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ANSI/ASHRAE Standard 62.1 – 2010, Ventilation for Acceptable Indoor Air Quality - 
Update, Analysis and Recommendations  
 
David S. Dougan and Leonard A. Damiano, EBTRON, Inc.            April 2011 
 

BACKGROUND 
 
This paper is an updated version of similar ones published for several previous versions of 
ASHRAE Standard 62.1.  Please study the complete standard discussed in this paper and 
review the bibliography.  This descriptive paper should not be considered a substitute for the 
original and complete document, nor is it a shortcut to compliance with the standard.  There are 
many issues to consider that are not discussed here. 
 
ANSI/ASHRAE Standard 62.1 was first published in 1973 as Standard 62, which today 
continues to outline the minimum ventilation rate requirements intended to provide acceptable 
indoor air quality for new buildings or those with major renovations.  In 2003, the scope of the 
Standard officially changed and a separate ASHRAE committee was formed to address the 
specific needs of Low-Rise Residential Buildings.  The existing Standard became known as 
62.1 and the new residential standard became 62.2. 
 
Notwithstanding its numerous revisions since 1973, this standard has been an often 
misunderstood and misinterpreted document.  Because of the rate-based nature of all three 
sanctioned procedures allowed for compliance (Ventilation Rate, IAQ and Natural Ventilation), 
this analysis focuses on the needs for reliable intake rate control and the risks included with 
popular indirect control methods.  Design recommendations offered are intended to increase the 
potential for both predictable compliance and for the operating flexibility to accommodate future 
changes, while providing the greatest control reliability with the most energy efficient methods. 

INTRODUCTION 
 
This is a brief summary of selected parts of ASHRAE Standard 62.1-2010, Ventilation for 
Acceptable Indoor Air Quality (IAQ) in Commercial, Institutional, Industrial and High Rise 
Residential Buildings 1, as it impacts and is influenced by ventilation control requirements, 
methods and equipment.  Operational implementation of these requirements can have a 
sizeable influence on energy usage, when applied improperly or incompletely.  Operational 
precision and design reliability are essential to minimize energy usage, when compliance with 
62.1 and energy codes are simultaneous goals.   
 
This ANSI-approved standard has been developed by a Standing Standards Project Committee 
(SSPC) of the American Society of Heating, Refrigeration and Air-Conditioning Engineers, Inc.  
(ASHRAE), under the ‘continuous maintenance’ protocol.  At any point in time, the ’official’ 
Standard is comprised of both the most recently published parent document and all current 
addenda.  The next parent document will be published in 2013 to combine all addenda that 
were approved subsequent to the release of the original 62.1-2010 parent document.  The result 
is a final version that is substantially different from the basic ventilation standard we have used 
since 1989.  The 2010 edition includes a number of changes that remove inconsistencies and 
improve clarity.  The significant changes from 2007 are: 
 

•  Deletes Section 6.2.9. Ventilation for smoking spaces is no longer covered by the standard. 
•  Provides minimum requirements to clarify when ventilation systems must be operated. 
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•  Relocates natural ventilation requirements to a new Section 6.4, adding a prescriptive Natural 
Ventilation. The standard also now requires that most buildings designed to meet the natural 
ventilation requirements include a mechanical ventilation system designed to meet the VRP or 
IAQ Procedure requirements; mechanical system operation must be activated whenever 
conditions preclude operation of the natural ventilation system (e.g., due to thermal comfort, 
noise, security, or other issues). 

•  Relocates Table 6-4 and other requirements related to exhaust systems to a new Section 6.5. 
•  Revises the IAQ Procedure to make it more robust. In informative Appendix B, provides a table of 

volatile organic compounds that designers might want to consider as possible contaminants of 
concern. 

•  Adds additional requirements related to the design of demand-controlled ventilation systems. 
•  Revises requirements for separation of outdoor air intakes from exhaust and relief air outlets by 

using Classes of Air already defined in the standard rather than descriptions of the air quality. 
•  Adds some occupancy categories to the ventilation rate table (Table 6-1) and revises ventilation 

rates for a few occupancy categories. 
•  Deletes ventilation requirements for health care spaces since they are now covered by 

ASHRAE/ASHE Standard 170-2008, Ventilation of Health Care Facilities. 
•  Adds minimum filtration requirements related to PM2.5, and changes minimum air cleaning 

requirements related to ozone to reflect changes in the U.S. EPA’s ozone reporting procedures.”1 
 
 
62.1-2010 Addenda status 
At this writing, the new standard is barely one year old and several addenda / interpretations 
have already been addressed  
 
Addenda Pending publication approval: a, b, c  
Addenda status can be found at: http://www.ashrae.org/technology/page/132  
Current review drafts may be commented upon at:  http://www.ashrae.org/technology/page/331 
 
62.1a (2010) Will be included in 2011 Supplement and 62.1-2013 

Research data showed that adjustments to Table 6-2 – Zone Air Distribution Effectiveness were 
warranted. This addendum specifies that an underfloor air distribution system that provides low 
velocity air at 4.5 ft above the floor (less than 50 fpm) provides improved ventilation effectiveness, 
allowing them to be assigned a value of 1.2 for Ez , rather than the previous value of 1.0. Related 
language in Table 6-2 was clarified. 

 
62.1b (2010) Recommended for 1st publication public review by SSPC ending 10/10/2010.  In 
process.  

In response to a change proposal, changes to the wording of Sections 5.12 and 5.12.1 are being 
proposed that are intended to make it clear that chemicals may not be added to water that will be 
used in humidifiers and waterspray systems, and that the water that is used must meet or exceed 
potable water quality standards.  

 
62.1c (2010) Recommended for 1st publication public review by SSPC through 10/10/2010. In 
process. 

This proposed addendum clarifies Section 5.9.2 regarding the conditions under which the 
ventilation system must be operated to provide exfiltration. It also proposes a change to the 
definition of “exfiltration” in Section 3 and modifies Section 6.2.7.1.4 to require compliance with 
5.9.2, rather than restating requirements which may possibly become inconsistent with 5.9.2. 

 
The 62.1 User’s Manual for 2010 is available at the ASHRAE Bookstore (www.ASHRAE.org).  
Work continues on Guideline 19, which is intended to provide design guidance for methods of 
compliance that exceed the minimum requirements of the Standard.  Both of these 
supplemental documents should assist the designer and facility operator in the understanding of 
and compliance with the Standard. 
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ANALYSIS AND RECOMMENDATIONS 
 
Our discussion of Standard 62.1 will mimic the sequence and structure of the document, provide 
recommendations for compliance and highlight methods to consider and assumptions to avoid.  
Our objectives have determined the content.   
 
The Standard’s “Purpose” and “Scope” are covered in Sections 1 and 2.  To comply with the 
Standard, designers of mechanical ventilation systems are tasked to provide specific minimum 
rates of acceptable outdoor air to the breathing level of the occupied structures.  In doing so, an 
acceptable indoor environment may be achieved providing improved occupant comfort, 
productivity and health.  The procedures allowed for compliance with our national standard on 
ventilation are prescriptive or performance-based.  Your selection should be evaluated for IAQ 
risk by the design practitioner.   
 
DEFINITIONS 
 
Section 3 addresses the definition of terms used within the Standard.  Noteworthy is the 
Standard’s definition of “acceptable indoor air quality” which is provided as  
 

“air in which there are no known contaminants at harmful concentrations as determined by 
cognizant authorities and with which a substantial majority (80% or more) of the people exposed 
do not express dissatisfaction 1.”  

 
This means that 62.1, like all ASHRAE Standards, assumes one out of five occupants (20%) 
may not be satisfied with the results of compliance and may express dissatisfaction, even if the 
Standard is followed perfectly.  Many sources have concluded that the majority of HVAC 
systems designed in the U.S. do not meet the minimum ventilation rates prescribed during 
operation.  In which case, the actual occupant dissatisfaction level is exponentially greater in 
practice 2.  It is not uncommon for rates to fall below levels that result in occupant dissatisfaction 
significantly greater than 50%.  Many systems cannot meet the minimum airflow requirements at 
the occupied space during operation because of design choices and equipment limitations, or 
due to the dynamic nature of mechanical ventilation systems and the external forces acting on 
the building envelope.   
 
The impacts from these continuously changing external conditions are not limited to Variable Air 
Volume (VAV) systems 2.  Outdoor airflow rates will also vary for systems that provide a 
Constant Volume of supply air (CAV) to the conditioned space, as a result of:  
 

a) changes in wind and/or stack conditions on the intake system 3,  
b) changes in filter loading, 
c) changes in airflow requirements during an economizer cycle.   

 
The lack of specific guidelines to overcome the effect of changing system dynamics on 
ventilation rates and air distribution for today’s HVAC systems is partially to blame for many 
design deficiencies observed. 
 
Unlike thermal comfort, the effect of indoor air quality is difficult to measure.  Many believe that 
the outdoor air levels specified by ASHRAE are too low and should actually be increased, as 
indicated by published research and reflected in European standards from CEN Technical 
Committee 156 and their publication CR1752 4. 
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OUTDOOR AIR QUALITY 
 
Section 4 of the Standard describes a three-step process to evaluate outdoor air for 
acceptability.  One of those steps requires examination of both the regional and local air quality 
by the building owner.  The section also specifies the documentation required to support the 
conclusions of this preliminary review. 
 
If the outdoor air quality is found to be unsuitable per Section 4, then treatment may be required 
as indicated in §6.2.1.  Outdoor air treatment involves removal of the particulates and/or gases 
encountered that are in excess of the minimum standards cited by cognizant authorities in §4.1.   
 
SYSTEMS AND EQUIPMENT 
 
Section 5 specifies the minimum systems and equipment required under Standard 62.1.  §5.3 
states, 

 
“Mechanical ventilation systems shall include controls, manual or automatic, that enable the fan 
system to operate whenever the spaces served are occupied. The system shall be designed to 
maintain no less than the minimum outdoor airflow as required by Section 6 under any load 
condition. 
 

Note: Variable Air Volume (VAV) systems with fixed outdoor air damper positions must 
comply with this requirement at minimum system primary airflow. 1.”  

 
This current section has already been revised with an addendum being prepared for public 
review.  The 2011 proposed draft addendum (DA-40) of the new section reads as follows: 
 

5.3 Ventilation System Controls. Mechanical ventilation systems shall include controls in 
accordance with the following: 

 
5.3.1 All systems shall be provided with manual or automatic controls to maintain no less than 

the outdoor air intake flow (Vot) as required by Section 6, under all load conditions or 
dynamic reset conditions. 

 
5.3.2 Systems with fans supplying variable primary-air (Vps) or variable mixed-air flow, including 

single-zone VAV and multiple-zone-recirculating VAV systems shall be provided with one 
or more of the following: 

 
a.  Outdoor air-intake, return air dampers or a combination thereof that modulate to 

maintain no less than the outdoor air intake flow (Vot) 
b.  Outdoor-air injection fans that modulate to maintain no less than the outdoor air 

intake flow (Vot) 
c.  Other means of ensuring compliance with Section 5.3.1 

 
Because the requirements in the Standard for compliance are set forth “under any load 
condition” and in the future to possibly include “dynamic reset conditions,” we are being asked 
to maintain a constant rate of outdoor airflow in dynamic systems.  One can logically conclude, 
there should also be a requirement for continuous airflow measurement at the intake of all air-
handling units with automatic controls providing an occupied space with a constant rate of 
outdoor air, regardless of the system size, type or point of operation.  Doing so would alleviate 
several issues, clarifying application and compliance questions in §6.2.7 Dynamic Reset; §7.2.2 
Air Balancing; and §8.4.1.8 Outdoor Airflow Verification.   
 
A continuous outdoor air measurement requirement was included in the draft Standard 62-89R 
before becoming much more complicated and vague to the point of confusion.  It is also 
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required in §8.3.1.2 Outdoor Air Delivery Monitoring and supported in sections 7.4.3.2, 
10.3.2.1.4 of Standard 189.1-2009 Standard for the Design of High Performance Green 
Buildings11. 
 
Standard 62.1 encourages us to use direct measurement feedback for continuous control on all 
VAV designs, even those using a powered outdoor air system (i.e. injection fan, HRV/ERV, 
smaller DOAS, etc.)10.  Although not contained in the Society’s ‘minimum’ standard, ASHRAE’s 
62.1 User’s Manual is highlighting the potential source of problems and a few of the more 
obvious means to avoid them. 
 
We believe that Section 5 of the Standard points to the use of airflow measuring devices at the 
intake of all systems and in the supply air to critical zones of VAV systems.  This allows for not 
only improved operating savings, continuous verification of compliance and use as a diagnostic 
and energy management tool, but also may be used to reliably reset intake rates based on 
changes in space population.  Knowing the population at any point in time allows automatic 
controls to reset the control set point for outdoor air intake rates in direct response to those 
changes. 
 
Popularly known as “Demand Controlled Ventilation” (DCV), technology is available to count or 
estimate zone populations in real time and used to reset intake and supply flow set points.  A 
simple comparative analysis has shown them to be surprisingly cost effective.  When compared 
to the potential energy savings without negatively impacting occupant comfort, productivity and 
health, there is little reason to avoid it.  We will discuss the limitations and risks of CO2-based 
DCV within §6.2 on the Ventilation Rate Procedure and further under §6.2.7 Dynamic Reset. 
 
PRESSURIZATION & MOLD 
 
Problems identified immediately after publication of Addendum 62x (62-2001) generated 
Addendum 62ai (renamed 62.1a for the 2007 version).  The 2007 addendum only addressed 
the need for positive pressure during “periods of dehumidification.”  The current language for 
§5.9, however, clarifies several issues, including exceptions to the 65% RH requirement and for 
labs and industrial spaces.   

 
“5.9 Dehumidification Systems. Mechanical air-conditioning systems with dehumidification 

capability shall be designed to comply with the following. 
 
5.9.1 Relative Humidity. Occupied space relative humidity shall be limited to 65% or less 

when system performance is analyzed with outdoor air at the dehumidification design 
condition (that is, design dew point and mean coincident dry-bulb temperatures) and with 
the space interior loads (both sensible and latent) at cooling design values and space 
solar loads at zero. 

 
Note: System configuration and/or climatic conditions may adequately limit space relative 
humidity at these conditions without additional humidity-control devices. The specified 
conditions challenge the system dehumidification performance with high outdoor latent 
load and low space sensible heat ratio.  

 
Exception: Spaces where process or occupancy requirements dictate higher humidity 
conditions, such as kitchens, hot tub rooms that contain heated standing water, 
refrigerated or frozen storage rooms and ice rinks, and/or spaces designed and 
constructed to manage moisture, such as shower rooms, pools, and spas. 

 
Proposed Addendum 62.1c (2010) is in process after public review and should replace 5.10.2 

on Exfiltration. 
 



 6 of 20 ASHRAE_62.1_Analysis.doc 

5.9.2 Exfiltration. For a building, the ventilation system(s) shall be designed to ensure that the 
minimum outdoor air intake equals or exceeds the maximum exhaust airflow. 
 
Exception: When outdoor air dry-bulb temperature is below the indoor space dew point 

design temperature. 
 
Exception: Where excess exhaust is required by process considerations and approved 

by the authority having jurisdiction, such as in certain industrial facilities. 
 
Note: Although individual zones within a building may be neutral or negative with respect 

to outdoors or to other zones, net positive mechanical intake airflow for the 
building as a whole reduces infiltration of untreated outdoor air.” 

 
Noting the proliferation of mold in buildings, the ASHRAE Board stated that sound moisture 
management should take precedence over energy cost savings when it issued Minimizing 
Indoor Mold through Management of Moisture in Building Systems in June 2005 5.  This Position 
Paper outlines recommendations by describing issues related to the topic and highlighting 
resources available through the Society.  This policy will eventually trickle-down through the 
society’s organization and eventually impact technical programs, research and standards. 
 
Included in their recommendations for proper moisture management are: 
 

♦ Building and system design, operation and maintenance provide for drying of surfaces and 
materials prone to moisture accumulation under normal operating conditions.   

♦ Mechanical system design should properly address ventilation air.   
♦ The sequence of operation for the HVAC system should contain appropriate provisions to 

manage humidity, control pressurization and monitor critical conditions5.   
 
We believe that one flaw in the committee’s position is in not recognizing the potential for high 
humidity alone to provide sufficient moisture content for mold growth.  Studies have shown that 
a temperature between 30oF – 86oF [-17oC - 30oC] and humidity of only 70% RH (non-
condensing infiltration), mold growth has appeared on plasterboard, brick and concrete within 3 
days.  At 65.3oF [18.5oC] (with adequate RH and “inadequate” substrate) mold has been 
demonstrated to grow on building materials after 6 hours.  It was shown to take only 1 hour with 
“adequate” substrate 2, 6. 
 
Part of the solution to preventing infiltration of unfiltered and unconditioned humid air appears to 
be fairly simple.  In 1996 the Florida Solar Energy Center first published a case study which 
identified that an extremely small negative pressure differential created conditions that lead to 
mold problems in a small commercial building.  This was later supported by a 2002 Journal 
article whose recommendations indicated that differential pressures as low as +0.004 to +0.008 
in. WG [1 to 2 Pa] will prevent moisture infiltration problems.7  This counter-flow overcomes 
most of the natural pressures that power moisture migration, namely: vapor, temperature 
(stack), and wind pressures.  Those periods when pressurization flow is insufficient to counter 
infiltration are generally limited in duration.  Thereafter, the flow of air to the direction of higher 
dew point temperature can remove any residual moisture in the wall cavity.   
 
The author(s) of the 2010 User’s Manual did not appear to understand that directed 
pressurization flow can overcome infiltration, prevent mold growth and overcome some of the 
effects of wind and stack pressure.  We disagree with some of their conclusions and 
characterizations. 
 

“Pressurization is a minimum requirement to limit excessive infiltration of high dew point outdoor 
air but it does not prevent a number of other conditions that can occur, for example: 
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 ▪ Even though the building as a whole may have more outdoor air intake than exhaust, 
stack and wind effects can cause large regions, such as entire levels or 
facades, to be negatively pressurized; [Comment: Pressurization flow is not 
intended to compensate for all wind and stack pressure and wind pressure 
does not accumulate.  Only the mechanical system can create pressurization 
flow.  The net pressurization of wind alone, without mechanical systems, is 
zero.  The positive face is offset by a negative leeward face.] 

 ▪ Individual zones within the building may be required to have neutral or negative 
pressure, such as some laboratory and industrial spaces; [Comment:  This is 
true and does not contradict, but provides motivation for the use of 
compartmentalized pressurization flow control.] 

 ▪ A building that is excessively pressurized may cause damage to the structural 
integrity of the building envelope, or cause other problems, such as difficulty 
closing doors;” §5.9.2, p,42 [Comment: Again, true, and not a contradiction.] 

 
In response to this, engineers should understand that pressurization flow could mitigate the 
impact of these pressures, but cannot eliminate them.  Controlling airflow into and out of those 
spaces is the most stable and effective method of providing the needed control.   
 
In fact, many on the ASHRAE Technical Committee for Moisture Management in Buildings 
(TC1.12) feel similarly to the opinions in the User’s Manual.  They tend to put all of their trust for 
infiltration control in sealing ability of the building envelope materials and construction.  High 
quality envelope construction and moisture barriers are some of the most important factors in 
preventing infiltration in an energy efficient way.  But they can not perform like Tupperware.  
There will always be some amount of leakage.  Differential flow control can provide the means 
to prevent the migration of humid and untreated air, to the least amount of incremental energy 
needed.  Control precision and stability should be primary objectives when the dynamic control 
of space pressurization is used. 
 
The Standard has not yet addressed wind and stack effects, nor provided guidelines that reflect 
conditions that influence buildings in their normal environment.  In addition, wind and stack 
driven infiltration during periods when the ventilation system is not operating, may be a 
significant factor influencing mold and fungal growth, e.g. offices and schools during closures.  
Designers and building operators should consider a limited night setback mode with provision 
for humidity and pressurization flow controls.  Such a provision would also tend to compensate 
for the building-generated contaminants by supplying a base ventilation rate, sufficient for 
minimal pressurization flow.  The 62.1 draft addendum (DA-40) proposed to replace §5.3 
reflects this philosophy. 
 
Another new section addresses an issue long a hindrance to the reliability of ventilation system 
components - accessibility. 
 

5.13 Access for Inspection, Cleaning, and Maintenance 
 
5.13.1 Equipment Clearance. Ventilation equipment shall be installed with sufficient working 

space for inspection and routine maintenance (e.g., filter replacement and fan belt 
adjustment and replacement). 

 
5.13.2 Ventilation Equipment Access. Access doors, panels, or other means shall be provided 

and sized to allow convenient and unobstructed access sufficient to inspect, maintain, 
and calibrate all ventilation system components for which routine inspection, 
maintenance, or calibration is necessary.  Ventilation system components comprise, for 
example, air-handling units, fan-coil units, water-source heat pumps, other terminal units, 
controllers, and sensors. 
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Systems are now also tasked with maintaining a directionally outward (positive) pressurization 
flow to provide an air barrier between the occupied space and attached parking garages. 
 

5.15 Buildings with Attached Parking Garages. In order to limit the entry of vehicular 
exhaust into occupiable spaces, buildings with attached parking garages shall be 
designed to: 
a. maintain the garage pressure at or below the pressure of the adjacent occupiable 

spaces, or 
b.  use a vestibule to provide an airlock between the garage and the adjacent 

occupiable spaces, or 
c.  otherwise limit migration of air from the attached parking garage into the adjacent 

occupiable spaces of the building in a manner acceptable to the authority having 
jurisdiction. 

 
PROCEDURES 
 
Section 6, Procedures, is the heart of the Standard.  For compliance, designers must claim 
using only one of them.  You may now choose between the Ventilation Rate Procedure (VRP) 
the Indoor Air Quality Procedure (IAQP) and newly adopted Natural Ventilation Procedure 
(NVP) to determine the minimum dilution rate required for design.  The NVP essentially deals 
with mixed-mode designs and assumes that with windows closed a mechanical ventilation 
system must be present.   
 
Designers and operators cannot selectively ignore the sections they do not like or combine parts 
from each procedure to achieve ventilation rates lower than those determined by the VRP 
alone.  You must select only one.  Great care should be given to the selection between these 
procedures. 
 
VENTILATION RATE PROCEDURE (VRP) 
 
The VRP as defined in 6.1.1: “…The prescriptive design procedure presented in Section 6.2, in 
which outdoor air intake rates are determined based on space type/application, occupancy 
level, and floor area, shall be permitted to be used for any zone or system.” 1 The key phrase is 
“prescriptive procedure in which outdoor air intake rates are determined….” Very simply, this 
implies the need for some form of airflow metering for determination and verification.   
 
The VRP detailed in §6.2 is rate based.  In fact, the entire Standard is rate-based, including the 
IAQP and NVP.  The IAQP only provides the means to calculate allowable reductions in the 
design ventilation rate from those in Table 6-1 (see also Appendix D for alternate methods of 
calculation).  The explicit statement to this effect was removed in an effort to render the 
language in the Standard more ‘code enforceable.’  
 
Designers claiming compliance with the VRP must be able to document and substantiate that 
minimum intake rates can be maintained during operation “under all load conditions,” at not less 
than the higher of either code-required levels or those indicated by table 6-1 and the result of 
calculations required for the determination of outdoor air intake flow (Vot) from the details found 
in §6.2.1 through §6.2.7.1.5. 
 
One key to the determination of Vot and thereafter Vbz, is Design Zone Population defined in 
6.2.2.1.1 as the “largest (peak) number of people expected to occupy the ventilation zone”.  As 
we will see, this variable must be determined or assumed in the calculation for Vbz which defines 
the objective of the VRP in formula 6-1. 
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One subtle change within the 2007 Standard to remember included the usage and definition of 
“breathing zone.”  It is also important to recognize that required minimum rates are no be longer 
determined solely on occupancy “per person” since mid-2003.  Separate component rate 
requirements are included to address both occupant and building-generated contaminants.  The 
significance of this change to the validity of operational control strategies for systems with 
variable populations will become apparent later in this section. 
 

6.2.2.1 Breathing Zone Outdoor Airflow.  The design outdoor airflow required in the breathing 
zone of the occupiable space or spaces in a zone, i.e., the breathing zone outdoor airflow 
(Vbz), shall be determined in accordance with Equation 6-1. 
 

Vbz = Rp Pz + Ra Az     (6-1) 
where: 
Az = zone floor area: the net occupiable floor area of the zone m2, (ft2). 
Pz = zone population: the largest number of people expected to occupy the zone during 

typical usage.  If the number of people expected to occupy the zone fluctuates,  
Pz may be estimated based on averaging approaches described in Section 
6.2.6.2.   
Note: If Pz cannot be accurately predicted during design, it shall be an estimated 
value based on the zone floor area and the default occupant density listed in 
Table 6-1.   

Rp = outdoor airflow rate required per person as determined from Table 6-1.   
Note: These values are based on adapted occupants.   

Ra = outdoor airflow rate required per unit area as determined from Table 6-1. 
Note: Equation 6-1 is the means of accounting for people-related sources and 
area-related sources for determining the outdoor air required at the breathing 
zone.  The use of Equation 6-1 in the context of this standard does not 
necessarily imply that simple addition of sources can be applied to any other 
aspect of indoor air quality.” 1  

 
Once the outdoor air is determined to be acceptable or has been treated for use indoors, we 
can begin to determine how much is needed under our specific design situation.   
 
First, we must calculate outdoor airflow requirements for the breathing zone (Vbz) and zone 
(Voz), as detailed in §6.2.2.1 through §6.2.2.3 which can be summarized below with their 
corresponding equations and reference numbers: 

 
♦ Calculate breathing-zone outdoor airflow -   Vbz = RpPz + RaAz  (6-1) 
♦ Determine zone air distribution effectiveness -  Ez   = Table 6-2 
♦ Calculate zone outdoor airflow at diffusers -   Voz = Vbz/Ez   (6-2) 

 
Then, determine the outdoor airflow requirements for the single zone system (Vot) and calculate 
minimum outdoor air intake flow.  We are given 3 general system types to choose from: 
 

♦ Single-zone systems:     Vot = Voz   (6-3) 
♦ 100% OA systems:     Vot = ∑all zones Voz  (6-4)  
♦ Multiple-zone recirculating systems 

Outside Air Intake:     Vot = Vou/Ev   (6-8) 
 
In Multi-zone recirculating systems, extends the basic equations for the single zone to include 
the variables needed to solve for Vot (Vou and Ev), as determined in §6.2.5.1 – §6.2.5.4 and 
summarized below.  These will be examined in more detail later. 
 

♦ Calculate the Zone primary outdoor air fraction:   Zp = Voz/Vpz  (6-5) 
♦ Determine the Uncorrected outdoor air intake:  
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       Vou = D ∑all zones RpPz + ∑all zones RaAz (6-6)  
♦ Accounting for Occupant Diversity:   D = Ps/∑all zones Pz  (6-7)  

 
Total intake rate at the air handler can be directly determined with hand-held instruments, when 
used in accordance with prescribed standards, or by using an appropriate and permanently 
installed airflow measuring device.  Total intake rate may be indirectly estimated by several 
other means (i.e.  Supply/Return differential calculation, temperature balance, mass balance, 
steady-state CO2 differential concentrations, etc.).  However, the excessive uncertainty of 
indirect techniques introduces a significant level of risk. 2,7  The designer, facility owner and 
occupants should carefully consider the method employed prior to implementing any CO2-based 
Demand Controlled Ventilation scheme as the sole method of intake rate control. 
 
The VRP in §6.2 recognizes the magnitude of building generated pollutants, by adding the 
“building component” to the zone ventilation equation.  Table 6-1 and the accompanying notes 
specify outdoor air requirements for specific applications/occupancies.  Equation 6-1 (§6.2.2.1 
above) is now based on the summation of ventilation rates per person (as CFM/p) + ventilation 
rates per floor area (as CFM/ft2).  Therefore, systems that meet these requirements will account 
for: 

(a) the minimum requirements of Table 6-1, combined with  
(b) the calculated volume of outdoor air required by 6.2 and  
(c) the outdoor air quality requirements set forth in Section 4  
(d) while “under any load condition,”  

 
…and can claim that their ventilation system complies with the Standard through the VRP.   
 
Under ideal and very specific conditions, CO2 concentration differentials (inside to outdoors) can 
only reflect the rate that outdoor air enters the building on a per person basis – through any and 
all openings.  Therefore, CO2-based DCV with single ‘ppm’ set point control cannot be 
implemented under the new requirements of Standard 62.1 unless applied with excessive 
conservatism (over ventilation) and the accompanying increase in energy usage.  Otherwise, 
CO2-based DCV will invariably under ventilate some spaces, over ventilate other spaces or 
require that the Standard be interpreted to allow large airflow control errors that will result from 
using multiple CO2 sensor inputs. 
 

Table 1: Resultant Ventilation Rate/pp based on Fixed ΔCO2 Set Point, using Steady-state CO2 Formula 
and compared to current minimum requirements for different populations 
  

(Area = 1,000 ft2) 

# People Required 
Total OA  CFM/Person CO2 Rise  

[Ci-Co] 
Comments  

7 (+17%) 95 CFM 13.5 807 ppm } Under ventilated  
6 (base) 90 CFM 15 700 ppm using a 700 ppm differential 

set point

5 (-17%) 85 CFM 17 644 ppm  } Over ventilated  3 (-50%) 75 CFM 26 438 ppm 

Total OA CFM Required = 0.06 CFM/ft2 + 5 CFM/person (Source: ASHRAE 62.1-2010, Table 6-1, offices) 

Calculated using the concentration balance formula in ASHRAE 62.1 Appendix C,  
at Various Population Densities in an Office Space  2 
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Indirect measurements for control typically carry such a large degree of uncertainty, one can 
never be secure that the controlled variable (ventilation rates) will not drop below or 
substantially exceed the mandated minimums under “all operating conditions.”   
 
Compliance with the IMC minimum ventilation requirements using CO2 is not explicitly allowed.  
Section 403.3.1 requires that the “actual population” of the zone be used to determine the 
amount of outdoor air required.  Approval is entirely at the discretion of the “Authority Having 
Jurisdiction,” subject to a successful application for the variance.  Compliance with ASHRAE 
62.1 using CO2 inputs is indicated in the Manual, but the method is the responsibility of the 
designer.  The latest 62.1 User’s Manual 10 does attempt to offer possible alternatives, but the 
limitations in use and vagueness leave much to the determination of the individual designer – 
and entirely at your own risk.   
 
MULTI-SPACE ‘EQUATIONS’ BECOME A DESIGN ‘PROCEDURE’ 
 
Once the breathing zone outdoor air requirement is determined, the Standard requires an 
adjustment based on the distribution system efficiency and effectiveness.  This makes complete 
sense since the air must reach the breathing zone to be effective.   
 
Multi-zone recirculating systems are not as efficient as 100% OA systems and are therefore 
required to be factored by their approximate and relative inefficiency.  We are given two 
methods to determine this factor: 
 

1. Table 6-3, “default Ev” method 
2. Appendix A, “calculated Ev” method 

 
These methods produce significantly different results.  The more precise one is contained in 
Appendix A and as might be expected, is more involved.  The table’s conciseness requires it to 
be more conservative and therefore is not as efficient in many situations. 
 
For each multiple zone recirculating system (VAV or CAV), the primary outdoor airflow fraction 
must be calculated for all zones that may become ‘critical’ (only one zone can be critical on CAV 
systems).  The “critical zone” is defined as the zone that has the highest percentage of outdoor 
air required in the primary air stream.  When analyzing a VAV system dynamically, treat it as a 
CAV system. 
 
As an example, if the supply air distribution system is located close to the return air, a short 
circuit is generally created.  The Standard requires designers to use a zone air distribution 
effectiveness (Ev) of 0.5 which essentially doubles the amount of outdoor air required.  In 
contrast to this example, a system with a ceiling supply and a ceiling return has a zone 
distribution effectiveness of 1.0 during cooling and 0.8 during heating.  Therefore, the outdoor 
air set point must be reset seasonally or a more conservative and less energy-efficient factor 
must be used.  This is another push by the standard to spot light the operating efficiencies of a 
dynamically controlled design. 
 
Systems that provide a variable supply of air volume to the conditioned space are influenced by 
almost everything previously discussed.  In addition, outdoor airflow rates will vary as a result of 
changes in mixed air plenum pressure.  If the design did not assume the worst-case scenario 
when the outdoor airflow rate for the air handler was determined, outdoor airflow rates on VAV 
systems may need to be reset based on calculations of the multi-space equations (6-5 through 
6-8, defined in §6.2.5 below), in order to avoid potentially excessive over ventilation and the 
associated energy penalty. 
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“6.2.5 Multiple-Zone Recirculating Systems.  For ventilation systems wherein one or more air 
handlers supply a mixture of outdoor air and recirculated air to more than one ventilation 
zone, the outdoor air intake flow (Vot) shall be determined in accordance with Sections 
6.2.5.1 through 6.2.5.4. [Equations 6-5 through 6-8]. 

  
6.2.5.1 Primary Outdoor Air Fraction.  Primary outdoor air fraction (Zpz) shall be determined for 

ventilation zones in accordance with Equation 6-5. 
 

Zp = Voz/Vpz       (6-5) 
 
where Vpz is the zone primary airflow, i.e., the primary airflow rate to the ventilation zone 
from the air handler, including outdoor air and recirculated air. 
Note: For VAV-system design purposes, Vpz is the lowest zone primary airflow value 

expected at the design condition analyzed. 
Note: In some cases it is acceptable to determine these parameters for only selected 

zones as outlined in Normative Appendix A. 
 
6.2.5.2 System Ventilation Efficiency.  The system ventilation efficiency (Ev) shall be 

determined in accordance with Table 6-3 or Normative Appendix A. 
 
6.2.5.3 Uncorrected Outdoor Air Intake.  The uncorrected outdoor air intake (Vou) flow shall be 

determined in accordance with Equation 6-6.. 
 

Vou = D ∑all zones RpPz + ∑all zones RaAz    (6-6) 
 
6.2.5.3.1 Occupant Diversity. The occupant diversity ratio (D) shall be determined in 

accordance with Equation 6-7 to account for variations in population within the ventilation 
zones served by the system.:  

 
D = Ps / ∑all zones Pz      (6-7)  

 
where the system population (Ps) is the total population in the area served by the system. 
 
Exception: Alternative methods to account for occupant diversity shall be permitted, 
provided that the resulting Vou value is no less than that determined using Equation 6-6. 
Note: The uncorrected outdoor air intake (Vou) is adjusted for occupant diversity, but it is 
not corrected for system ventilation efficiency. 

 
6.2.5.4 Outdoor Air Intake.  The design outdoor air intake flow (Vot) shall be determined in 

accordance with Equation 6-8. 
 

Vot = Vou / Ev       (6-8)” 1 
 

Advanced VAV control strategies can dynamically satisfy the requirements of §6.2.5.1 – 
§6.2.5.4 and therefore operate systems more efficiently than static strategies.  This can be 
accomplished by automatically determining the critical zone fraction, to continuously calculating 
the corrected fraction of outdoor air.  The calculation requires that the total supply airflow rate be 
continuously measured and the airflow rate of the critical zones use permanent airflow 
measuring devices capable of better than average accuracy, especially at low airflow rates.   
 
Differential pressure-based airflow sensors traditionally provided with VAV boxes should not be 
used for these calculations.  Although the OEM devices may be adequate in modulating a 
terminal box for thermal comfort, the combination of typically poor inlet conditions, low quality 
pressure pickups and low cost pressure sensors in the DDC controller will not result in the 
measurement accuracy necessary for proper calculation of Equations 6-1 and 6-5 through 6-8.  
Conservative mathematical modeling has demonstrated that typical VAV box measurement 
performance can be statistically exceeded by boxes without a measurement device 2.  Accurate 
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airflow measuring devices having a total installed accuracy better than 5% of Reading at 
maximum system turndown should be installed in the supply ducts for critical zones.   
 
The result from these multi-space equations can provide wide variations in outdoor airflow 
requirements in some systems.  Increasing the critical zone supply flow while using reheat, can 
reduce total outdoor airflow rates and overall energy usage.  This method has been simulated at 
Penn State University using the multi-space equation from Standard 62-2001, with published 
results showing greater energy efficiency than the same system supplying the maximum, worst-
case Vot continuously.  The basic variables, relationships and the end results should be the 
same using the VRP of Standard 62.1. 
 
The VRP continues and provides us with additional options to help make the design more 
specific to an engineer’s needs and to the demands of the situation.  You may… 
 

1. design using the short-term “averaged” population, rather than the peak – 6.2.6 (6-9) 
2. operate (and dynamically reset requirements) using “current” population data – 6.2.7, 

“DCV” 
 

6.2.6 Design for Varying Operating Conditions. 
 
6.2.6.1 Variable Load Conditions.  Ventilation systems shall be designed to be capable of 

providing the required ventilation rates in the breathing zone whenever the zones served 
by the system are occupied, including all full- and part-load conditions 1.   

 
The peak population value may be used as the design value for Pz.  Alternatively, time-
averaged population determined as described in §6.2.6.2, may be used to determine Pz. 
 
Outdoor airflow rates can also be reduced if the critical zones have variable occupancy or other 
unpredictably variable (dynamic) conditions.  Changes in occupancy (or ventilation ‘demand’) 
can be detected in many ways, as indicated in the ‘note’ below.  Therefore, Demand Controlled 
Ventilation systems otherwise known as Dynamic Reset should not be limited to CO2 
measurement inputs alone. 
 
§6.2.7 on Dynamic Reset addresses conditions where the ventilation system controls …  
 

“…may be designed to reset the outdoor air intake flow (Vot) and/or space or ventilation zone 
airflow (Voz) as operating conditions change. 
 
6.2.7.1 Demand Control Ventilation (DCV) 
6.2.7.1.1 DCV shall be permitted as an optional means of dynamic reset. 

Exception: CO2-based DCV shall not be applied in zones with indoor sources of CO2 
other than occupants or with CO2 removal mechanisms, such as gaseous air 
cleaners.”  

6.2.7.1.2 The breathing zone outdoor airflow (Vbz) shall be reset in response to current occupancy 
and shall be no less than the building component (Ra*Az) of the DCV zone. 

Note: Examples of reset methods or devices include population counters, carbon dioxide 
(CO2) sensors, timers, occupancy schedules or occupancy sensors. 

It is important to recognize here that nothing in the standard limits the definition or use of DCV 
to systems that are based upon solely upon CO2 inputs.  In fact, there are many more 
possibilities for DCV inputs and methods than are included in 6.2.7.1.2.  Serious consideration 
should also be given to the control requirement for Vbz  never to be less than the building 
component of the DCV zone.  This cannot be prevented by minimum damper position alone. 



 14 of 20 ASHRAE_62.1_Analysis.doc 

6.2.7.1.3 The ventilation system shall be controlled such that at steady-state it provides each 
zone with no less than the breathing zone outdoor airflow for the current zone population. 

It should also be noted that although the standard solves a “design” issue by specifying steady-
state conditions, engineers must recognize that the assumed conditions will normally never exist 
in spaces that by occupancy definition and usage are “variable”.  The relationship between CO2 
concentrations and airflow rate per person exist ONLY if the prerequisite assumptions are 
known and true.  There is no confirmed ‘relationship’ in the formula (C-1) without knowing all 5 
of them at a specific point in time:   

Vo = N / (Cs − Co), where: 
Vo = outdoor airflow rate per person 
Ve = breathing rate and Ce = CO2 concentration in exhaled breath are mostly dependant 

on the activity level and diet of the occupants 
N  = CO2 generation rate per person is generally underestimated and varies 
Cs = CO2 concentration in the space may contain large sampling errors 
Co = CO2 concentration in outdoor air cannot be assumed a fixed value 

Each component variable also imparts its own uncertainty to the calculation, when used 
operationally for intake control.  Other factors also influence the reliability of control strategies 
based on this method: Sensor precision (published 150 ppm error range = 28-30% OA intake 
uncertainty); Control lag and zero drift force accommodations (±75 ppm = +15% / -13% Vot); 
Outdoor concentrations can vary significantly and cannot be assumed to be fixed (±50 ppm = 
+11% / -7% Vot); Sensor sensitivity to environmental changes contributes to sensor error and 
reliability12.  The accumulated potential RMS error can easily be as large as 50% of the 
volumetric set point.  Although this may satisfy some engineers, “close” cannot be concluded 
from the error potential in these factors and variables. 

It is a big problem for designers to select a method of control ventilation to the variably occupied 
space that does not violate compliance with the “no less than” Vbz minimums, which can only be 
calculated for the “current zone population.”   

This catch-22 generally forces many toward conservative solutions and over ventilate, to require 
a purge prior to occupancy, to hedge outdoor concentration averages in formulae and otherwise 
supplement the deficiencies in the control method to avoid problems.  This does not sound very 
energy efficient and defeats much of the CO2 hype which convinced designers to use DCV in 
the first place.   

The next provision recognizes the significance of maintaining proper pressurization flow 
direction, which can be more problematic when ventilation rates vary with the population.  A 
dynamically controlled exhaust rate may also be necessary. 

6.2.7.1.4 When the mechanical air-conditioning system is dehumidifying, the current total outdoor 
air intake flow for the building shall be no less than the coincident total exhaust airflow. 

6.2.7.1.5 Documentation. A written description of the equipment, methods, control sequences, 
set points, and the intended operational functions shall be provided. A table shall be 
provided that shows the minimum and maximum outdoor intake airflow for each system. 

6.2.7.2 Ventilation Efficiency. Variations in the efficiency with which outdoor air is distributed to 
the occupants under different ventilation system airflows and temperatures shall be 
permitted as an optional basis of dynamic reset. 

6.2.7.3 Outdoor Air Fraction. A higher fraction of outdoor air in the air supply due to intake of 
additional outdoor air for free cooling or exhaust air makeup shall be permitted as an 
optional basis of dynamic reset. 

 
There is no direction in the Standard on how to implement Dynamic Reset using CO2, which 
was left to be addressed by the User’s Manual.  This section of the Standard, independent of 
the User’s Manual, would lead one to believe that CO2 is a method of ‘counting’ and not an input 
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to be used for direct ventilation control.  They are two entirely separate things, defined by the 
level of certainty available by the method.  Any reasonably accurate counting method could be 
used to reset a flow rate established and controlled by some other measurement means.   
 
We recommend that you read the latest 62.1 User’s Manual, particularly sections 6.2 on the 
VRP and Appendix A on CO2-based Demand Controlled Ventilation.  It only discusses interior 
CO2 measurement (using an assumed average for outdoor concentrations) as a means of 
partially satisfying the VRP through Dynamic Reset.  The designer is “on-his-own” to determine 
how to satisfy the remaining part of the requirement.  The User’s Manual may not provide firm 
“how-to” guidance and may generate more questions than answers.  But, it should help 
everyone get a better understanding of the committee’s intentions and some directions they 
may use to seek solutions.  Here are some excerpts from Appendix A. 
 

“Overview - This appendix describes how CO2 concentration may be used to control the occupant 
component of the ventilation rate.  [AUTHORS’ NOTE: This circumvents discussing how to 
handle the building component.]  The approaches described may be used to dynamically control 
ventilation in compliance with § 6.2.7.” and “… it is most cost effective in those occupancies that 
have a high design occupancy density but which are not occupied at that density consistently.  
Examples include ballrooms, conference/meeting rooms, and lecture halls.”  Pg.  A-1 
 
“…the steady-state assumption in Equation A-H is made not because the actual system is at 
steady-state but because the ventilation rate equation, Equation 6-B, is based on steady-state 
conditions.”  And “…In practice, acceptable performance will also hinge on the ability of the 
control system to sense CO2 concentrations and adjust ventilation rates according to the 
equation.  Pg.  A-3 
 
“…the most accurate approach…results in actual differential CO2 concentration measurement, 
this approach can also be the least accurate and reliable due to sensor inaccuracy.…The 
accuracy of differential CO2 concentration measurement can be improved by using a single CO2 
sensor with a sampling pump, sequenced valves, and tubes piped to the zone and to the 
outdoors—but first costs will be higher.” Pg.  A-4 

 
The User’s Manual implies that using CO2-DCV for the direct control of intake rates is 
problematic, risky and inaccurate, violates the requirements of Chapter 4 - Ventilation in the IMC 
and may not even lead to compliance with the VRP requirements of Standard 62.1.  This is a 
problem for the use of CO2, should you expect to also satisfy the minimum requirements of the 
VRP. 
 
What else does the User’s Manual say about systems, controls and equipment that are not in 
the Standard?  Quite a bit.  The document is very well done and should provide significant help 
to many in the understanding and application of the Standard.  Some of the more significant 
issues that are clarified include the following: 
 

“Ventilation System Controls (§ 5.3)…The system must be designed to maintain the minimum 
outdoor airflow as required by § 6 under any load condition.  …In order to comply, most VAV 
systems will need to be designed with outdoor airflow sensors and modulating dampers or 
injection fans.” Pg.  29-30 
  
“In the past, the part-load ventilation requirement has been neglected in many VAV systems.  In 
most cases, an active control system must be provided at the air intake and sometimes at the 
zone level to ensure minimum rates are maintained.” Pg.  31 
 
“Variable Air Volume System …Note that a fixed-speed, outdoor-air fan without control devices 
will not maintain rates within the required accuracy …Using return air, outdoor air, and mixed air 
temperatures or CO2 concentrations to measure [AUTHORS’ NOTE: Intake rates would be 
indirectly estimated in this example – not measured] air intake percentage is usually inaccurate 
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when the outdoor and indoor values are close together and thus should only be used with 
caution.  Similarly, measuring [estimating] outdoor air by taking the difference between supply- 
and return-airflow measurements will also seldom meet reasonable accuracy requirements due to 
cumulative errors in airflow measurement and the generally small outdoor airflow rate relative to 
supply and return-airflow rates.” Pg.  31 

 
Because of the high risk of noncompliance and potential excess energy costs (or insufficient 
dilution air), intake rates should not and cannot be determined indirectly by the ‘counting’ device 
alone.  So, how should your control strategy be designed to comply with Standard 62.1?  For 
CONSTANT OCCUPANCY (or at least consistent populations) use design conditions to set a 
fixed outside air rate at the AHU in accordance with the Ventilation Rate Procedure and use an 
outside airflow station to maintain that level. 
 
Unless occupancy is extremely variable, there is little to gain by using DCV with the 
requirements of ASHRAE 62.1-2010.  In the example used in our IAQ Seminars, reducing a 
space population -10% would result in a reduction of the outside air by only 3.2%.  Is that 
enough savings to accept the risk of non-compliance or negative impacts on productivity?  
Consider using occupied/unoccupied switches to reset outside air based on design occupancy 
of variable occupancy zones. 12 
 
For UNPREDICTABLY VARIABLE AND DENSELY OCCUPIED SPACES, other digital 
occupancy counting technologies are becoming available that will help users to comply with this 
standard, most codes and avoid all of the risk and uncertainty of using CO2.   
 
INDOOR AIR QUALITY PROCEDURE 
 
The alternative IAQP is described in 6.1.2: “…This performance-based design procedure 
(presented in Section 6.3), in which the building outdoor air intake rates and other system 
design parameters are based on an analysis of contaminant sources, contaminant 
concentration limits, and level of perceived indoor air acceptability, shall be permitted to be used 
for any zone or system.” 1   Any analysis of this procedure quickly reveals the clear discussion of 
airflow rate requirements based on varying contaminant levels.   
 
Section 6.3 INDOOR AIR QUALITY PROCEDURE begins by outlining its objective – Vbz or Vot 
 

6.3 Indoor Air Quality Procedure.   Breathing zone outdoor airflow (Vbz) and/or system 
outdoor air intake flow (Vot) shall be determined in accordance with Sections 6.3.1 thru 
6.3.5. 

 
The concept of providing “performance-based” solutions is desirable in principle.  However, 
there are numerous risks associated with both the quantitative and subjective evaluations 
provided within the IAQ procedure that every designer should understand.  Here are the 
specifics of the IAQP. 
 

6.3.4 Design Approach.  Zone and system outdoor airflow rates shall be determined in 
accordance with Section 6.3.4.1 and 6.3.4.2 based on generation rates, target 
concentrations and other relevant design parameters (e.g., air cleaning efficiencies and 
supply airflow rates). 

 
6.3.4.1 Mass Balance Analysis. Using a steady-state or dynamic mass-balance analysis, 

determine the minimum outdoor airflow rates required to achieve the concentration limits 
specified in Section 6.3.2 for each contaminant or mixture of concern within each zone 
served by the system. 

 
Notes: 



 17 of 20 ASHRAE_62.1_Analysis.doc 

a. Appendix D includes steady-state mass-balance equations that describe the impact of 
air cleaning on outdoor air and recirculation rates for ventilation systems serving 
a single zone. 

b. In the completed building, measurement of the concentration of contaminants or 
mixtures of concern may be useful as a means of checking the accuracy of the 
design mass-balance analysis, but such measurement is not required for 
compliance. 

 
6.3.4.2 Subjective Evaluation. Using a subjective occupant evaluation conducted in the 

completed building, determine the minimum outdoor airflow rates required to achieve the 
level of acceptability specified in Section 6.3.3 within each zone served by the system. 

 
Notes: 
a. Appendix B presents one approach to subjective occupant evaluation. 
b. Level of acceptability often increases in response to increased outdoor airflow rates, 

increased level of indoor and/or outdoor air cleaning, or decreased indoor and/or 
outdoor contaminant emission rate. 

 
The SSPC has gone a long way toward making design results from the new IAQP more 
predictable and therefore useful.  From equating the airflow rate components to those used in 
the VRP, to making the multi-part procedure interdependent (must perform all, not chose one 
from a list of alternatives as before) to adding a real stroke of common sense: allow the 
combined use of both procedures and make sure the results exceed the VRP-only minimum 
rates. 
 

6.3.4.3 Similar Zone. The minimum outdoor airflow rates shall be no less than those found in 
accordance with Section 6.3.4.2 for a substantially similar zone (i.e., in a zone with 
identical contaminants of concern, concentration limits, air cleaning efficiency, and 
specified level of acceptability; and with similar contaminant sources and emission rates). 

 
6.3.5 Combined IAQ Procedure and Ventilation Rate Procedure. The IAQ procedure in 

conjunction with the Ventilation Rate Procedure may be applied to a zone or system. In 
this case, the Ventilation Rate Procedure shall be used to determine the required zone 
minimum outdoor airflow, and the IAQ Procedure shall be used to determine the 
additional outdoor air or air cleaning necessary to achieve the concentration limits of the 
contaminants of concern.  

 
Note: The improvement of indoor air quality through the use of air cleaning or provision 

of additional outdoor air in conjunction with minimum ventilation rates may be 
quantified using the IAQ procedure. 

 
Since there are numerous contaminants that either will not be detected or for which “definite 
limits have not been set,” this portion of the procedure has significant risk associated with it.  It 
is unlikely that all contaminants of concern will be evaluated or reduced to acceptable levels.  It 
is also not practical to measure all potential contaminants and in some cases, such as with 
fungus or mold, measurement may not be possible. 
 
Since airflow rates are typically reduced in the IAQP, the measurement and control of intake 
rates are even more critical, especially on systems where the thermal load change is 
independent of the occupants and their activities.  In addition, caution should be exercised when 
reducing outdoor airflow rates since it is also required to maintain proper building pressure, 
helping to minimize energy use, improve comfort control and prevent mold growth within exterior 
wall cavities. 
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DESIGN DOCUMENTATION PROCEDURES 
 
Section 6.6, Design Documentation Procedures, states:  
 

Design criteria and assumptions shall be documented and should be made available for operation 
of the system within a reasonable time after installation. See Sections 4.3, 5.1.3, 5.16.4, 6.2.7.1.5 
and 6.3.6 regarding assumptions that should be detailed in the documentation.”  

 
Within Systems and Equipment §5.1.3, requires us to:  
 

… The design documents shall specify minimum requirements for air balance testing or reference 
applicable national standards for measuring and balancing airflow. The design documentation 
shall state assumptions that were made in the design with respect to ventilation rates and air 
distribution.. 

 
Providing permanently installed instruments and controls that result in, and used to verify 
compliance with ASHRAE Standard 62.1 is perhaps one of the best reasons to provide such 
devices as part of any HVAC system design.  Standard 189.1 recognizes the potential 
contribution of these devices and specifies their use as an alternative means of compliance in 
§7.4.3.2 and 10.3.2.1.4.  Continuous data inputs may also be used to aid start-up Test and 
Balance, Commissioning, Measurement and Verification (M&V) for energy usage calculations 
and ongoing diagnostics.  More precise and more reliable control could be viewed as a bonus. 
 
CONSTRUCTION AND SYSTEM START-UP 
 
Section 7 addresses the construction and start-up phases of the project and has been included 
because a significant number of documented IAQ cases were a result of activities which took 
place during these phases of the project.  The Construction Phase, addressed in Section 7.1.1 
of the Standard, applies to “ventilation systems and the spaces they serve in new buildings and 
additions to or alterations in existing buildings.” 1 The Standard addresses both the protection of 
materials and protection of occupied areas. 
 
Mechanical barriers are specified in §7.1.4.2 to protect occupied areas from construction-
generated contaminants.  In addition, the HVAC system must be able to maintain occupied 
spaces at positive pressures with respect to the construction areas.  In many cases, the HVAC 
system does not have adequate capacity and/or controls to provide a barrier to the migration of 
contaminants using positive pressurization flow.  Designers must consider the condition of the 
existing ventilation system and its ability to maintain a pressurized environment for spaces 
expected to continue occupancy, prior to initiating physical construction activities at the site. 
 
The start-up phase, covered in Section 7.2 provides guidelines for air balancing, testing of drain 
pans, ventilation system start-up, testing of damper controls, and documentation requirements.   
 
§7.2.2, Air Balancing, requires that systems be balanced “at least to the extent necessary to 
verify conformance with the total outdoor air flow and space supply air flow requirements of this 
standard.”1  Unfortunately, the airflow rates of the system will vary after this activity has 
occurred, in most systems, for reasons discussed in the analysis of Section 5 - Systems and 
Equipment.  When applied in accordance with the manufacturer’s recommendations, some 
airflow measuring devices only require the verification of operation by Test and Balance 
professionals.  This TAB “snap-shot” of airflow rates is analogous to providing a one-time setup 
for temperature control, which would not be very effective.  Providing permanently mounted 
airflow measuring stations would also support compliance with and reduce the time required to 
supply the documentary requirements for ventilation set forth in §7.2.6 (c). 
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OPERATIONS AND MAINTENANCE 
 
If the building is altered or its use is changed, the ventilation system must be reevaluated.  
Buildings that are likely to be changed or altered during their life span, should consider including 
a robust HVAC system design that takes into account changes in airflow rate requirements 
imposed by this Standard.  Of course, provisions for permanently mounted airflow measurement 
devices and controls would significantly reduce both the cost and time associated with such 
changes as long as the HVAC load capacity could accommodate future requirements.   
 
§8.4.1.7 addresses sensors.  “Sensors whose primary function is dynamic minimum outdoor air 
control, such as flow stations…” are discussed in this section even though they were not 
mentioned under Section 5, Systems and Equipment.  Section 8.4.1.7 requires that sensors 
have their accuracy verified “once every six months or periodically in accordance with the 
Operations and Maintenance Manual.” 1 The Operations and Maintenance Manual for some 
factory-calibrated airflow measuring devices does not recommend field recalibration for two 
simple to understand reasons: field conditions are typically less-than-ideal for precision and the 
reference standard/equipment and method used generally have much greater uncertainty than 
either the device under test or the factory standards.  Permanently calibrated airflow 
instrumentation (having effectively zero drift over their projected life) would have a significant 
advantage over other airflow measuring technologies and CO2 sensors, whose sensors and 
transmitters are subject to frequent adjustments, zeroing or regular calibrations to correct for 
drifting analog electronic circuitry and sensors. 
 
However, §8.4.1.8, Outdoor Air Flow Verification, only requires the verification of airflow rates 
“once every five years.”1  Since external and system factors change continuously influencing 
outdoor airflow rates, this requirement does little to assure that proper ventilation rates are 
maintained under normal operation over extended periods.  It effectively places the verification 
burden of new building/system performance on the building operator, who is often not in a 
position to make such a determination.  In fairness, this requirement was likely intended for 
smaller systems and those that do not vary their capacity during operation, but the item does 
not make that distinction. 
 

“If measured minimum airflow rates are less than the design minimum rate (±10% balancing 
tolerance) documented in the O&M Manual, they shall be adjusted or modified to bring them to 
the minimum design rate or evaluated to determine if the measured rates are in compliance with 
this standard.” 

 
This apparent contradiction with §8.4.1.7 and the assumption that the measurement device 
always needs adjustment, will likely be examined and clarified by the ASHRAE SSPC 62.1 
committee in the near future.  Permanent outdoor airflow measuring stations would provide 
continuous verification and the necessary control inputs to maintain ventilation requirements, 
automatically minimizing intake rates for energy usage and preventing other control inputs from 
causing a maximum intake limit from being exceeded. 
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CONCLUSIONS 
 
ASHRAE Standard 62.1 prescribes dilution ventilation rates for acceptable indoor air quality.  It 
should be clear to the building operator and the design professional that the dynamic nature of 
mechanical ventilation requires dynamic control to insure the continuous maintenance of 
specific predetermined conditions.  As a rate-based standard, continuous airflow measurement 
should logically be a central component of any effective control strategy to assure acceptable 
indoor air quality, as recently implemented in the latest LEED Rating Systems (2012) credit 
requirement EQc1 – “Outdoor Air Delivery Monitoring” for New Construction, Existing Buildings 
and Core and Shell Construction, et. al. 9 

REFERENCES AND BIBLIOGRAPHY 
 
1  ANSI/ASHRAE Standard 62.1-2010, Ventilation for Acceptable Indoor Air Quality in Commercial, Institutional, 

Industrial and High Rise Residential Buildings.  American Society of Heating, Refrigeration and Air-Conditioning 
Engineers, Inc.: Atlanta, 2010. 

2  Dougan, David S.  IAQ by Design and Airflow Measurement for Acceptable Indoor Air Quality.  Proceedings from 
IAQ Seminars.  EBTRON, Inc.: Loris, SC, 1999-2010. 

3  Solberg, David P.W.; Dougan, David S.; Damiano, Leonard A.  Measurement for the control of fresh air intake.  
ASHRAE Journal 1990, 32 (1). 

4  CEN (European Committee for Standardisation).  Design criteria and the indoor environment.  In the Technical 
Report CR1752.  TC156 Ventilation for Buildings: Brussels, 1998-2007.   

5  ASHRAE Board of Directors.  Minimizing Indoor Mold Through Management of Moisture in Building Systems.  
Position Paper.  American Society of Heating, Refrigeration and Air-Conditioning Engineers, Inc.: Atlanta, June 
2005. 

6  Krus, M.; et.  al.  A New Model for Mould Prediction and its Application on a Test Roof.  Fraunhofer Institute for 
Building Physics, Branch Institute Holzkirchen.  : Munchen, 1999; 
(www.hoki.ibp.fhg.de/ibp/publikationen/konferenzbeitraege/pub1_39.pdf accessed March 2005).   

7  Brennan, Terry; Cummings, James; Lstiburek, Joseph.  Unplanned Airflows & Moisture Problems.  ASHRAE 
Journal 2002, 44 (11), 48. 

8  Krarti, M.; et al.  Techniques for Measuring and Controlling Outside Air Intake Rates in Variable Air Volume 
Systems, Final Report on ASHRAE RP-980.  University of Colorado: Boulder, 1999. 

9  US Green Building Council; LEED Green Building Rating Systems (2012), Downloaded Public Review draft on 
November 15, 2010 at http://www.usgbc.org/ 

10  Standard 62.1-2010 User’s Manual.  American Society of Heating, Refrigeration and Air-Conditioning Engineers, 
Inc.: Atlanta, 2011. 

11  ANSI/ASHRAE/USGBC/IES Standard 189.1-2009, Standard for Design of High-Performance Green Buildings, 
American Society of Heating, Refrigeration and Air-Conditioning Engineers, Inc.: Atlanta, 2009. 

12  Damiano, Leonard A.  Reduction of Errors in Ventilation Rate Determinations.  ASHRAE Transactions, Volume 
116, Part 2, American Society of Heating, Refrigeration and Air-Conditioning Engineers, Inc.: Atlanta, 2010. and 
Seminar AB-10-C007, ASHRAE Conference 2010 – Albuquerque, NM, June 27, 2010. 

 
 
 
 
 
 
 
 
 
Copyright 2005-2011 ©EBTRON, Inc., Loris, SC, USA. 
 
Text enclosed in quotation marks and/or displayed in dark blue type are quotations from ASHRAE Standard 62.1- 2010 and 62.1 
User’s Manual are copyrighted 2010, 2011 respectively by the American Society of Heating and Air-Conditioning Engineers, Inc., 
Atlanta, Georgia.   



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


