systems analysis approach, in which the lighting, building envelope, and mechanical systems are considered together rather than as separate systems, may be applied.  Instructions for this approach are covered in the appendix Reference Standard 29 – Non-Residential Building Analysis By Systems Analysis.

[bookmark: _Toc298158336]Exempt Lighting – NREC 1512

The intent of the lighting NREC is to reduce the amount of energy used to illuminate a space. In most cases the amount of energy required for illumination can be reduced without reducing the quantity or quality of light. However in certain situations there are factors that take priority over lighting energy efficiency. 
Safety related lighting such as for high security areas and lighting integral to machinery or medical and laboratory equipment.
Special purpose lighting used for its thermal properties or lighting spectrum such as for food warming or indoor plant growth. 
Special purpose lighting used specifically for effects such as for theatrical productions and lighting in galleries.
For these reasons there are exemptions to the NREC compliance requirements as described below. These exemptions apply to an area where a particular task is undertaken or to a specific type of equipment. Exemptions are independent of general area lighting. They do not usually apply to a whole building, unless that whole building involves the task or equipment that is exempt. 
These exemptions do not apply to lighting and daylighting controls. Exceptions for controls are covered under NREC 1513. These exemptions apply to interior lighting only. Exemptions for exterior lighting and controls are defined under NREC 1532.
Note that the use of these exemptions is at the option of the applicant. A building may have spaces or equipment that would qualify for these exemptions but their inclusion in the lighting power consumption calculation may be beneficial.
When in doubt about these exemptions, ask your local building official for an interpretation. The building official has final approval of exemptions.
[bookmark: _Toc297150838][bookmark: _Toc298158337]Exempt Spaces – NREC 1512.1
[bookmark: _Hlt518464236]
For exempt spaces only the lighting wattage allowances are excluded. The exemptions apply only to rooms, spaces or areas where the exempt activity is the primary use of the space. When calculating the area of the building or tenant improvement, the area of the exempt space is excluded.
1. High risk security areas or other areas that need more lighting for safety – The application of this exemption is for special circumstances. As a general guideline, high risk areas are areas that have been approved by the local building official as a safety risk. For example, prisons may be high risk areas.

2. Spaces designed for primary use by the visually impaired or hard of hearing – The key detail is that this exemption applies only to primary use areas. This exemption does not apply to general use areas that are also used by those who are visually impaired or hard of hearing. “Staff oriented areas” are also not exempt. Examples of primary use areas would be classrooms in a school for the visually or hearing impaired. General use would be a classroom in a regular school where visually or hearing impaired students might be in attendance. A day room in a nursing home would be a primary use but a multi-purpose room in a community center would be a general use.

3. Electrical/mechanical equipment rooms – In large open spaces, this includes only the portions of the space that are directly associated with the mechanical and electrical equipment.

4. Sanctuary portion of houses of worship – This is defined as the space or room in which worship services take place. Classroom, office spaces, meeting rooms and multipurpose rooms that are part of the same facility are not exempt.

[bookmark: _Toc297150839][bookmark: _Toc298158338]Exempt Lighting Equipment – NREC 1512.2

For exempt lighting equipment, the wattage of exempt fixtures is not counted in the lighting power allowance. Note that only the wattage is exempt, therefore this lighting equipment shall comply with all other requirements of this Code. The space in which the equipment is located is not an exempt space. The NREC language that defines exempt lighting equipment is generally narrow and specific.	
1. Special lighting needs for research – This includes only the wattage for special illumination needs and not the entire research lab. For instance, task lighting in the area of an experiment that needs to be on specific hours or at specific intensities would be exempt but the general illumination in the space is not exempt. Use of a portion of the lamps in a multi-lamp fixture shall be permitted provided these lamps have an independent control device. 
2. Emergency lighting that is automatically OFF during normal building operation – This includes emergency and exit lighting as required by building and fire code officials.
3. Lighting that is a part of a machine, equipment, or furniture – For example, a task light that is integral and necessary for safe operation of a piece of manufacturing or medical equipment.
4. Lighting that is used solely for indoor plant growth during the hours of 10 p.m. to 6 a.m. – This covers lighting that has no other purpose but for indoor plant growth. This lighting is not exempt unless it is in addition to general area lighting, is located in a separate fixture, and is controlled by an independent control device. High intensity discharge lamps are typically used.
5. Lighting for theatrical productions, television broadcasting, and special effects for stage areas and dance floors in entertainment facilities – This exemption covers only the lighting equipment used for these operations. This lighting is not exempt unless it is in addition to general area lighting, is located in a separate fixture, and is controlled by an independent control device. Note that sporting facilities are included under the television broadcasting category. 
6. Lighting in galleries, museums and in main building entry lobbies for exhibits, inspection and restoration – This lighting is not exempt unless it is in addition to general area lighting, is located in a separate fixture, and is controlled by an independent control device. Lighting for inspection and restoration includes only those areas that are known and documented on the plans as designated for this purpose. Art galleries primarily for the retail sale of art are retail and are not eligible for this exemption.
7. Lighting specifically designed for use during medical or dental procedures and lighting integral to medical equipment – This applies to lighting in medical or dental procedure areas that require high illumination levels to safely perform these tasks. This lighting is not exempt unless it is in addition to general area lighting, is located in a separate fixture, and is controlled by an independent control device. Use of a portion of the lamps in a multi-lamp fixture shall be permitted provided these lamps have an independent control device.
8. Lighting integral to food warming equipment or specifically for food preparation – This applies to lighting in commercial kitchens where food is sliced, chopped, boiled, deep-fried, or otherwise processed using equipment that require high illumination levels for safety. This lighting is not exempt unless it is in addition to general area lighting, is located in a separate fixture, and is controlled by an independent control device. 
9. Audio-visual and video-conferencing lighting – This lighting must have multilevel or dimming controls. Audio-visual equipment or video-conferencing equipment must be permanently installed in the room that this lighting is located.
10. Permanently installed under shelf or under counter lighting – To be eligible for this exemption this lighting equipment must have at least one of the following means of control. It shall have an automatic shut-off control device that is either integral to or directly attached to the fixture, or it shall be controlled by a wall-mounted occupancy control device that turns off the fixture when the space it serves is unoccupied. This exemption and requirements also apply to lighting fixtures that are integral to office furniture where if you move the furniture, the lighting moves with it and it applies whether the fixtures are hard-wired or plugged in. Plug strips with occupancy controls will satisfy this requirement.
11. Lighting used for aircraft painting – This exemption only applies to general area lighting and specific task lighting located in the area where aircraft painting occurs. It does not apply to lighting located in adjacent work or support areas. 

	NOTE
	While a wall mounted occupancy sensing device meets this requirement, there are many types of spaces where it would not function properly. If the furniture partitions are such that they block the view between a person and the wall sensor, they will not perform their intended function.



[bookmark: _Toc297150840][bookmark: _Toc298158339]Lighting Controls – NREC 1513

For all nonresidential buildings, the NREC establishes lighting control requirements in the following design categories:
Local control and accessibility
	Area controls
	Daylight zone control
	Display, exhibition, and specialty lighting control
	Automatic shut-off controls, exterior and interior
	Occupancy sensors
	Automatic time switches
	Commissioning

These requirements for all lighting must be met regardless of the compliance option used. 
[bookmark: _Toc317382903][bookmark: _Toc318609781][bookmark: _Toc110693467][bookmark: _Toc297150841][bookmark: _Toc298158340][bookmark: _Hlt519869855]
Local Control and Accessibility – NREC 1513.1

This requirement was developed to reduce lighting energy use in unoccupied rooms. If controls are accessible and service a limited area, it is more likely that lights will be turned off when not needed.
	NREC 1513.1 Requirements
	Provide lighting controls within each space enclosed by walls or ceiling-height partitions that are both:
1. Capable of turning off all lights in the space either by a single switch or a multiple switch, and
2. Readily accessible at the point of entry or exit to personnel occupying or using the space.

	NREC 1513.1 Exceptions
	The following lighting controls may be centralized in a remote location:
· Lighting controls for spaces which must be used as a whole such as a theater or a building lobby
· Automatic controls 
· Controls requiring trained operators, such as in a manufacturing facility where heavy machinery is used
· Controls for safety hazards and security, such as in a prison or a nuclear power plant.

	NOTE
	Automatic controls would include a multi-scene preset system in an auditorium or conference room, software systems that sense occupancy or are time-programmed and may also be controlled with desktop computers or hand-held devices.





[image: 61C]

Figure #15-1 - Local Control

[bookmark: _Toc297150842][bookmark: _Toc298158341]Area Controls – NREC 1513.2

	NREC 1513.2 Requirements
	A single switch or automatic control may control lighting power less than or equal to 16 amps (80% of 20 amps).
A master controller over the individual area controls is acceptable if the individual switches retain their capability to function independently. Circuit breakers may not be the sole means of switching.

	NREC 1513.2 Exceptions
	Industrial or manufacturing process areas, as may be required for production.
Areas less than 5% of the building footprint for footprints over 100,000 ft2. This exemption was developed for very large buildings such as a large airplane production facility.


	[bookmark: _Toc317382905][bookmark: _Toc318609783][bookmark: _Toc110693469]NOTE
	In a large industrial plant, you are allowed to have fewer than one switch per circuit but the area to be controlled by that one switch cannot exceed 5% of the total area.


[bookmark: _Toc297150843]



[bookmark: _Toc298158342][bookmark: _Hlt518651850][bookmark: _Hlt518651659]Daylight Zone Control – NREC 1513.3

Daylight zones are areas that receive daylight through glazing, either directly or indirectly. This requirement recognizes the role that natural light plays in reducing the need for electric lighting and its related energy use.
Daylight zones occur under overhead glazing and adjacent to vertical glazing elements. Each has specific boundaries as defined in NREC Chapter 2.
Daylighted Zone Under Overhead Glazing
Figure #15-2 below demonstrates the boundaries of the daylight zone under overhead glazing. This daylighted area is calculated by combining the area of the overhead glazing element (in square feet) plus one of the following, whichever is least:
· Distance equal to 70% of the floor to ceiling height
· The dimension to a ceiling height partition. 
· One-half the distance to adjacent overhead or vertical fenestration.
[image: C:\Users\Christine\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\Daylit Zone Overhead.jpg]
Figure #15-2 - Daylighted Zone Under Overhead Glazing
 (
Daylighted Zone 
At
 Vertical Glazing
Figure #15-4
 demonstrates the boundaries of the daylight zone adjacent to vertical glazing. Note that there are primary and secondary daylighted zones. The primary daylight zone is calculated by multiplying the window head height by one of the following, whichever is least:
Width of th
e window plus an additional two 
feet on either side.
Width of the window plus one-half the distance to adjacent overhead 
or  vertical
 glazing.
The secondary daylight zone extends further into the space from the edge of the primary zone. It is calculated by multiplying the window width as described above, by one of the following for depth, whichever is least:
Two times the window head height.
Up to the nearest ceiling height opaque partition.
)[image: C:\Users\Christine\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\Overhead and Vertical Glazing Sketch.jpg]
 (
Figure #15-3 – Overhead 
(Horizontal) vs. Vertical Glazin
g
)




	NOTE
	Regardless of whether the glazing is a clerestory or larger vision glazing, the head height (distance from the floor to the top of the window) determines the depth of the daylight zone (refer to Figure #15-4).



[image: ]
Figure #15-4 – Daylighted Zone at Vertical Glazing



	NOTE
	[bookmark: _Toc317382907]Vertical Glazing is a glazing surface that has a slope of 60 degrees or greater from the horizontal plane. Horizontal glazing is between 0-60 degrees from the horizontal plane. Refer to Figure #15-3




Daylight sensing controls, also referred to daylighting controls, are devices that automatically regulate the power input to electric lighting near the glazing to maintain the desired workplace illumination. 
There are a variety of exceptions to daylighting controls. All spaces and lighting equipment exempted under NREC 1512 are not required to have daylighting controls for similar reasons as outlined under NREC 1512 above. In addition, there are exceptions for situations where daylighting controls would provide nominal energy savings value or would be redundant to other lighting control requirements. 
Note that most exceptions are independent of general area lighting. Daylighting control exceptions that do apply to general area lighting have either requirements for occupancy sensor controls or automatic shut-off controls, or are located in safety risk areas.
Additional information is available in an NREC Fact Sheet on Daylighting Controls, which is available on the NEEC website: www.NEEC.net.
	NREC 1513.3 Requirements
	All daylight zones shall be provided with the means of controlling electric lighting within these zones independent of general area lighting. In general, all permanent luminaires located within daylight zones shall be controlled by automatic daylight sensing controls. 
There are a few exceptions where occupancy sensors or individual lighting controls may be used in lieu of daylight sensing controls. These exceptions are described in this section and also apply to lighting exempted in NREC 1512. 
There are three primary requirements for automatic daylight sensing controls (must comply with all three).
1. They must be capable of regulating the power input to the electric lighting fixtures to reduce their light output while maintaining a uniform level of illuminance within the space.
2. They must have time-delay circuits that prevent light level adjustments from occurring in less than three-minute intervals (also referred to as short cycling).
3. They only control luminaires within the daylight area. This includes primary and secondary daylight zones adjacent to vertical glazing and daylight zones under overhead glazing. All daylight zone areas (primary, secondary, overhead) shall be controlled separately from each other.
Time switches installed to override the automatic daylighting controls shall comply with all criteria defined in NREC 1513.6.2. 
Approved methods of regulating lighting fixture power input and therefore light output include:
· Continuous dimming to at least 20% light output.
· Step switching of each individual lamp in multiple lamp fixtures. Switching of alternate fixtures within the zone is only allowed with single lamp fixtures. 
· Step dimming by reducing the output of all of the lamps in individual luminaries by at least 50% and provide an automatic OFF control.


	NREC 1513.3 Exceptions
	· Retail spaces adjacent to vertical glazing. Retail spaces under overhead glazing are NOT exempt.
· Lighting exempted by NREC 1512.
· Display, exhibition and specialty lighting that are controlled independently of general area lighting (NREC 1513.4).
· Small spaces in the daylighted zone that are normally unoccupied AND have occupancy sensor controls. This applies to spaces such as storage rooms or restrooms that have a window.
· Rooms less than 300 square feet that have occupancy sensor controls.
· Conference rooms 300 square feet and larger that have a lighting control system with at least four scene options AND occupancy sensor controls.
· HID lamps with automatic controls that are capable of reducing the power consumption be at least 50%. 
· HID lamps 100 watts or less.



	

	NOTES
	Because step dimming only has to reduce the output to 50%, and the next lower function would OFF, the OFF function is required in the event that there is sufficient daylight to be adequate without electric light. Under continuous dimming, because the light can be reduced to 20%, fixtures do not have to go all the way off if daylight levels are high.
	
Contiguous daylight zones adjacent to vertical glazing are allowed to be controlled by a single controlling device provided that they do not include zones facing more than two adjacent cardinal orientations (i.e. north, south, east, west).



[bookmark: _Toc297150844][bookmark: _Toc298158343]Display, Exhibition and Specialty Lighting – NREC 1513.4

Lighting needs for displays, exhibitions, and specialty situations do not always coincide with those for adjacent areas, so special controls are required. 
	NREC 1513.4 Requirements
	All display, exhibition and specialty lighting shall be controlled independently of general area lighting.


[bookmark: _Toc297150845][bookmark: _Toc298158344]Automatic Shut-off Controls, Exterior – NREC 1513.5

Unmanaged exterior lighting can be an over-looked consumer of energy. Exterior lighting should be managed so that it only operates when needed. This requires controls that respond to the absence of daylight. 
	NREC 1513.5 Requirements
	Lighting for all exterior applications shall have automatic controls capable of turning off exterior lighting when sufficient daylight is available or when the lighting is not required during nighttime hours. 
Lighting designated for dusk-to-dawn operation shall be controlled by either a photosensor or an astronomical time switch. Lighting NOT designated for dusk-to-dawn operation shall be controlled by either a combination photosensor and a time switch, or an astronomical time switch. All time switches shall be capable of retaining programming and the time setting during loss of power for a period of at least 10 hours.


	NREC 1513.5 Exceptions
	Lighting for covered vehicle entrances or exits from buildings or parking structures when needed for safety, security, or eye adaptation.




[bookmark: _Toc297150846][bookmark: _Toc298158345]Automatic Shut-off Controls, Interior – NREC 1513.6

It is intuitive to turn off interior lighting when a building is vacated. However it is common for an occupant to leave a building and not turn of all the lights because they do not know if all occupants have left or will not be returning later in the evening. Another common scenario is the nighttime cleaning crew who turn the interior lighting on to complete their tasks and then do not turn the lights off when they leave. Automatic sweep shut-off of interior lighting is a reliable way to make sure that interior lighting is not inadvertently left on when the building is unoccupied. 
	NREC 1513.6 Requirements
	All buildings shall be equipped with separate automatic controls to shut off the lighting in all spaces during unoccupied hours. 
The following shall be equipped with occupancy sensors that comply with NREC 1513.6.1:
· Office areas less than 300 ft2 that are enclosed by walls or ceiling-height partitions
· Meeting and conference rooms 
· School classrooms
· Warehouse and storage spaces

For other spaces, automatic controls may be an occupancy sensor, time switch or other device capable of automatically shutting of lighting. 


	NREC 1513.6 Exceptions
	· Areas that must be continuously illuminated (such as 24-hour convenience stores), or illuminated in a manner requiring manual operation of the lighting.
· Emergency lighting and means of egress lighting that are automatically OFF during normal building operating hours.
· Switching for industrial or manufacturing process facilities as required for production.
· 24-hour occupancy areas in hospitals and laboratories.
· Areas where medical or dental tasks are performed are exempt from just the occupancy sensor requirements.
· Dwelling units



[bookmark: _Toc297150847][bookmark: _Toc298158346]Occupancy Sensors – NREC 1513.6.1

This section defines the requirements for occupancy sensors where cited in the requirements for daylighting controls and automatic shut-off controls.
	NREC 1513.6.1 Requirements
	Occupancy 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.
Fixtures controlled by occupancy sensors shall have a wall-mounted manual switch that can turn off lights when the space is occupied. 

	NREC 1513.6.1 Exceptions
	Occupancy sensors in stairwells are allowed to have two-step lighting control (high-light and low-light) provided the control fails in the high-light position.


[bookmark: _Toc297150848][bookmark: _Toc298158347]Automatic Time Switches – NREC 1513.6.2

This section defines the requirements for automatic time switches where cited in the requirements for automatic shut-off controls.

	NREC 1513.6.2 Requirements
	Automatic time switches shall have a minimum 7-day clock. This shall be capable of being set for 7 different day types per week and incorporate an automatic holiday "shut-off" feature, which turns off all loads for at least 24 hours and then resumes normally scheduled operations. Automatic time switches shall also have program back-up capabilities if power is interrupted that prevent the loss of program and time settings for at least 10 hours.
Automatic time switches shall incorporate an over-ride switching device which meets all of the following requirements:
· Readily accessible
· Located so that a person using the device can see the lights or the areas controlled by the switch, or so that the area being illuminated is annunciated.
· Manually operated
· Allows the lighting to remain on for no more than 2 hours when an over-ride is initiated.
· Controls an area not exceeding 5,000 ft2 or 5% of footprint for footprints over 100,000 ft2, whichever is greater.



[bookmark: _Toc297150849][bookmark: _Toc298158348]Lighting Controls (Hotels and Motels) – NREC 1513.7

This section applies specifically to hotel and motel guest rooms. When a guest room is not occupied, lighting controls near the entry/exit door are required to turn off all permanently installed lighting fixtures and switched receptacles that non-permanent fixtures are plugged into. 
	NREC 1513.7 Requirements
	Hotel and motel guest rooms and guest suites shall have a master control device at the main room entry that controls all permanently installed luminaires and switched receptacles. 
For hotels and motels with over 50 guest rooms, this master control shall also meet one of the following control technologies such that all the power to the lights and switched outlets would be turned off when the occupant is not in the room:
Controls that are activated by the room occupant via the primary room access method: key, card, deadbolt, etc.
Occupancy sensor controls that are activated by the occupant's presence in the room.


	NOTES
	All hotel rooms require a master on/off switch to control hardwired lighting and switched outlets. In larger hotels and motels (over 50 rooms) they must also automatically turn off the power if the room is vacant.

Although occupancy sensors are acceptable to meet code, a vacancy sensor that has a manual "on" and automatic “off” would be preferable so that lights are not turned on unnecessarily at night when an occupant may not want them to go on.



[bookmark: _Toc297150850][bookmark: _Toc298158349]Commissioning Requirements – NREC 1513.8

Commissioning provides a means of confirming that systems have been installed and operate per the design intent. Commissioning is required for all lighting controls regardless of the size of the lighting project. 
	NREC 1513.8 Requirements
	Lighting controls such as, daylight or occupant sensing controls, automatic shut-off controls, occupancy sensors, and automatic time switches shall be tested to ensure that the control devices, components, equipment and systems are calibrated, adjusted, and operate according to the approved plans and specifications. In addition, the sequences of operation shall be functionally tested to ensure performance per the approved plans and specifications.
A commissioning compliance checklist is provided in NREC 1416 that includes a section on lighting controls functional testing. NREC 1416 includes information about required commissioning scope, documentation, reporting and training that applies to both mechanical systems and lighting controls.
Optional examples of approved test methods and forms are available in Reference Standard 34 - Optional Acceptance Requirements for Non-Residential Buildings, SBCC 2009.


[bookmark: _Toc297150851][bookmark: _Toc298158350]Exit Signs – NREC 1514 

	NREC 1514 Requirements
	Exit signs shall have an input power demand of 5 watts or less per sign.


[bookmark: _Toc297150852][bookmark: _Toc298158351]Prescriptive Lighting Option – NREC 1520

In order to simplify lighting power compliance for interior lighting, an uncomplicated option was developedthe Prescriptive option. This option allows an unlimited number of lighting fixtures in a space as long as they comply within the narrow scope defined in this section. This scope includes specific criteria for the type of fixtures allowed and limitations to the type of space. The designer selects the verification box on the prescriptive section of the compliance form, identifies any exemptions taken, documents compliance of all applicable requirements for lighting controls and commissioning, and provides a lighting schedule. No other calculations are required.
The Prescriptive option is applicable to interior lighting only. The Prescriptive option cannot be combined with the Interior Lighting Power Allowance (LPA) option in a single building or a single tenant in a multi-tenant building. Lighting power compliance for exterior lighting must always use the LPA option as defined in NREC 1532. 

	NOTE
	When using the Prescriptive option, a lighting schedule is still required and all applicable lighting controls requirements must be met.


[bookmark: _Toc297150853]
[bookmark: _Toc298158352]Prescriptive Interior Lighting Requirements – NREC 1521 

	NREC 1521 Requirements
	The prescriptive option is limited to spaces listed in Table 15-1 with a Lighting Power Allowance of 0.80 Watts per ft2 or greater. The number of fixtures and lighting energy allowed to be used in a space is unlimited providing that the fixtures meet all of the following four criteria:
· The fixtures are fluorescent with 1 or 2 lamps, not 3 or more.
· Luminaires have a reflector or louver assembly to direct the light (bare lamp strip or industrial fixtures do not comply with this section).
· Fitted with lamps that are type T1, T2, T4, T5, T8, or compact fluorescent lamps from 5-60 watts (excluding the ballast input wattage), but not T-6, T-10, or T-12 lamps.
· Hard-wired fluorescent electronic dimming ballasts with photocell or programmable dimming control for all lamps in all zones. Non-dimming electronic ballasts or electronic ballasts that screw into medium base sockets do not comply with this section.

Track lighting is not allowed under this path.


	NREC 1521 Exceptions
	· Up to 5% of the installed lighting fixtures are not required to have dimming controls  and may use any type of ballasted lamp.
· Clear safety lenses can be used in food prep areas, serving areas, and patient care areas for fixtures that are otherwise compliant.
· LED lights
· Metal halide lighting which complies with all three of the following criteria:
· luminaires or lamps with a reflector or louver assembly to direct the light;
· fixtures are fitted with ceramic metal halide lamps not exceeding 150 watts; and 
· electronic ballasts.


	NOTE
	LEDs are exempt meaning you can use any quantity you want under this exception.  The code does not distinguish between screw-base LED lamps and dedicated LED fixtures.


 (
Metal halide
 is a type of high intensity discharge (HID) lamp. An HID lamp creates illumination by an electric arc, rather than an incandescent filament. The metal halide lamp uses metal halide compounds in the gas mixture that fills the arc tube.
) (
Fluorescent lamps
 are available in a variety of shapes and sizes. The T1, T2, T4, T5 and T8 designations refer to the diameter of the lamp tube in eighths of an inch. For example, a T8 lamp has a tube that is 8/8’s of an inch (1 inch) in diameter. See 
Figure #15-5—Fluorescent Lamp Sizes
. Compact fluorescent lamps are an energy-efficient, long-lasting alternative to incandescent lamps. Compact fluorescent lamps have excellent color rendering and are available in a variety of sizes, shapes, and wattages to meet many design applications. They do, however, contain mercury so they must be properly disposed of.
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Figure #15-5: Fluorescent Lamp Sizes

LED lamps are solid-state lamps that use light-emitting diodes as the source of light. Since the light output of individual diodes is small compared to compact fluorescent lamps, multiple diodes are often used together. 
Electronic ballasts are more energy efficient than electromagnetic ballasts. Electronic ballasts control lamp voltage and current using electronic circuits. All electronic ballasts take incoming 60 Hz power (120 or 277 volts), and rectify and convert it to high frequency (usually 20 to 40 kilohertz).
[bookmark: _Toc297150854]
[bookmark: _Toc298158353]Lighting Power Allowance Option – NREC 1530
The Lighting Power Allowance (LPA) option offers the designer more latitude in selecting lighting fixtures than with the Prescriptive option. For interior lighting the LPA option may be used instead of the Prescriptive option, but LPA cannot be used in combination with the Prescriptive option. For plans not meeting the prescriptive criteria for interior lighting, the LPA is the only other option available to verify lighting compliance. For exterior lighting, the LPA option is the only compliance option available. No credit towards LPA compliance is allowed for the use of lighting controls, automatic or otherwise.
For the LPA method, the designer calculates the maximum allowable wattage for all applicable spaces for the interior lighting calculation, or all applicable surfaces for the exterior lighting calculation plus a base site allowance. This is called the “target LPA” or “target maximum lighting wattage.” This target is then compared to the actual wattage based on the specified fixtures. Note that lighting fixture wattage includes the lamp and ballast wattage. If the actual wattage is equal to or less than the target, then the lighting is in compliance. 
The actual lighting wattage for each interior use shall be calculated separately and then summed to obtain the building interior total. Similarly, the actual lighting wattage for each exterior surface described under Tradable Surfaces shall be calculated separately and then summed to obtain the building exterior total plus the base site allowance. Non-tradable surfaces are specific values for the areas described and are “use it or lose it”. They cannot be combined together with other areas. Exit signs are not included in either the interior or exterior LPA calculations as long as they are 5-watts or less. Exit lighting that is normally “off” is not included in interior or exterior LPA calculations. In cases where a lighting plan for a portion of a building is submitted, the LPA calculation shall match on the interior floor area or exterior surface area covered by the permit.

	NOTES
	Lighting power allowances for interior and exterior lighting may not be added together. Compliance must be verified separately for each.
[bookmark: _Hlt518652704][bookmark: _Hlt518652707][bookmark: _Hlt519869976]Some specific spaces or lighting equipment may be exempt from LPA limits when determined by the Plans Examiner to meet the requirements of NREC 1512.1, NREC 1512.2 or the exceptions in NREC 1532. 



Many jurisdictions require that the interior and exterior lighting power allowance information be provided using the NREC Lighting Compliance Forms.  These forms include:
· ReadMe - Instructions for Electronic Forms
· PRJ-SUM - Project Summary Information
· LTG-INT - Interior Lighting Summary for LPA Calculations
· LTG-EXT - Exterior Lighting Summary for LPA Calculations
· LTG-LPA - Lighting Power Allowance Adjustments
· LTG-CHK - Lighting, Motor, and Transformer Permit Plans Checklist

A technical webinar that provides instructions for completing these forms is available on the Northwest Energy Efficiency Council website: www.NEEC.net.
.
	NREC 1530 Requirements
	Installed (actual) interior luminaire wattage shall be calculated in accordance with the following criteria:

· The wattage of line voltage fixtures shall be the maximum labeled wattage of the luminaire. This is regardless of lamp type.
· The wattage of luminaires with remote transformers shall be the maximum rated wattage of the transformer.
· For line voltage track and plug-in busway, designed to allow the addition and/or relocation of luminaires without altering the wiring of the system, the wattage shall be:

· The specified wattage of the luminaires included in the system with a minimum of 50 watts per lineal foot of track or actual luminaire wattage, whichever is greater; OR
· The wattage limit of permanent current limiting device(s) on the system.

· The wattage of low-voltage lighting track, cable conductor, rail conductor, and other flexible lighting systems that allow the addition and/or relocation of luminaires without altering the wiring of the system shall be the specified wattage of the transformer supplying the system.
· The wattage of all other miscellaneous lighting equipment shall be the specified wattage of the lighting equipment.



[bookmark: _Toc297150855][bookmark: _Toc298158354]Interior Lighting Power Allowance – NREC 1531 

Lighting power allowances for various interior uses, or space types, are provided in NREC Table 15-1 Unit Lighting Power Allowances (LPA).  The applicable LPA is multiplied by the gross interior floor area of the space, which is also referred to as the usable floor area. This area is the actual area to be occupied on a floor or in a tenant suite. It is measured from the finished surface of the tenant side of the corridor and other permanent walls, to the center of partitions that separate the tenant space from adjoining usable areas and to the finished surface of the dominant portion of the permanent outer building walls. No deductions are made for columns and projections necessary to the building; however, it does not include major vertical penetrations which serve more than one floor, such as stairs, elevator shafts, vertical ducts and the like, and their enclosing walls. The Building Owners and Managers Association (BOMA) and the International Conference of Building Officials (ICBO) both use this definition. 
For some uses, additional lighting wattage may be allowed depending on the configuration of the space or its specifically intended use. Additional allowances are defined in the footnotes of NREC Table 15-1.
	NREC 1531 Requirements
	The interior LPA for each use, or space type, shall be calculated by multiplying the gross interior floor area (in square feet) by the allowed watts per square foot value for that space type as specified in NREC Table 15-1. Accessory uses, including corridors, lobbies and toilet facilities shall be included with the primary use.
The LPA for each use shall be separately calculated and summed to obtain the total interior LPA for the building. 
In cases where a lighting plan for only a portion of a building is submitted, the interior lighting power allowance shall be based on the gross interior floor area covered by the plan. Plans submitted for shell and core type projects that cover common areas only, such as corridors, lobbies and toilet facilities, shall use the LPA designated for “Common Areas Only” at the end of NREC Table 15-1.
When insufficient information is known about the specific use of the space, the LPA shall be based on the apparent intended use of the space.  If the specific use of the space is known but is not listed in NREC Table 15-1, consult the local jurisdiction to select a comparable LPA that is appropriate for the space use.


[bookmark: _Toc297150856]
NREC TABLE 15-1
UNIT LIGHTING POWER ALLOWANCE (LPA)

	Use1
	LPA2 (W/ft2)

	Automotive facility
	0.85

	Convention center
	1.10

	Courthouse
	1.10

	Cafeterias, fast food establishments5, restaurants/bars5
	1.20

	Dormitory
	0.85

	Dwelling units
	1.00

	Exercise center
	0.95

	Gymnasia9, assembly spaces9
	0.95

	Health care clinic
	1.00

	Hospital, nursing homes, and other Group I-1 and I-2 Occupancies
	1.20

	Hotel/motel
	1.00

	Laboratory spaces (all spaces not classified “laboratory” shall meet office and other appropriate categories)
	1.62

	Laundries
	1.20

	Libraries5
	1.20

	Manufacturing facility
	1.20

	Museum
	1.00

	Office buildings, office/administrative areas in facilities of other use types (including but not limited to schools, hospitals, institutions, museums, banks, churches)5,7,11
	0.91

	Parking garages
	0.20

	Penitentiary and other Group I-3 Occupancies
	0.90

	Police and fire stations
	0.90

	Post office
	1.00

	Retail10, retail banking, mall concourses, wholesale stores (pallet rack shelving)
	1.33

	School buildings (Group E Occupancy only), school classrooms, day care centers
	1.00

	Theater, motion picture
	0.97

	Theater, performing arts
	1.25

	Transportation
	0.80

	Warehouses
	0.50

	Workshop
	1.20

	
	

	Plans Submitted for Common Areas Only7
	

	Main floor building lobbies3 (except mall concourses)
	1.10

	All building common areas, corridors, toilet facilities and washrooms, elevator lobbies, including Group R-1 and R-2 Occupancies
	0.80



Footnotes to NREC Table 15-1 provide additional lighting wattage allowances for specific space uses.  If the designer intends to utilize these additional allowances, they shall be accounted for in the NREC Lighting Compliance Forms.  The additional lighting wattage is calculated using the Lighting Power Allowance Adjustments form (LTG-LPA). Note allowances being applied on the Interior Lighting Summary for LPA Calculations form (LTG-INT).
The following are explanations for these footnotes and associated topics:
1.	Specific areas not mentioned in NREC Table 15-1 – In this case the unit LPA would officially be determined by the building official. The intent is that the determination be based on the most comparable use listed in the table. (Footnote 1) 
2.	Ceiling heights above 20 feet – The maximum allowable LPA may be increased by 2% per foot of ceiling height for each foot above 20 feet for all buildings. This doesn’t apply if footnotes 3 or 4 are used. (Footnote 2) Use the tab labeled LTG-LPA in the energy code compliance form to calculate the additional allowance. Use the same page for footnote 3. 
3.	Main floor building lobbies (except concourses) – Where ceiling heights exceed 12 feetthe maximum allowable LPA may be increased by 2% per foot above 12 feet. (Footnote 3)
4.	For all other spaces, such as seating and common areas, use the Unit LPA for assembly. (Footnote 4) This footnote is no longer relevant and will be removed in the next cycle. 
5.	Applies to fast food establishments, restaurants/bars, libraries, office/administrative areas in facilities of other use types – Where ceiling heights exceed 9 feet, the maximum allowable LPA may be increased by 2% per foot above 9 feet. (Footnote 5)
6.	Applies to office and conference spaces in facilities that are of another primary use – For conference rooms and offices less than 150 ft2 with full-height partitions, a Unit LPA of 1.1 W/ft2 may be used. (Footnote 7)
7.	Gymnasia and assembly spaces – For indoor sport tournament courts with adjacent spectator seating over 5,000, the Unit LPA for the court area is 2.60 W/ft2. (Footnote 9)

8.	Retail – Display window illumination installed within 2 feet of the window, provided that the display window is separated from the retail space by walls or at least three-quarter-height partitions (transparent or opaque) and lighting for freestanding display where the lighting moves with the display are exempt. 

An additional LPA is allowed for merchandise display luminaires installed in retail sales areas that are specifically designed and directed to highlight merchandise. 
		
The following additional lighting power allowances apply: 
	i.    0.6 W/ft2 of sales floor area not listed in items ii and iii; 
	ii.   1.4 W/ft2 of furniture, clothing, cosmetics or artwork floor area; or 
	iii. 2.5 W/ft2 of jewelry, crystal or china floor area. 
The specified floor area for items i, ii, or iii above, and the adjoining circulation paths shall be identified and specified on building plans. Calculate the additional LPA by multiplying the LPA by the sales floor area for each department excluding major circulation paths. The total additional LPA is the sum of allowances for sales categories i, ii, or iii plus an additional 1,000 watts for each separate tenant larger than 250 ft2 in area. 
	NOTE
	Although the text in the Code states “i, ii, OR iii,” the interpretation of this allowance is “i, ii, AND iii.”  A correction is anticipated.







The additional lighting wattage is allowed only if the merchandise display luminaires are located on ceiling-mounted track or directly on or recessed into the ceiling itself (not on the wall); AND are adjustable in both the horizontal and vertical axes (vertical axis only is acceptable for fluorescent and other fixtures with two points of track attachment). In addition, this additional lighting power is allowed only if the lighting is actually installed and automatically controlled, separately from the general lighting, to be turned off during non-business hours. This additional power shall be used only for the specified luminaires and shall not be used for any other purpose. It is a “use it or lose it” allowance. (Footnote 10)

	NOTE
	Footnote 11 is intended to apply to Warehouses as described above, however this footnote was omitted in the Code text.  A correction is anticipated.


9.	Warehouses – Provided that a floor plan, indicating rack location and height, is submitted, the square footage for a warehouse may be defined, for computing the interior LPA, as the floor area not covered by racks plus the vertical face area (access side only) of the racks. The height allowance defined in Footnote 2 applies only to the floor area not covered by racks. (Footnote 11)



10.	School buildings, school classrooms, day care centers – School buildings are defined in the State Building Code as a Group E occupancy. For Group E buildings with multiple uses only, the designer has the choice of using 1.0 W/ft2 for the entire facility, or separately calculating the LPA for individual spaces separately listed in Table 15-1. This does not include occupancies that are other than Group E occupancies, even if part of a school.
11.	Office/administrative areas in facilities of other use types – Includes, but is not limited to, schools, hospitals, institutions, museums, banks, churches and warehouses. 
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Exterior Lighting Power Allowance – NREC 1532 

The total exterior lighting power allowance is calculated based on three criteria. The first step is to identify the specific exterior lighting zone that the building site is located within. Exterior lighting zones are based on population density. In areas of low density, the impact of exterior lighting from a single site on the local night sky can be significant. In densely populated areas, evening ambient light levels are generated by the exterior lighting of multiple adjacent sites collectively. Therefore allowable exterior lighting densities are based on the average ambient light level for that lighting zone. There are four zones to choose from as defined in NREC Table 15-2A - Exterior Lighting Zones. The authority having jurisdiction designates which zone applies to the specific site. 
· Zone 1 – Developed area of national parks, state parks, forest areas.
· Zone 2 - Areas predominantly consisting of residential zoning, neighborhood business districts, light industrial with limited nighttime use and residential mixed areas.
· Zone 3 – All other areas
· Zone 4 – High activity commercial districts in major metropolitan areas as designated by the local jurisdiction.

Once the exterior lighting zone has been selected, each site is then allowed to include a base site allowance. This is a fixed value that is applied to the site regardless of size. The last step is to calculate the allowed lighting power densities for each exterior lighted surface. LPA values are based on square feet of exterior surface area or per linear feet of lighted area. These values, as well as the base site allowance, are listed in NREC Table 15-2B - Lighting Power Densities for Building Exteriors. 

	NREC 1532 Requirements
	All exterior building grounds luminaires that operate at greater than 100 watts shall contain lamps having a minimum efficacy of 60 lm/W unless the luminaire is controlled by a motion sensor or qualifies for an exterior lighting exception.
The total exterior LPA for all exterior building applications is the sum of the base site allowance plus the individual allowances for areas that are designated on the building plans to be illuminated and are permitted in NREC Table 15-2B for the applicable exterior lighting zone. Trade-offs are allowed only among exterior lighting applications listed in NREC Table 15-2B “Tradable Surfaces” section.
 

	NREC 1532 Exceptions
	Lighting used for the following exterior applications is exempt when equipped with a control device independent of the control of the non-exempt lighting:
· Specialized signal, directional, and marker lighting associated with transportation.
· Lighting integral to signs.
· Lighting integral to equipment or instrumentation and installed by its manufacturer.
· Lighting for theatrical purposes, including performance, stage, film production, and video production.
· Lighting for athletic playing areas only. Associated or adjacent areas, such as parking or perimeter areas, are not exempt.
· Temporary lighting.
· Lighting for industrial production. This includes outdoor manufacturing, processing areas, and greenhouses. Associated or adjacent areas, such as parking or perimeter areas, are not exempt.
· Theme elements in theme/amusement parks.
· Lighting used to highlight features of public monuments. This includes only lighting for the monument itself.
· Group U Occupancy accessory to Group R-3 or R-4 Occupancy. This refers to utility spaces associated with multi-family residential.



[bookmark: _Toc297150858][bookmark: _Toc298158356]Lighting Power Densities for Building Exteriors – NREC Table 15-2B 

There are two categories of exterior surfaces – tradable surfaces and non-tradable surfaces. Tradable means that the LPA of one exterior surface area may be traded, or applied, to the LPA of another exterior surface area up to the maximum lighting wattage allowed. Only exterior surfaces applicable to the project may be used in the tradable surfaces calculations. Non-tradable surfaces are those where the defined LPA can only be applied to that specific exterior surface and nothing else. Excess tradable lighting wattage may be used to meet non-tradable allowance targets – but not vice versa.
NREC TABLE 15-2B
LIGHTING POWER DENSITIES FOR BUILDING EXTERIORS

	Specific area description
	Zone 1
	Zone 2
	Zone 3
	Zone 4

	Base site allowance1
	500 W
	600 W
	750 W
	1300 W

	Tradable Surfaces 2 

	Uncovered Parking Areas
	Parking lots and drives 
	0.04 W/ft2
	0.06 W/ft2
	0.10 W/ft2
	0.13 W/ft2 

	Building Grounds
	Walkways less than 10 ft wide 
	0.7 W/linear foot
	0.7 W/
linear foot
	0.8 W/ 
linear foot
	1.0 W/
linear foot

	
	Walkways 10 ft wide or greater 
Plaza areas 
Special feature areas 
	0.14 W/ft2
	0.14 W/ft2
	0.16 W/ft2
	0.2 W/ft2 

	
	Exterior Stairways 
	0.75 W/ft2
	1.0 W/ft2
	1.0 W/ft2
	1.0 W/ft2

	
	Pedestrian tunnel
	0.15 W/ft2
	0.15 W/ft2
	0.2 W/ft2
	0.3 W/ft2

	
	Landscaping
	0.04 W/ft2
	0.05 W/ft2
	0.05 W/ft2
	0.05 W/ft2

	Building Entrances and Exits
	Main entries 
	20 W/linear foot of door width
	20 W/linear foot of door width
	30 W/linear foot of door width
	30 W/linear foot of door width 

	
	Oher doors 
	20 W/linear foot of door width
	20 W/linear foot of door width
	20 W/linear foot of door width
	20 W/linear foot of door width 

	
	Entry canopies
	0.25 W/ft2
	0.25 W/ft2
	0.4 W/ft2
	0.4 W/ft2

	Sales Canopies
	Free standing and attached 
	0.6 W/ft2
	0.6 W/ft2
	0.8 W/ft2
	1.0 W/ft2 

	Outdoor Sales
	Open areas3 
	0.25 W/ft2
	0.25 W/ft2
	0.5 W/ft2
	0.7 W/ft2 

	
	Street frontage for vehicle sales lots in addition to “open area” allowance
	No Allowance
	10 W/linear foot
	10 W/linear foot
	30 W/linear foot 

	Non-Tradable Surfaces4

	Building Facades
	No Allowance
	0.1 W/ft2 for each illuminated wall or surface5
	0.15 W/ft2 for each illuminated wall or surface6
	0.2 W/ft2 for each illuminated wall or surface7 

	Automated teller machines and night depositories
	270 W per location8
	270 W per location8
	270 W per location8
	270 W per location8 

	Entrances and gatehouse inspection stations at guarded facilities
	0.75 W/ft2 of covered & uncovered area
	0.75 W/ft2 of covered & uncovered area
	0.75 W/ft2 of covered & uncovered area
	0.75 W/ft2 of covered & uncovered area 

	Loading areas for law enforcement, fire, ambulance and other emergency service vehicles
	0.5 W/ft2 of covered & uncovered area
	0.5 W/ft2 of covered & uncovered area
	0.5 W/ft2 of covered & uncovered area
	0.5 W/ft2 of covered & uncovered area 

	Material handling and associated storage
	
	
	
	0.5 W/ft2

	Drive-up Windows & Doors
	400W per drive-through
	400W per drive-through
	400W per drive-through
	400W per drive-through 

	Parking near 24-hour retail entrances
	800 W per main entry
	800 W per main entry
	800 W per main entry
	800 W per main entry 



Footnotes to NREC Table 15-2B provide LPA alternatives for a variety of exterior surfaces and additional guidance about exterior surface wattages that may be traded. The exterior LPA is calculated using the NREC Lighting Compliance Form - Exterior Lighting Summary for LPA Calculations (LTG-EXT). 

The following are explanations for these footnotes:
1. Base site allowance – This may be used in tradable or non-tradable surfaces. (Footnote 1)
2. Tradable surfaces – Lighting power densities for uncovered parking areas, building grounds, building entrances and exits, canopies and overhangs and outdoor sales areas may be traded. (Footnote 2)
3. Outdoor sales open areas – Vehicle sales lots are included in this category. (Footnote 3)
4. Non-tradable surfaces – Lighting power density calculations for the following applications can be used only for the specific application and cannot be traded between surfaces or with other exterior lighting. The following allowances are in addition to any allowance otherwise permitted in the "Tradable Surfaces" section of this table. (Footnote 4) Non-tradable surfaces are “use it or lose it”.
5. Zone 2 Building facades – May alternately use 2.5 watts per linear foot for each wall or surface length to be illuminated. (Footnote 5) If you are only lighting ¼ of a wall, you can only calculate ¼ of the wall for the area allowance.
6. Zone 3 Building facades – May alternately use 3.75 watts per linear foot for each wall or surface length. (Footnote 6)
7. Zone 4 Building facades – May alternately use 5 watts per linear foot for each wall or surface length. (Footnote 7)
8. Automated teller machines (ATM) and night depositories – An additional 90 watts is allowed per additional ATM location.
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Overview of Electric Motor and Transformer Compliance Requirements 
[bookmark: _Toc297150860][bookmark: _Toc298158358]Summary of Requirements

In general, the NREC requires nonresidential and multi-family buildings to:
Comply with minimum efficiency requirements for electric motors and distribution transformers.

[bookmark: _Toc297150861][bookmark: _Toc298158359]Electric Motors – NREC 1511

Electric motors are covered in NREC 1511 and NREC 1437 - Electric Motor Efficiency. Refer to both sections for complete requirements.
	NREC 1511 Requirements
	All permanently wired polyphase motors of 1 hp or more, which are not part of an HVAC system, shall comply with NREC 1437.

	NREC 1511 Exceptions
	· Motors that are an integral part of specialized process equipment. This exception applies to industrial and manufacturing equipment motors. It also applies to motors integral to building operations such as escalators, elevators, and door openers.
· Where the motor is integral to a listed piece of equipment for which no complying motor has been approved.


[bookmark: _Hlt519869652]
[bookmark: _Hlt518464057][bookmark: _Toc317382931][bookmark: _Toc318609807][bookmark: _Toc110693494][bookmark: _Toc297150862][bookmark: _Toc298158360][bookmark: _Hlt518656299]Electric Motor Efficiency – NREC 1437

Electric motor efficiencies may be documented either in the mechanical equipment schedules in the project plans or in NREC Mechanical Compliance Form – Electric Motors (MECH-MOT). If documented in mechanical equipment schedules provide: horsepower, type (open/closed), synchronous speed and nominal full load efficiency. 
	NREC 1437 Requirements
	Design A & B squirrel-cage, T-frame induction permanently wired polyphase motors of 1 hp or more having synchronous speeds of 3,600, 1,800 and 1,200 rpm shall have a nominal full-load motor efficiency no less than the corresponding values for energy efficient motors provided in NREC Table 14-4.

	NREC 1437 Exceptions
	· Motors used in systems designed to use more than one speed of a multi-speed motor.
· [bookmark: _Hlt519870396][bookmark: _Hlt518656364]Motors used as a component of equipment meeting the minimum equipment efficiency requirements of NREC 1411 and NREC Mechanical Equipment Efficiency Tables 14-1A, 14-1B, 14-1C, 14-1D, 14-1E, 14-1F and 14-1G, provided that motor input is included when determining equipment efficiency. These tables list heat pumps, air conditioners, furnaces, unit heaters, condensing units, and chillers. Efficiency requirements in these tables apply to the whole unit. Motors in equipment of this type are exempt if the whole unit complies.



[bookmark: _Toc297150863][bookmark: _Toc298158361]Transformers – NREC 1540
Distribution transformer efficiency is based on the ratio of the power output to the power input and is a function of the load on the transformer. NEMA test procedures evaluate efficiency at a loading level of 35% of rated capacity for low-voltage dry-type transformers. Required efficiencies are in the range of 97% to 99.5% depending on the size of the transformer and whether it is single or three phase.
	NREC 1540 Requirements
	The minimum efficiency of a low voltage dry-type distribution transformer shall be the Class I Efficiency Levels for distribution transformers specified in Table 4-2 of the “Guide for Determining Energy Efficiency for Distribution Transformers” published by the National Electrical Manufacturers Association (NEMA TP-1-2002).



 (
  
Technical Reference Manual – 2009 WA State Non-Residential Energy Code
Chapter 15
)

[bookmark: _Toc298158362]Appendix
2009 NREC Compliance forms can be viewed in PDF or Excel format at the NEEC web site: http://www.NEEC.net/energy-codes

[bookmark: _Toc298158363]Instructions for Electronic Forms
[bookmark: _Toc298158364]2009 NREC Compliance Forms – Building Envelope 
[bookmark: _Toc298158365]2009 NREC Compliance Forms – Lighting
[bookmark: _Toc298158366]2009 NREC Compliance Forms – Energy Metering
[bookmark: _Toc298158367]2009 NREC Compliance Forms – Mechanical Systems
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BASIS FOR THE CALULATION ~\ /' DATUGHTED AREA

FLOOR TO GELING HEIGHT

DAYUGHTED AREA = AREA OF GLAZIG + 0TOX(DISTANCE.
EQUAL T0 70% OF THE CELING HEIGHT ON ALL SOES).
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