ASHRAE Addendum q to
ASHRAE Guideline 36-2021

High-Performance

Sequences of Operation
for HYAC Systems

Approved by ASHRAE on August 30, 2024.

This addendum was approved by a Standing Guideline Project Committee (SGPC) for which the Standards Committee has
established a documented program for regular publication of addenda or revisions, including procedures for timely, docu-
mented, consensus action on requests for change to any part of the guideline. Instructions for how to submit a change can
be found on the ASHRAE® website (www.ashrae.org/continuous-maintenance).

The latest edition of an ASHRAE Standard may be purchased on the ASHRAE website (www.ashrae.org) or from ASHRAE
Customer Service, 180 Technology Parkway, Peachtree Corners, GA 30092. E-mail: orders@ashrae.org. Fax: 678-539-
2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). For reprint per-
mission, go to www.ashrae.org/permissions.

© 2024 ASHRAE ISSN 1049-894X



© ASHRAE. Per international copyright law, additional reproduction, distribution, or transmission in either

print or digital form is not permitted without ASHRAE's prior written permission.
ASHRAE Standing Guideline Project Committee 36

Cognizant TC: 1.4, Control Theory and Application
SPLS Liaison: Jennifer A. Isenbeck

Xiaohui Zhou*, Chair Kevin Li* Kyle W. Hasenkox Joseph M.Ruggiero*
Jeffrey G. Boldt* Christopher R. Amundson Jean-Francois Landry John R. Rundell
JoeDon Breda* lan Bonadeo Christopher McGowan Brian W. Russell
Ronald Bristol* Barry B. Bridges Mark F. Miller Steven C. Sill
Lance Brown* Anthony Bruno Kevin Ng Jonathan Smith
Jayson F. Bursill* C. Hwakong Cheng Aaron Opatz* Ryan Soo*
Cynthia A. Callaway* James J. Coogan Gwelen Paliaga* Raf Sowacki
Yan Chen* Clark R. Denson Chirag D.Parikh* Henry F. Stehmeyer, [V*
Gregory Cmar* Richard A. Farmer James Parker Steven T. Taylor
Brent R. Eubanks* Ken Gilbert Michael A.Pouchak* Meziane Touati
Michael Galler* Christopher S. Gosline David ). Pritchard Daniel W.Tyson
Reece Kiriu* Siddharth Goyal Paul Raftery* Chariti A. Young*
Eric Koeppel* Milica Grahovac Eric Rehn Bei Zhang
Bryan Lang* David W. Guelfo Michael J.Reimer*

* Denotes members of voting status when the document was approved for publication

ASHRAE STANDARDS COMMITTEE 2024-2025

Douglas D. Fick, Chair Jaap Hogeling Kenneth A. Monroe Gwelen Paliaga
Adrienne G. Thomle, Vice Chair Jennifer A. Isenbeck Daniel H. Nall Karl L. Peterman
Hoy R. Bohanon, Jr. Satish N. lyengar Philip J. Naughton Justin M. Prosser
Kelley P. Cramm Phillip A. Johnson Kathleen Owen Christopher . Seeton
Abdel K. Darwich Paul A. Lindahl, Jr. William F. Walter Paolo M. Tronville
Drake H. Erbe Julie Majurin David P. Yuill Douglas K. Tucker
Patricia Graef Lawrence C. Markel Susanna S. Hanson, BOD ExO

William M. Healy Margaret M. Mathison Wade H. Conlan, CO

Ryan Shanley, Senior Manager of Standards

SPECIAL NOTE
This Guideline was developed under the auspices of ASHRAE. ASHRAE Guidelines are developed under a review process, identifying a Guideline
for the design, testing, application, or evaluation of a specific product, concept, or practice. As a Guideline it is not definitive but encompasses
areas where there may be a variety of approaches, none of which must be precisely correct. ASHRAE Guidelines are written to assist professionals
in the area of concern and expertise of ASHRAE’s Technical Committees and Task Groups.

ASHRAE Guidelines are prepared by Project Committees appointed specifically for the purpose of writing Guidelines. The Project Committee
Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE members, all must be technically
qualified in the subject area of the Guideline.

Development of ASHRAE Guidelines follows procedures similar to those for ASHRAE Standards except that (a) committee balance is desired
but not required, (b) an effort is made to achieve consensus but consensus is not required, (c) Guidelines are not appealable, and (d) Guidelines
are not submitted to ANSI for approval.

The Senior Manager of Standards of ASHRAE should be contacted for

a. interpretation of the contents of this Guideline,

b. participation in the next review of the Guideline,

c. offering constructive criticism for improving the Guideline, or
d. permission to reprint portions of the Guideline.

DISCLAIMER
ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available information and accepted
industry practices. However, ASHRAE does not guarantee, certify, or assure the safety or performance of any products, components, or systems
tested, installed, or operated in accordance with ASHRAE’s Standards or Guidelines or that any tests conducted under its Standards or Guidelines
will be nonhazardous or free from risk.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS
ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of testing for rating purposes, by
suggesting safe practices in designing and installing equipment, by providing proper definitions of this equipment, and by providing other information
that may serve to guide the industry. The creation of ASHRAE Standards and Guidelines is determined by the need for them, and conformance
to them is completely voluntary.
In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either stated or implied,
that the product has been approved by ASHRAE.

ASHRAE is a registered trademark of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.




© ASHRAE. Per international copyright law, additional reproduction, distribution, or transmission in either
print or digital form is not permitted without ASHRAE's prior written permission.

(This foreword is not part of this guideline. It is merely informative and does not contain
requirements necessary for conformance to the guideline. It has not been processed according to the
ANSI requirements for a guideline and may contain material that has not been subject to public
review or a consensus process. Unresolved objectors on informative material are not offered the right
to appeal at ASHRAE or ANSI.)

FOREWORD

Note: In this addendum, changes to the current guideline are indicated in the text by underlining (for
additions) and strikethrough (for deletions) unless the instructions specifically mention some other
means of indicating the changes. Only these changes are open for review and comment at this time.
Additional material is provided for context only and is not open for comment except as it relates to the
proposed substantive changes.

The current CO; demand controlled ventilation calculation for zones complying with Standard 62.1 Ventilation Rate
Procedure (VRP) was modeled after California Title 24 language where ventilation does not start to increase until
CO:; concentration is within 200 ppm of the maximum CO; limit, which typically is the setpoint included in Informative
Table 3.1.1.3. But while this approach is consistent with the Title 24 ventilation rate calculation method which uses
the larger of the occupant- and area-based components, it is not consistent with Standard 62.1 VRP for which the
room ventilation rate, Voz, is equal to the sum of the two components. With the VRP, zone ventilation must be
increased right when zone CO; concentration exceeds ambient, and when the maximum CO; limit is reached, the zone
ventilation rate must be the design rate calculated in accordance with Standard 62.1 when the space is fully occupied.

This addendum also eliminates Table 3.1.1.3 Standard 62.1 CO; setpoints and instead directs the designer to use the
maximum CO; differential now included in Standard 62.1 Table 6-1 per addendum ab to the 2022 version
(https://www.ashrae.org/file%20library/technical%20resources/standards%20and%20guidelines/standards %2 0add
enda/62 1 2022 ab_20231031.pdf).

Note that the SGPC expects to develop further CO> DCV addenda regarding multiple zone recirculating systems based
on ASHRAE Research Projects 1547, 1747, and 1819.

This addendum also changes the term CO; “setpoint” to CO; “maximum” to match Standard 62.1 addendum ab and
associated addendum o to Standard 90.1-2022. The term “setpoint” in the context of controls implies that the
controlled variable, CO; concentration in this case, can oscillate around this value using control logic such as
proportional + integral logic. But these CO; values are actually limits that the control system must always maintain
space concentration to be at or below. This is true for both Title 24 and Standard 62.1 procedures. This is the reason
why P-only logic is used for CO; DCV — it ensures zone ventilation is at its design maximum when the CO; maximum
is reached.

Another change is to break out the ambient CO; concentration to readily allow the option of using ambient CO;

sensors, although that is not generally recommended as indicated in the informative text herein. This also allows the
ACO; values from code to be used without making the designer add the ambient value.
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Addendum q to Guideline 36-2021

(IP and SI Units)

Modify Section 3.1.1.3 as follows:

3.1.1.3. CO; SetpeintsMaximum Concentration

Space CO2 setpoints-sensors are used for demand-controlled ventilation (DCV) as required by energy standards such
as ASHRAFE Standard 90.1 and California Title 24, and-as well as for indoor air quality monitoring/alarming as
required by LEED and other green building standards.

1t is the designer’s responsibility to determine maximum ACOEO2-setpoints, the maximum difference between zone
and ambient CO; concentration. The maximum setpoint-varies by-depending on the applicable ventilation standard, -

Some-guidance—ts-provided-belowfor-Standard 62.1 and Title 24. The designer may also decide to set lower, more

conservative setpoints for improved indoor air quality but at the expense of higher energy use.

For Standard 62.1, ACO; maximums vary by occupancy type and design occupant density, so the easiest way to
include this info is by including a column in VAV box and SZ unit schedules and entering the setpoint individually for
each zone.

For both Standard 62.1 and Title 24, ambient CO; concentration (Camb) may be determined with ambient CO, sensors
but is allowed to be assumed to be 400 ppm for the following reasons:

e 400 ppm is conservative from a ventilation standpoint since few areas have consistently lower average
ambient concentrations.

o  Using a fixed value avoids the first cost and recurring calibration costs of an ambient CO, sensor.

o Automatic Background Calibration (ABC) logic, which is very commonly used with commercial CO, sensors
to automatically maintain calibration, uses 400 ppm as the ambient concentration targeted by the logic, so
ambient concentration is effectively indicated as 400 ppm regardless of actual ambient concentration.
Therefore, when CQO, sensors with ABC logic are used, ambient concentration should always be assumed to

be 400 ppm.

The engineer must select between ventilation logic options:

If the project is to comply with ASHRAE Standard 62.1 ventilation requirements, keep subsection (a) and
delete subsection (b).

If the project is to comply with California Title 24 ventilation requirements, keep subsection (b) and delete

subsection (a).

a. Standard 62.1 Maximum CO, Concentration

1. For each zone, maximum ACQO; concentration, AC

The AC value must include the occupancy density adjustment per Standard 62.1, where applicable.

2. Ambient CO2 concentration, Camb = 400 ppm

If an ambient CO; sensor is installed, Camb will be an analog input point rather than a fixed value.
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See ASHRAE Standard 62.1-2022 Addendum ab for maximum CQO; concentration above ambient (ACQ>) for each
occupancy type. These are not repeated here to avoid conflicts with future Standard 62.1 revisions.
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b. Title 24 Maximum CO2 Concentration

1. For each zone, maximum ACQO; concentration, AC = 600 ppm

Title 24 stipulates the setpoint for all occupancies must be 600 ppm above ambient. Ambient-concentrationay-be

2. Ambient CO, concentration, Camb = 400 ppm

If an ambient CO; sensor is installed, Camb will be an analog input point rather than a fixed value.
Modify Section 5.2.1.3f.4, which applies to systems complying with Standard 62.1, as follows:

4. If the zone has a CO; sensor:

i. See Section 34+4+2b33.1.1.3.a for €O—setpointsmaximum CO;
concentration above ambient, AC, and ambient CO, concentration, Camb.

ii. Cmax = AC + Camb

iii.  During Occupied Mode, a P-only loop shall maintain—limit CO,
concentration at-setpeintto Cmax; loop output shall range reset-from 0% at
setpeint—Camb _minus—200—PPM—and—proportionally up to 100% at
setpeintCmax.

iv.Loop is disabled and output set to zero when the zone is not in Occupied
Mode.

CO; DCV is notyet-well defined for Standard 62.1 since Addendum ab was adopted for single zone and 100% outdoor
air systems, but it is not well defined for multiple zone recirculating systems. For those systems, Addendum ab includes
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an_exception that states “Other DCV control logic shall be permitted to be used where it can be demonstrated to
comply with Section 6.2.6.1.1 under all expected operating conditions.” Examples are the results of RP-1747 and
RP-1819 which include detailed Standard 62.1 compliant DCV sequences for single duct recirculating systems, and
for systems with multiple recirculation paths (e.g. fan-powered boxes), respectively. These sequences require
additional sensors and are very complex, so they have not yet been adopted into Guideline 36 verbatim. is-underweay
and-showtd-provide-a-detaited procedure—In the meantime, sequences have been included at the zone level that mimic
the SOOs from these research projects as well as —meatehing—California’s DCV approach as a first step. Because
outdoor air rates at the AHU level dynamically calculate outdoor air rates using the Standard 62.1 multiple-spaces
procedure, compliance with the standard is assured. Doing no DCV at all is not an option, because it is required by
Standard 90.1-2646.

Modify Section 5.2.1.4d.3, which applies to systems complying with California Title 24, as follows:

3. If the zone has a CO; sensor:

concentration above ambient, AC, and ambient CO, concentration, Camb-

ii. Cmax = AC + Camb

iii. During Occupied Mode, a P-only loop shall maintain—limit CO,
concentration at-setpeintto Cmax; reset-loop output shall range from 0% at
setpoint—(Cmax minus 200 PPM) and-—proportionally up to 100% at

setpeintCmax.

Modify Section 5.2.3 as follows:
5.2.3. Zone Alarms
5.2.3.1. For zones with CO, sensors:
a. If the CO; concentration is less than 300 ppm, or the zone is in Unoccupied Mode
for more than 2 hours and zone CO; concentration exceeds 600 ppm, generate a
Level 3 alarm. The alarm text shall identify the sensor and indicate that it may be

out of calibration.

b. If the CO; concentration exceeds setpeirt-Cmax plus 10% for more than 10
minutes, generate a Level 3 alarm.

Note that in some cases, alarms may be generated that do not necessarily indicate an indoor air quality problem or
noncompliance with Standard 62.1. Cmax determined in accordance with Standard 62.1, including occupancy density
adjustment, also depends on activity level, gender, body mass, and age. The CO; values in Table 6-1 of Standard 62.1
are based on assumptions of these values that are typical of the occupancy type. The activity level (met) has the
greatest impact to the steady state CO; values. It is therefore possible that the differential CO, values in the space
may exceed the concentrations listed in Table 6-1 even if the occupancy density and the ventilation rate meet the
values listed in Table 6-1.
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment.
ASHRAE’s members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of
the systems and components in their responsibility while maximizing the beneficial effects these systems provide,
consistent with accepted Standards and the practical state of the art.

ASHRAE'’s short-range goal is to ensure that the systems and components within its scope do not impact the
indoor and outdoor environment to a greater extent than specified by the Standards and Guidelines as established by
itself and other responsible bodies.

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive Technical Committee structure,
continue to generate up-to-date Standards and Guidelines where appropriate and adopt, recommend, and promote
those new and revised Standards developed by other responsible organizations.

Through its Handbook, appropriate chapters will contain up-to-date Standards and design considerations as the
material is systematically revised.

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and
will seek out and disseminate information from other responsible organizations that is pertinent, as guides to updating
Standards and Guidelines.

The effects of the design and selection of equipment and systems will be considered within the scope of the
system’s intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.

ASHRAE'’s primary concern for environmental impact will be at the site where equipment within ASHRAE’s scope
operates. However, energy source selection and the possible environmental impact due to the energy source and
energy transportation will be considered where possible. Recommendations concerning energy source selection
should be made by its members.
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Founded in 1894, ASHRAE is a global professional society committed to serve humanity by advancing the arts and
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As an industry leader in research, standards writing, publishing, certification, and continuing education, ASHRAE
and its members are dedicated to promoting a healthy and sustainable built environment for all, through strategic
partnerships with organizations in the HYAC&R community and across related industries.
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ASHRAE offers its Standards and Guidelines in print, as immediately downloadable PDFs, and via ASHRAE Digital
Collections, which provides online access with automatic updates as well as historical versions of publications.
Selected Standards and Guidelines are also offered in redline versions that indicate the changes made between the
active Standard or Guideline and its previous edition. For more information, visit the Standards and Guidelines
section of the ASHRAE Bookstore at www.ashrae.org/bookstore.

IMPORTANT NOTICES ABOUT THIS GUIDELINE

To ensure that you have all of the approved addenda, errata, and interpretations for this
Guideline, visit www.ashrae.org/standards to download them free of charge.

Addenda, errata, and interpretations for ASHRAE Standards and Guidelines are no longer
distributed with copies of the Standards and Guidelines. ASHRAE provides these addenda,
errata, and interpretations only in electronic form to promote more sustainable use of
resources.
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