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Challenges with the traditional ventilation approach to IAQ



The challenge for designers, owners and operators
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“How to enhance indoor air quality and resilience while minimizing energy impact and 

project first cost?”



The old paradigm: More outside air for better indoor air quality
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Large volumes of outside air mixed with recirculated 
air to dilute indoor generated contaminants 

Conditioned air

Contaminated air generated 
by people and the building

HVAC



Challenge: High outside air requirements = high energy usage



Challenge: High outside air requirements = high energy usage

More Outside Air = More Energy Used = More Emmissions = More Money Spent
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ENERGY USE INTENSITY   (ventilation energy kBtu/ft2/year) ANNUAL OPERATING COST   (ventilation + fan energy costs)

1.4

3.7

4.7

Min OA + Cleaning
(IAQP)

Min OA no Cleaning
(VRP)

Increased OA
(VRP + 30%)

V E N T I L A T I O N  S T R A T E G Y  

$18,314 

$30,617 

$36,759 

Min OA + Cleaning
(IAQP)

Min OA no Cleaning
(VRP)

Increased OA
(VRP + 30%)

V E N T I L A T I O N  S T R A T E G Y  

More Outside Air More Outside Air

The above scenarios are for a 100,000 ft2 all electric office building. 
More air changes means higher HVAC system costs, higher HVAC operating costs, and higher total EUI.



Challenge: Outside air is not always “fresh”
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School in an urban 
environment



Challenge: Larger systems = Larger building footprint, More maintenance
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Roles of Codes & Standards – ASHRAE 62.1



ASHRAE Standard 62.1
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Standard 62.1 specifies minimum ventilation rates and other 
measures intended to provide indoor air quality (IAQ) that is 
acceptable to human occupants and that minimizes adverse health 
effects.

Applies to all commercial applications except critical care healthcare 
(see ASHRAE Standard 170) and laboratories with hazardous 
materials.

ASHRAE 62.1 is for the design of commercial buildings in standard 
operation. Other ASHRAE standards exist with design 
recommendations for specialized scenarios (i.e. ASHRAE 241 Control 
of Infectious Aerosols).

Latest version is 62.1-2022 (Released September 30th, 2022)



Compliance: Ohio Mechanical Code

Chapter 15 (Reference Standards):

Section 403.2:



ASHRAE 62.1-2019 - Outdoor Airflow Procedures

The Ventilation Rate Procedure (VRP), the Indoor Air Quality Procedure (IAQP), the Natural Ventilation Procedure, or 
a combination thereof shall be used to meet the requirements of this section of the code.

Ventilation Rate Procedure.  Prescriptive design procedure presented

Indoor Air Quality Procedure. Engineered approach procedure

Natural Ventilation Procedure. Outdoor air is provided through openings to the outdoors. 

 



Traditional approach to Ventilation: The VRP



The Prescriptive Approach - VRP
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Standardized, well known calculations

Based on air pollution research, ASHRAE determined ideal ventilation rates in table 6.2.2.1

Minimum Ventilation Rates in Breathing zones

• Correctional facilities

• Education

• Food/beverage

• Generic spaces

• Hospitality (hotels/resorts)

• Office Buildings

• Misc Retail/Manufacturing

• Public Assembly

• Residential

• Retail

• Sports/Entertainment

*Must know square footage and occupant design (typically 

from architect or owner) for each space or use default 

occupant density if occupant design unknown.



Vbz = (Rp * Pz) + (Ra * Az)

Air quality is maintained by flushing contaminants in “stale” air with “fresh” outside air.

The VRP method utilizes a prescriptive approach to determine the quantity of outdoor air required to achieve “acceptable 

air quality” based on use of zone.

VRP Defined: What it does

Vbz = breathing zone outdoor airflow rate

Rp = outdoor airflow rate required per person via ASHRAE 62.1

Pz = # of people in zone during use (via ASHRAE 62.1 or 

occupant load design)

Ra = outdoor airflow rate required per unit area via ASHRAE 62.1

Az = net occupied floor area of ventilation zone



Ventilation Effectiveness
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Must account for Zone Air Distribution Effectiveness (IMC 2021 table 403.3.1.1.1.2)

Voz = Vbz / Ez

Voz = zone outdoor airflow

Vbz = breathing zone outdoor airflow rate

Ez* = zone air distribution effectiveness

*some engineers may use Ez = 1.0 for simplicity, but Ez = 0.8 should 

be used for heating mode. System should be designed for worst case.



VRP Example
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Typical Classroom in Heating Mode Vbz = (Rp * Pz) + (Ra * Az)

Voz = Vbz / Ez• Area?

• Occupants?

• ASHRAE defined values?



VRP Example
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Typical Classroom in Heating Mode

Vbz = (Rp * Pz) + (Ra * Az)

Voz = Vbz / Ez

• 900 sq ft

• 30 students

Rp = 10cfm/person

Pz = 30 (defined from owner, default would be 25)

Ra = .12cfm/sq ft

Az = 900 sq ft (defined from architect or existing plan)

Vbz = (10 cfm/person * 30 people) + (.12cfm/sq ft * 900 sq ft)

OA load for people        OA load for floor area

Vbz = 300 CFM + 108 CFM

Vbz = 408 CFM

Ez = 0.8

Voz = 408 CFM / 0.8

Voz = 510 CFM



Paradigm Shift: the IAQP



ASHRAE 62.1-2019 allows for less outside air with compliant air cleaning
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Ventilation Rate Procedure
(VRP)

Indoor Air Quality Procedure 
(IAQP)

Methodology
Prescriptive:
Outside air based on area and occupancy without 
accounting for air cleaning. 

Performance-based:
Outside air based on IAQ design targets and source-
control and removal measures.

Indoor Air Quality
Depends on quality of outside air and any unusual 
indoor air contaminates. 

Equivalent or better than VRP, especially when outside 
air is polluted or unusual contaminants.

Energy Intensity
Higher in many climate zones because IAQ is 
achieved using only outside air.

Often lower because a portion of the outside air may 
be replaced with cleaned indoor air. 

ASHRAE Standard 62.1-2019 includes two mechanical ventilation procedures

“one size fits all”      tailored to application



A Brief History of the IAQP in ASHRAE Standard 62.1

•The IAQP is Born

1981

•Updated 62.1 
User’s Manual 
Released

June 2021
•Addendum aa 

released to 
Standard 62.1-
2019

February 2022

•Standard 62.1-
2022 is released

September 
2022 •Addendum n 

released to 
Standard 62.1-
2022

October 2022

• IMC 2021 will 
adopt 62.1-2019 
in Ohio

March 2024

Risky for engineers
Easy to manipulate

Prescriptive / Low Risk
More rigorous



Changes to the IAQP in ASHRAE 62.1-2019

Item Standard 62.1-2010/2013 → Standard 62.1-2019

1a. Identifying contaminants of concern
Up to design engineer to decide list of 

contaminants
→

List of Design Compounds (DCs) and Mixtures of 

Compounds that are regulated (Table 6-5 & 6-6)

1b. Identifying Concentration Limit and 

Exposure Period

Up to design engineer to decide appropriate 

limits and exposure periods
→

Limit listed for each Design Compound (Table 6-5 & 6-

6)

2. Indoor Emission Rates Up to design engineer to find references → Information in User’s Manual & Appendix N

3a. Perceived IAQ Requirement No explicit requirements →

Guidance for Subjective Evaluation (80% or more of the 

people exposed do not express dissatisfaction with the 

quality of the air during survey)

3b. Verification No guidance in the Standard →

Guidance for Objective Evaluation (IAQ testing 

methods, instrument specifications, number of testing 

locations)



ASHRAE: Benefits of IAQP + air cleaning approach

“The IAQP may allow for a more cost-effective solution to providing good air 
quality, as all design strategies may be considered…” (Pg. 100)

“The IAQP may also be used to achieve better air quality than the VRP….” (Pg. 
101)

“If outdoor air is deemed to be unacceptable for general ventilation, consider 
using air cleaning and the IAQP in lieu of the VRP for the ventilation system 
design.” (Pg. 20)

“If a ventilation zone will have unusual contaminant sources or sources 
where emissions will be unusually high, additional ventilation or air cleaning 
must be included in the design…The additional ventilation or air cleaning 
required must be designed using the IAQP or based on environmental safety 
standards where there is an environmental health and safety professional 
responsible to the owner who has determined appropriate criteria.” (Pg. 76)

*Not in ASHRAE User’s Manual* - Can be used when LEED points, WELL 
points or other green building certification is desired*



62.1-2019 Addendum aa: Design Compounds & Limits (Published -  Feb 2022)

THE SOLUTION: Reduce outside air by CLEANING the air.



Air Cleaning Technologies for Improving Indoor Air Quality 

▪ Carbon filters

▪ Sorbent filters

▪ MERV-13+ filters

▪ HEPA filters

▪ Bipolar ionization

▪ Electrostatic

▪ Germacidal UV-C
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Each technology has its own selectivity and efficiency for capturing contaminants…
Indoor Air Quality Verification Testing required when utilizing the IAQP to verify system contaminant removal efficiency

ASHRAE Standard 145.2 Laboratory Test Method for Assessing the Performance of Air-Cleaning Devices
ASHRAE Standard 52.2 Method of Testing General Ventilation Air-Cleaning Devices for Removal Efficiency by Particle Size

AIR FILTERS

IONIZATION

UV LIGHT

Capture gas-phase molecules (COCs)

Capture particulates & dust

Charge contaminants and particulates

Kill airborne pathogens & microorganisms

ADSORPTION



How to utilize the IAQP in design



VdCbz = Ndt – (Vot Co dt) – (Qf Ef Cbzdt)

Cbz = contaminant concentration in space

N = emissions of new contaminants

Vot = volume of outdoor air

Co = contaminant concentration in outdoor air

Qf = volume of treated/filtered air

Ef = efficiency of filtration device

IAQP Defined



VdCbz = Ndt – (Vot Co dt) – (Qf Ef Cbzdt)

Cbz = contaminant concentration in space

N = emissions of new contaminants

Vot = volume of outdoor air

Co = contaminant concentration in outdoor air

Qf = volume of treated/filtered air

Ef = efficiency of filtration device

the amount of 
contaminants 
(COCs) in the 
space

contaminants 
being emitted 
into the space= - contaminants 

being flushed 
out of space with 
“fresh air” (but 
adding in contaminants 
already in the “fresh air”)

- contaminants 
being “trapped” 
or removed by 
filtration devices

Contaminant threshold defined



Utilizing the IAQP for your project

How to apply the IAQP with air cleaning can be summarized in four steps:
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Step 1: 
Confirm Design 

Compounds & Limits

Step 2: 
Apply emissions rates

Step 3: 
Apply air cleaning 

efficiency

Step 4: 
Perform mass balance 

analysis

Defined in ASHRAE 
62.1–2019 
Addendum aa

Defined in the updated 
62.1 User’s Manual & 
Appendix N

Test Standards defined 
in ASHRAE 62.1-2022 
addendum n. ASHRAE 
145.2 and 52.2 testing.

Utilize a validated 
IAQP calculator 
using the ASHRAE 
defined inputs



62.1-2019 Addendum aa: Design Compounds & Limits (Published -  Feb 2022)

Step 1: Confirm Design Compounds & Design Limits



Utilizing the IAQP for your project

How to apply the IAQP with air cleaning can be summarized in four steps:
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Step 1: 
Confirm Design 

Compounds & Limits

Step 2: 
Apply emissions rates

Step 3: 
Apply air cleaning 

efficiency

Step 4: 
Perform mass balance 

analysis

Defined in ASHRAE 
62.1–2019 
Addendum aa

Defined in the updated 
62.1 User’s Manual & 
Appendix N

Test Standards defined 
in ASHRAE 62.1-2022 
addendum n. ASHRAE 
145.2 and 52.2 testing.

Utilize a validated 
IAQP calculator 
using the ASHRAE 
defined inputs



Step 2: Determine Indoor Emission Rate & Outdoor Concentrations

Step 2       Determine indoor emission rates and    outdoor 
concentrations for the COCs in project location. 

The updated User’s Manual provides a list of emission rates and 
outdoor concentrations for a typical office space. 

ASHRAE points to peer-reviewed papers (Appendix N of Standard 
62.1), containing the emission rates for other applications and 
building types. 

Mechanical engineer should confirm or update outdoor 
concentrations based on the specific location of the project. 

Data for specific sites can be obtained from the local air quality 
board, fire department, emergency management agency or the 
EPA Data Site (publicly available).

Generation Rates and Outdoor Air Concentrations
(from ASHRAE 62.1-2019 User’s Manual pg. 106)

Contaminant

Generation 
Rate 

(𝛍g/h-m2)

Concentration in 
Outdoor Air

(ppb)

Concentration 
in Outdoor Air

(𝛍g/m2)

Acetaldehyde 17.45 0.98 1.77

Acetone 37.7 2.4 5.70

Benzene 0.57 1.2 3.83

Dichloromethane 1.18 0 0

Formaldehyde 37.5 3.02 3.71

Naphthalene 0.38 0.4 2.10

Phenol 6.25 0.6 2.31

Tetrachloroethylene 0.14 0.6 4.07

Toluene 146 1.1 4.15

1,1,1-trichloroethane .12 0 0

Xylene, total 3.13 0.6 2.16

Carbon monoxide 17.45 0.98 1.77

PM2.5 37.7 – 5.70

Ozone 0.57 1.2 3.83



Utilizing the IAQP for your project

How to apply the IAQP with air cleaning can be summarized in four steps:
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Step 1: 
Confirm Design 

Compounds & Limits

Step 2: 
Apply emissions rates

Step 3: 
Apply air cleaning 

efficiency

Step 4: 
Perform mass balance 

analysis

Defined in ASHRAE 
62.1–2019 
Addendum aa

Defined in the updated 
62.1 User’s Manual & 
Appendix N

Test Standards defined 
in ASHRAE 62.1-2022 
addendum n. ASHRAE 
145.2 and 52.2 testing.

Utilize a validated 
IAQP calculator 
using the ASHRAE 
defined inputs



62.1-2022 Addendum n: Test standards for air cleaners (Published - Oct 2022)

Step 3: Apply Air Cleaning Efficiency

Not yet required by code in Ohio (will likely be adopted soon)

Manufacturers required to obtain third party testing to determine 
contaminant cleaning efficiencies

Efficiencies used in IAQP equation to obtain accurate calculations 
based on air cleaning technology efficiency



Utilizing the IAQP for your project

How to apply the IAQP with air cleaning can be summarized in four steps:
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Step 1: 
Confirm Design 

Compounds & Limits

Step 2: 
Apply emissions rates

Step 3: 
Apply air cleaning 

efficiency

Step 4: 
Perform mass balance 

analysis

Defined in ASHRAE 
62.1–2019 
Addendum aa

Defined in the updated 
62.1 User’s Manual & 
Appendix N

Test Standards defined 
in ASHRAE 62.1-2022 
addendum n. ASHRAE 
145.2 and 52.2 testing.

Utilize a validated 
IAQP calculator 
using the ASHRAE 
defined inputs



Step 4: Perform Mass Balance Analysis

The updated IAQP defines inputs to the mass balance equation; making IAQP easier to apply and more robust.
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Indoor Emissions Air Cleaning

Breathing Zone   
Outdoor Airflow CFM

Vbz        =
N     -     Vc Ef Cbz

Cbz   -    Co

Outside Air Dilution

Compound Emission 
Rate (Appendix N)

Air Cleaning          
Volume x Efficiency 

(Addendum n)

Compound       
Design Limit      
(Table 6-5)

Compound    
Design Limit      
(Table 6-5)

Outdoor 
Concentration

(EPA & NAAQS)

Calculated for a defined 
list of compounds     

(Table 6-5)

Minimum inputs needed to run 
preliminary IAQP calculation:

➢Building location/Space Type 
➢Floor Area (ft2)
➢Occupancy (max and avg)



“This proposed addendum provides a calculator for mass balance equations used with the revised indoor air quality procedure.”

62.1-2022 Addendum c: ASHRAE IAQP Calculator

ASHRAE has developed a tool to help engineers use the IAQP.



IAQP Example – Air Cleaning + ASHRAE 62.1 IAQP CALCULATOR
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Typical Classroom in Heating Mode • 900 sq ft, 30 students



IAQP Example – Multiple Zones
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Typical (4) Classroom wing in Heating Mode • 900 sq ft, 30 students



VRP vs IAQP

In return, the overall energy usage of the building is reduced while maintaining air quality. 

Occupied Space

HVAC unit

More OA

Occupied Space

Smaller HVAC unit
Less OA

Air 
Cleaning

VRP IAQP

SAcfm SAcfm

Exhaust + 
Relief

Exhaust

SAcfm

Remains Constant
Heating/Cooling 
load decreased 

The IAQP method reduces the amount of outside air required by cleaning the air and reducing contaminants in the air.



The Target Application - IAQP

▪ IAQP can be applied to any space defined under ASHRAE 62.1. Common Applications include:

▪ Office buildings (Including Medical Office Space)

▪ K-12 schools / Childcare Centers

▪ Colleges / universities / libraries

▪ Assembly halls, theatres, concert venues, indoor arenas

▪ Airports / Retail / Conditioned Warehouses

Great for Green / LEED buildings / Net Zero / Decarbonization

May be applied to the entire building or just targeted at specific spaces

▪ Low Hanging Fruit: Systems with High occupancy, low exhaust above 10,000 sqft

Generally, not good candidates:

▪ Multi Family Residences & Hotel guestrooms – Exhaust Driven (exception: retail/amenities/common areas are good candidates)

▪ Kitchens & Labs – Exhaust Driven

▪ Critical Care and Negative Pressure Hospital Spaces – Governed by ASHRAE 170 (exception: MOB/Outpatient are good candidates)



Cost effective, energy efficient

▪ Decrease size of system components (equipment, piping, ductwork, electrical load, structural, etc)

▪ Decreased upfront equipment and maintenance cost

▪ Decrease equipment footprint in mechanical rooms

▪ Decrease energy expenditure and carbon footprint

▪ Increase indoor air quality

▪ IAQP can be applied to remove energy recovery wheels in large air handling equipment 

▪ Simplifies design and maintenance

▪ Eliminates risk of cross contamination from dirty exhaust air

▪ Decrease annual operating costs

▪ Some applications see a 10+ ton reduction in peak cooling load 

       by incorporating just (1) IAQP device



IAQP Helps Easily attain Green and Healthy Building Goals

LEED
• Earn points under IAQ, innovation and/or energy

• Past projects have earned up to 10 points

WELL

• Up to 2 preconditions and 5 optimization points 

in the Air concept category

“Easy Button” to cost effective LEED & WELL points, Plus Many Other Green Building Certifications!
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Project Examples Utilizing IAQP



Case Study: Harvard University Science Center – Lecture Halls

Project Overview

Building Type Auditorium/Lecture Hall

Project Type P&S Construction - MEP design, existing building

Location Cambridge, MA

Air Cleaning Modules Qty 3

Owner/Developer Harvard University

Consulting Engineer BR+A

Goals Results 

Energy Efficiency ✓

Recurring annual energy savings from 
operating smaller capacity system ($3,131 
Estimated Savings)

Enhanced IAQ ✓ Reduced levels of VOCs, PM2.5, Ozone

First Cost Savings ✓ Reduced peak HVAC Load by 14.2 tons



Case Study: Harvard M&V Results for Indoor Air Quality
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Indoor air contaminant levels were measured in 2 
locations and remained well below ASHRAE Limits. 

The IAQP design reduced outside air requirements by 68% 
from 6,500 CFM to 2,100 CFM

The project demonstrated that IAQP can be used to provide acceptable
indoor air quality with much less outside air.

3,500
3,000

6,500

1,100 1,000

2,100

AC-1 AC-2 Total

Outside Air (CFM)

VRP IAQP

Proposed Case

IAQP + Air Cleaning

Baseline Case

VRP

Design Compounds

ASHRAE 

Concentration 

Limit

(ug/m3)

Classroom Office Classroom Office

Acetaldehyde 75-07-0 140 12 4 7.9 8.4

Benzene 71-43-2 3 < 1 < 1 < 1 < 1

Toluene 108-88-3 300 < 2 < 2 < 2 < 2

Napthalene 91-20-3 9 <0.4 <0.4 <0.4 <0.4

Xylenes-total

108-38-3, 95-47-6, 500 < 2 < 2 < 2 < 2

and 106-42-3

Formaldehyde 50-00-0 33 18 16 23 31

Acetone 500 < 40 < 40 < 40 < 40

Methylene Chloride 400 < 1 < 1 < 1 < 1

Phenol 10 <0.4 <0.4 0.4 0.5

Tetrachloroethylene 35 <0.2 <0.2 <0.2 <0.2

1,1,1-Trichloroethane 500 <0.2 <0.2 <0.2 <0.2



Case Study: Harvard M&V Results for Energy & Carbon Emissions
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“Based upon the findings, the University would be well served to consider this technology in all new construction projects 
while also looking for more applications in existing buildings.”
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Project Example: – Primary School Piketon, OH
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Trane Daikin Package w/SVT

SVT Units - 4

Supply Airflow X cfm 43,250 cfm

Cleaned Return Air X cfm 4,000

Outside Air X cfm 10,958 cfm

Outside Air Reduction - 49%

Total Tonnage
(DX RTUs)

110-tons

Heating Sizing 33 1,200 MBH

Packaged DX RTUs

• (2) 55-ton Rebel Applied RTUs w/ ERWs

• (2) 20-ton Rebel RTU2 with ERWs

Equipment Sizing Using VRP

Base Package

-

43,250 cfm

-

21,526 cfm

-

150-tons

2,400  MBH



Project Example: – Primary School Piketon, OH
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Selection SA CFM OA CFM Tons HTG MBH Selection OA CFM TONS HTG MBH

(2) 55-ton Rebel Applied 15,000 12,477 55 800 (2) 40-ton Rebel Applied 7,086 40 450

20-ton Rebel 8,000 4,435 20 400 15-ton Rebel 1,830 15 200

20-ton Rebel 5250 4,614 20 400 15-ton Rebel 2,042 15 200

TOTAL 43,250 21,526 150 2,400 10,958 110 1300

ERW SVT



Project Example: – Primary School Piketon, OH
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Trane Daikin Package w/SVT

SVT Units - 4

Supply Airflow X cfm 43,250 cfm

Cleaned Return Air X cfm 4,000

Outside Air X cfm 10,960 cfm

Outside Air Reduction - 49%

Total Tonnage
(DX RTUs)

110-tons

Heating Sizing 33 1,300 MBH

Packaged DX RTUs

• (2) 40-ton RTUs w/ air cleaning

• (2) 15-ton RTUs w/ air cleaning

Equipment Sizing

Base Package

-

43,250 cfm

-

21,530 cfm

-

150-tons

2,400  MBH

Benefits of IAQP + Air cleaning
• Enhanced Indoor Air Quality design (below LEED limits)
• 6-8 additional LEED points for a performance-based indoor air quality 

design
• Peak cooling load reduced by 40 tons
• Most robust design with elimination of ERV wheels and associated 

maintenance/failures
• ~$35k in owner first cost savings (Packaged RTUs)
• Reduced operating costs 



Project Example: – Troy Library Renovation, OH
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ve VE Package w/ IAQP

Air cleaning Units - 1

Supply Airflow X cfm 1,930 CFM

Cleaned Return Air X cfm 1,000 CFM

Outside Air X cfm 930 CFM

Outside Air Reduction - 69%

Total Tonnage
(DX RTUs)

6 tons

Heating Sizing 33 150 MBH

Packaged DX + DOAS

▪ (1) Packaged AHU + Fan coils (interior load)

▪ (1) 6-ton DOAS unit (1,250 CFM OA)

▪ (1) 10-ton DOAS unit (1,750 CFM OA)

▪ Project over budget and at risk of not moving forward

DOAS Equipment Sizing

Base Package

-

3,000 CFM

-

3,000 CFM

-

16 tons

270  MBH

Benefits of IAQP + Air cleaning
• Smaller mechanical footprint, reduced ductwork and equipment sizing
• Enhanced Indoor Air Quality design
• Most robust design with elimination of ERV wheels and associated 

maintenance/failures
• ~$45k in owner first cost savings (Eliminated DOAS)
• Reduced operating and energy costs 

VE Exercise with IAQP + Air cleaning

▪ (1) Packaged AHU + Fan coils (interior load)

▪ (1) 6-ton DOAS to serve entire building (930 CFM OA)

▪ By utilizing the IAQP + Air cleaning, the project was able to 
move forward within budget



Summary: Benefits of IAQP
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HVAC

CapEx

Save money on new 
HVAC equipment

kWh

OpEx

Reduce HVAC EUI & 
energy costs by 40%

Air Quality

Lower Carbon Emissions 
& Improve IAQ

Green Buildings

Earn points for                
LEED & WELL

IAQP + air cleaning can reduce the OA code requirement by 40% - 80% 
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