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Problem: Ventilating Buildings is costly and 
inefficient
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 Commercial  buildings use a lot of outside air 
 Entire building volume replaced 10-20 times per day

 Why? Indoor air quality
 Offset the buildup of indoor gas contaminants
 Mostly CO2 , formaldehyde, VOCs

 A universal, but inefficient practice
 Energy waste
 Peak demand charges
 Outdoor pollutants introduced

HVAC

Commercial buildings use a lot of energy ventilating for IAQ.  The assumption is that 
“dilution is the solution to pollution”.  However, even when effective, high ventilation rates 
require a tremendous amount of energy to pretreat OA, they drive up Peak Demand – 
when energy is most expensive, and it introduces outdoor pollutants into the building.

2



3

A better way is now possible…

Reduce outside air for ventilation

Remove molecular contaminants

Save Energy & Improve IAQ
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ASHRAE Compliance and LEED Sustainability

 100% compliant with ASHRAE 62.1-2016 Guidelines 
 Under “Performance” ventilation procedure (IAQ 

Procedure)
 Specific RFI confirming compliance clarified and published 

in Jan. 2015

 USGBC - LEED
 Pilot program launched in 2014 to encourage adoption 
 Up to 10 LEED points for IAQ
 Up 5 LEED points for Energy Optimization

HLR technology and methodology is fully compliant with ASHRAE 62.1-2016.  This is 
confirmed in an RFI issued by ASHRAE in Jan 2015 and is readily available on the ASHRAE 
website.  We can also provide a link and/or copy of the RFI upon request.  The HLR 
meets/exceeds the requirements & guidelines set forth by the Indoor Air Quality 
Procedure – which is defined by ASHRAE as the “performance-based” approach to IAQ.  
62.1 include 3 procedures for meeting the IAQ Standard in Commercial Buildings: 
Ventilation Rate Procedure (VRP), Indoor Air Quality Procedure (IAQP), and the Natural 
Ventilation Procedure.  We will discuss, compare, and contrast VRP & IAQP in much more 
detail momentarily.  The Natural Ventilation Procedure, which is literally based upon 
opening windows and relying on louvers, is rarely used by designers in commercial 
applications.

USGBC endorses a performance-based approach to IAQ – Pilot Credit (EQpc68) launched 
and encouraged.  Implementing HLR can provide a net increase of several LEED points on a 
given project versus any other “conventional” path currently available.  In fact, the 
implementation of HLR has already earned LEED points on multiple real world projects – 
with one end user (a major multinational technology company) achieving 9 LEED points.  
We’ve captured the results in a case study for those interested.
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LEED Report – Real World Project

IAQ Summary
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LEED Report – Real World Project

Energy Summary

90.1-2007 Baseline Proposed - LEED
Proposed –
REVISED LEED

Energy Energy Energy
Space Heating 681.2 744 644
Space Cooling 1396.2 1122.3 913.5
Fan 905.2 519.7 346.4
Pumps 453.7 208 215.8
Heat Rejection 241.6 79.6 52.4

Total (Million BTU) 3677.9 2673.6 2172.1

Savings 27.3% 40.9%

LEED EAc1.3 Points 5 10

 “For LEED CI, a net gain of 5 LEED points was attributed to the 
enVerid units”

 “In the case of LEED NC v3, the enVerid units would have 
contributed an additional 8 points.”

HLR technology and methodology is fully compliant with ASHRAE 62.1-2016.  This is 
confirmed in an RFI issued by ASHRAE in Jan 2015 and is readily available on the ASHRAE 
website.  We can also provide a link and/or copy of the RFI upon request.  The HLR 
meets/exceeds the requirements & guidelines set forth by the Indoor Air Quality 
Procedure – which is defined by ASHRAE as the “performance-based” approach to IAQ.  
62.1 include 3 procedures for meeting the IAQ Standard in Commercial Buildings: 
Ventilation Rate Procedure (VRP), Indoor Air Quality Procedure (IAQP), and the Natural 
Ventilation Procedure.  We will discuss, compare, and contrast VRP & IAQP in much more 
detail momentarily.  The Natural Ventilation Procedure, which is literally based upon 
opening windows and relying on louvers, is rarely used by designers in commercial 
applications.

USGBC endorses a performance-based approach to IAQ – Pilot Credit (EQpc68) launched 
and encouraged.  Implementing HLR can provide a net increase of several LEED points on a 
given project versus any other “conventional” path currently available.  In fact, the 
implementation of HLR has already earned LEED points on multiple real world projects – 
with one end user (a major multinational technology company) achieving 9 LEED points.  
We’ve captured the results in a case study for those interested.
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ASHRAE Standard 62.1 Overview
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 ASHRAE Std. 62.1: Ventilation 
Rate Procedure (VRP)
 PRESCRIPTIVE

 ASHRAE Std. 62.1: Indoor Air 
Quality Procedure (IAQP) –
since 1981*
 PERFORMANCE-BASED
 Pollutant control ventilation (PCV)
 Cleaning efficiency
 Compliance report
 Occupant survey
* Since 2006, the International Mechanical Code (IMC) 
allows for an engineered solution showing control of 
contaminant concentrations (IAQP).

To reiterate, HLR is 100% compliant with ASHRAE 62.1  Let’s take a closer look at the 
standard itself, what it requires, and how designers account for these requirements.

The “prescriptive” approach, or Ventilation Rate Procedure (VRP), is most commonly used 
by designers of commercial buildings.  It is a “one size fits all” approach based on upon 
applying prescribed outside air flow rates that are calculated using job-specific conditions.  

Indoor Air Quality Procedure (IAQP) is an entirely different, albeit well-established and 
existing approach.  It is predicated on the control of the concentrations of specific indoor 
contaminants (known as Contaminants of Concern, or CoCs), and thus calculates the 
amount of ventilation OA (pollutant control ventilation) needed in concert with an indoor 
air cleaning solution that is required to maintain acceptable, maximum average 
concentrations of the aforementioned CoCs.  The deliverable after performing the 
procedure is a compliance report (template is in the Standard) and a survey of the 
permanent building occupants demonstrating satisfaction with IAQ.

It is critical to note that the objective of both Procedures is identical: acceptable Indoor Air 
Quality.  Both procedures are recognized by ASHRAE as perfectly acceptable means of 
meeting Standard 62.1 and delivering acceptable IAQ.  However, ASHRAE does recognize 
that – as you’re about to see – VRP is very prone to overventilating and subsequent energy 
waste.  Per ASHRAE, the IAQP is the preferred approach with respect to energy efficiency.  
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Tim Wentz, P.E.
• Professor, University of Nebraska –

Lincoln

• Past ASHRAE President

“…ASHRAE is moving toward performance-
based standards and away from 
prescriptive standards.”
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ASHRAE Standard 62.1  ̶̶  2016  
Ventilation Rate Procedure (VRP)
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People
Component

Building
Component

Breathing Zone Outdoor 
Airflow CFM

Minimum 
CFM/Person

Zone Population Minimum CFM/ft2

Zone Floor Area

Vbz   =          Rp Pz    +     Ra Az

 Breathing zone outdoor airflow : use Table 6.2.2.1 
rates (pages 12-15)

Definition: Breathing zone is the region within an occupied space between planes 3 - 72 in. 
above the floor and more than 2 feet from the walls.

To properly compare the two procedures, we must first explain how they are applied to a 
typical commercial building.  The key takeaway here is that the ventilation rates in the VRP 
are established by two key components: the occupants (people) and the building itself 
(building type/age/size).

Dependent upon the application (office, school, etc), the rates above are pulled directly 
from Table 6.2.2.1 in Standard 62.1. 
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ASHRAE Standard 62.1  ̶̶  2016  
Ventilation Rate Procedure (VRP)
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 Zone outdoor airflow: Air that must be supplied to a 
ventilation zone

Voz   = Vbz / Ez 
Zone Distribution 

EffectivenessBreathing Zone 
Outdoor Airflow 

Zone Outdoor 
Airflow 

When performing VRP, the design must also factor in the HVAC system’s distribution 
effectiveness – which is to say its effectiveness in distributing ventilation OA to the 
Breathing Zone.

For quick reference, Overhead VAV systems have a distribution effectiveness of 0.8.  

Cooling only, ceiling mounted systems such as overhead chilled beam offer an Ez of 1.0.

For underfloor air systems, the Ez is 1.2.

Again, as before, the corresponding rates are pulled from the tables in the Standard.
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ASHRAE Standard 62.1  ̶̶  2016  ̶̶  VRP
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 Outdoor airflow for single zone

 Outdoor airflow for 100% outdoor air systems

 Outdoor airflow for multiple-zone recirculating 
systems:
 Calculations depend on uncorrected outdoor air (area + 

people component) and ventilation effectiveness (depends on 
zone outdoor air flow and total supply air to the zone)

Vot = Voz

Zone Outdoor 
Airflow 

Outdoor Airflow 

Finally, to account for all of the OA required for an entire building, the designer must make 
adjustment depending upon how the OA is delivered to the building.  

For example, when using dedicated OA pretreatment equipment (DOAS), the total OA can 
simply be added up by zone.

For multiple zone systems (VAV design), one key factor to note is that designers must 
design minimum OA ventilation rates under the VRP to take care of critical zone (which is a 
zone with low thermal load, i.e, low supply CFM).  In other words, the designer must 
increase the OA flow for all zones based on the critical zone to ensure proper ventilation 
when the total volume of air moving through the zone is significantly lower than design 
conditions.  

We point this out specifically because this is not a concern when using the IAQP + HLR; the 
HLR continually cleans the same amount of return air regardless of total supply air flow.  
We size/rate HLRs at design conditions (100% supply air flow), so the HLR will always be 
able to keep up during part (thermal) load conditions. In other words, the HLR is 
independent of thermal loads, it is based on pollutant loads. 
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 Based on CO2 concentrations as a surrogate for human occupancy

Vbz   =        Rp Pz  + Ra Az

Minimum 
CFM/Person

Actual Zone 
Population

Minimum CFM/ft2

Zone Floor Area 
Constant

ASHRAE Standard 62.1  ̶̶  2016  
VRP + Demand-Controlled Ventilation (DCV)

One very common (increasingly required) modification made to VRP is Demand Controlled 
Ventilation, or DCV.

DCV as a strategy is an incremental improvement on VRP that allows the building to take 
advantage of real world conditions to reduce the ventilation intended for the occupants 
(human activity) in the event some or all of it is not needed.  Since humans emit CO2 and 
the building does not, CO2 sensors are used to indicate the actual zone population at any 
given time and allows the BAS to adjust ventilation accordingly.  However, it is critical to 
note the following:

- DCV cannot and does not have any impact on the “building” ventilation component; 
that is a fixed flow rate.

- DCV does not allow for any reduction below max occupancy ventilation rates as part of 
the base design, the full “people component” ventilation rate under the VRP is still the 
basis for design.  DCV impacts operational flow rates only – not design flow rates.  



Example Calculation of Outdoor Air (OA) 
Requirement using VRP and DCV

Office Building
Area = 20,000 ft2

# People/1,000 ft2 = 5
# People = 100

Supply/Return Location = Ceiling
Zone Air Distribution Effectiveness = 0.8

People Outdoor Rate = 5 cfm/person
Area Outdoor Rate = 0.06 cfm/ft2

Let’s run the VRP on 20,000 ft2 of typical office space and examine the results.

For clarification, 5 people/1000 ft2 is the default occupant density for office space as 
outlined by the standard.  Obviously, this can vary greatly.

We also assumed a “typical” overhead VAV application (Zone Air Distribution Effectiveness 
of 0.8)

The OA flow rates per person and per sq ft come directly from the tables in Standard 62.1.
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Example Calculation of Outdoor Air (OA) 
Requirement using VRP and DCV

DCV OA Area
(cfm)

OA People
(cfm)

Total OA
(cfm)

# People =80 1,500 500 2,000

# People =50 1,500 312 1,812

# People =20 1,500 120 1,625

*For office buildings, DCV can save a maximum of 29% of 
total Design Outside Air intake.

VRP OA Area
(cfm)

OA People
(cfm)

Total OA
(cfm)

# People =100 1,500 625* 2,125

As you can see, the design total OA flow rate for this space is 2125 CFM.  The minimum OA 
ventilation rate under the VRP, regardless of the implement of DCV, is 1500 CFM.

As a rudimentary sanity check, if we assume 1 CFM of supply air per ft2, we see that this 
design calls for ~10.5% to a minimum of 7.5% intake of OA relative to supply air flow 
(20,000 CFM).  

We can also see that DCV will allow the HVAC system to reduce OA intake in response to 
changes in the zone population.  

However, again, it must be clearly noted that DCV does not impact the design OA intake at 
full occupancy.  

Moreover, in the office environment, DCV is – by definition – limited to a total, maximum
reduction in OA intake of ~30%... And ONLY as conditions permit.

The total % of OA that can be reduced can/will change depending on the 
application/building type, but it must be understood that this is inherently the limit(s) of 
DCV.
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VRP and DCV Drawbacks

 VRP
 Leads to unnecessary energy consumption (prone to over-ventilation)
 Does not control outdoor-generated pollutants 

 DCV
 Does not control outdoor-generated pollutants 
 Does not account for pollutants generated indoors that are 

independent of human activities
 Nine literature studies* documented the above statements by testing formaldehyde, total volatile 

organic compounds (TVOC), and radon 
*(Gabel et al., 1986; Donnini et al., 1991; Carpenter, 1996; Enermodal, 1995; Persily et al., 2003; Chao & Hu, 2004; Jeong et 
al., 2010; Mui & Chan, 2006; Herberger & Ulmer 2012)

 Requires CO2 sensor for each ventilation zone; sensors must be 
calibrated every ~6 months for proper operation.
 For certain spaces, such as offices, portion of ventilation related to 

”people” component is low (29% in case of offices), leaving little margin 
to save energy using this methodology

15

As mentioned in early, in the final analysis, ASHRAE recognizes that the “one size fits all” 
approach of the VRP leads to the overventilation of buildings far more often than not.  
Furthermore, it is predicated on the assumption that the outdoor is in fact cleaner than the 
indoor air with respect to molecular contaminants – this is not reliably true either.

As a VRP-based procedure, DCV is inseparably linked to VRP and suffers from the same 
drawbacks.  Moreover, it’s also costly and complicated to both implement and maintain, 
particularly in light of what can reasonably be expected in terms of energy savings using 
this methodology.
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ASHRAE Standard 62.1  ̶̶  2016 
Indoor Air Quality Procedure (IAQP)

 The IAQP allows compliance based on:
1. Objective Evaluation: Control of contaminant concentrations
2. Subjective Evaluation: Occupant survey
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Identify 
contaminants 

and/or mixtures

Identify sources 
and emissions

Specify 
concentration 

limits

Identify air 
cleaning solution 

and efficiency

Use mass 
balance 

equation

Subjective 
evaluation

Max

Let’s compare and contrast VRP methodology with the IAQP, which takes an entirely 
different approach to IAQ with the intent of arriving at the same aforementioned goal: 
acceptable, ASHRAE-compliant IAQ… albeit in a demonstrable, performance-based way.

Compliance with 62.1 by way of the IAQP compliance path requires two evaluations: the 
first being an objective evaluation of IAQ in the building and the second being a subjective 
evaluation in the form of an occupant survey.  Combined, these two evaluations set the 
ASHRAE-compliant ventilation rate and demonstrate compliance with the standard.

As you can see, the objective evaluation has a handful of key steps:

1. ID the relevant Contaminants of Concern (CoCs) and mixtures of CoCs based on the 
specific application.

2. ID the sources and emission rates of the CoCs

3. Specify the appropriate CoC concentration limits

4. ID and apply an indoor air cleaning solution that utilizes a safe/effective mechanism for 
air cleaning and offers a defensible cleaning efficiency.

5. Apply a mass-balance analysis to demonstrate CoC concentrations are controlled at all 
conditions and in compliance with the Standard.
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The guidance for all of these steps is found in ASHRAE 62.1, so there’s little if any need for 
interpretation.  However, it has often been difficult for designers to know where or how to 
start, whether or not they’re utilizing the appropriate data for analysis, etc.  

In its entirety, the procedure can appear quite daunting on the surface.  Luckily, enVerid has 
captured the appropriate data and the above methodology in a comprehensive IAQP 
“Engine”.  The Engine was designed and developed by Dr. Marwa Zaatari – a PhD in IAQ 
(funded by ASHRAE), a member of the ASHRAE 62.1 Committee, and the Head of the USGBC 
IAQ Committee.  
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ASHRAE Standard 62.1  ̶̶  2016 
Indoor Air Quality Procedure (IAQP)
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IAQP: Objective Evaluation Steps
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Let’s take a look at the first step of the objective evaluation.  We must capture the building 
age, type, location and different types of ventilation zones/max occupancy to properly 
drive our CoC & CoC emission rate identification.  Separate IAQP objective analyses are 
performed for each different type of zone and then combined to deliver the total amount 
of OA CFM required (defined as pollutant control ventilation).

Additionally also must factor in the HVAC System’s distribution effectiveness for each zone 
(just as in the VRP) to ensure the proper combination of ventilation OA and – in the case of 
HLR – cleaned return air is being circulated in the breathing zone.

Location is critical as the type and quantity of molecular contaminants being introduced to 
the indoor environment from incoming outdoor air must also be accounted for.
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IAQP: Objective Evaluation Steps - COCs

 Contaminants of Concern (CoCs) by space type – typical 
Office Space below:

19

Name CAS # Class Emission Rate Unit
Building Type 
Description

Reference - Resource

21 ug/m3-h building materials Offerman, 1993

41.9 ug/m3-h
bldg materials (ave source 

strength) 
Hodgson et al., 2012

0.2 l/min.ppl Offices (people at rest) Emission rate for adults from ASHRAE Standard 
62.1 -2013, Figure C-2.carbon dioxide

offices (median value)

Offices (median value) e.g., Wu et al., 2011; Hodgson et al., 2002; Siegel 
et al., 2012; Nirlo, 2014

formaldehyde 50-00-0

1,4-
dichlorobenzene

terpene

21 -40

ug/m2-h offices (median value)

offices (median value) Wu et al., 2011; Siegel et al., 2012; Nirlo, 2014

e.g., Wu et al., 2011; Hodgson et al., 2002; Siegel 
et al., 2012; Nirlo, 2014

 Wu et al., 2011

3.8 ug/m2-h

acetaldehyde

limonene (d-)

toluene

5989-27-5

75-07-0

aromatic

aldehyde

108-88-3

11-27 ug/m2-h offices (median value) e.g., Wu et al., 2011; Hodgson et al., 2002; Siegel 
et al., 2012; Nirlo, 2014 

ug/m2-h

0.13 ug/m2-h

124-38-9

chlorinated 
aromatic106-46-7

aldehyde

16-22.1

Name CAS # Class Emission Rate Unit
Building Type 
Description

Reference - Resource

21 ug/m3-h building materials Offerman, 1993

41.9 ug/m3-h
bldg materials (ave source 

strength) 
Hodgson et al., 2012

0.2 l/min.ppl Offices (people at rest) Emission rate for adults from ASHRAE Standard 
62.1 -2013, Figure C-2.carbon dioxide

offices (median value)

Offices (median value) e.g., Wu et al., 2011; Hodgson et al., 2002; Siegel 
et al., 2012; Nirlo, 2014

formaldehyde 50-00-0

1,4-
dichlorobenzene

terpene

21 -40

ug/m2-h offices (median value)

offices (median value) Wu et al., 2011; Siegel et al., 2012; Nirlo, 2014

e.g., Wu et al., 2011; Hodgson et al., 2002; Siegel 
et al., 2012; Nirlo, 2014

 Wu et al., 2011

3.8 ug/m2-h

acetaldehyde

limonene (d-)

toluene

5989-27-5

75-07-0

aromatic

aldehyde

108-88-3

11-27 ug/m2-h offices (median value) e.g., Wu et al., 2011; Hodgson et al., 2002; Siegel 
et al., 2012; Nirlo, 2014 

ug/m2-h

0.13 ug/m2-h

124-38-9

chlorinated 
aromatic106-46-7

aldehyde

16-22.1

The chart here shows the contaminants of concern when applying the HLR to a typical 
office space environment.

Critical points about “contaminants of concern” or CoCs:

- CoC is a relative term; it is determined based on the space type, conditions, and the 
solution applied.  In short, a CoC under 62.1 IAQP is a contaminant that requires OA and 
the cleaning solution applied to properly control.

- All applicable Contaminants must be evaluated; Contaminants and their emission rates 
are not “cherry picked” or arbitrarily selected by the designer.  enVerid evaluates at 
least 32 different contaminants on every project.  It’s important to note (once again) 
that formaldehyde will be a CoC on virtually every commercial project.

- The presence and emission rates of contaminants is pulled directly from peer-reviewed 
scientific studies recognized by ASHRAE – they are not determined or arbitrarily 
calculated by the designer.  

19



IAQP: Objective Evaluation Steps – 
CoC Concentration Limits

20

This chart captures several recognized contaminants, their ASHRAE specified concentration 
limit, and the 3rd party cognitive authority/3rd party standard recognized by ASHRAE which 
sets the specific limit.  

As an example, both California Air Resource Board and USGBC specify that formaldehyde 
concentrations should be held at or below 33 micrograms/cubic meter.
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IAQP: Objective Evaluation Steps -
 Air Cleaning Solution + Efficiencies

 Air cleaning solution used must have:

1. A defensible efficiency of removal of identified 
contaminants of concern

2. Certification of zero-byproduct generation

ASHRAE Standard 145.2: Laboratory Test Method for 
Assessing the Performance of Gas-Phase Air Cleaning 
Systems: Air Cleaning Devices 

 Air cleaning devices: applies ONLY to sorbents
 Gases: VOCs, aldehydes, ozone, basic and acidic gases

21

Use of the Indoor Air Quality Procedure (IAQP) implies the application of a cleaning 
solution for the indoor air.  IAQP can be applied without a cleaning solution, but far more 
often than not this results in an ventilation outside air requirement that can be higher – 
sometimes significantly – than what the Ventilation Rate Procedure would dictate.  

An example of this can be seen in our University of TN – Chattanooga case study, where 
the appropriate amount of OA ventilation more than adequately controlled indoor CO2 
levels yet formaldehyde levels were still significantly higher than the IAQP concentration 
limit.  In that case, the limiting factor for the IAQP-calculated OA CFM – assuming no 
cleaning solution – would have been formaldehyde and the facility would have to increase 
OA intake beyond what is required by the VRP to comply with the IAQP.

When applying ANY cleaning solution with IAQP, the performance of the solution should 
be clearly defensible – i.e. adherent to ASHRAE standards.  The ASHRAE test standard for 
gas phase filtration is 145.2 – and it applies only to sorbents as sorbents’ long history of 
safe & effective use is roundly accepted by ASHRAE.  An example of sorbent, beyond the 
enVerid HLR sorbents, is simple activated carbon.  Standard 145.2 can be considered the 
gas-phase counterpart to ASHRAE Standard 52.2, which is the ASHRAE standard for 
particulate removal efficiency for conventional filters (MERV ratings).

Electronic Air Cleaners such as bi-polar & plasma ionization and photocatalytic oxidation 
are specifically excluded from this test standard (noted on first page of the standard); there 
is currently no ASHRAE test standard and thus no “ASHRAE compliant” performance for 
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electronic air cleaners.

Secondly, in order to properly and completely satisfy the mass-balance analysis dictated by 
IAQP, the cleaning solution should no byproducts of any kind and carry legitimate 3rd party 
documentation supporting this performance feature.
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IAQP: Objective Evaluation Steps -
Air Cleaning Solution & Standard 145.2

22

 ASHRAE only 
recognizes the use of 
sorbents for 
gaseous/molecular-
level air cleaning due 
to potential harmful 
products generated by  
other mechanisms 
such as electronic air 
cleaners. 

 The same applies for 
the LEED IAQP Pilot 
Credit (EQpc68).

Use of the Indoor Air Quality Procedure (IAQP) implies the application of a cleaning 
solution for the indoor air.  IAQP can be applied without a cleaning solution, but far more 
often than not this results in an ventilation outside air requirement that can be higher – 
sometimes significantly – than what the Ventilation Rate Procedure would dictate.  

An example of this can be seen in our University of TN – Chattanooga case study, where 
the appropriate amount of OA ventilation more than adequately controlled indoor CO2 
levels yet formaldehyde levels were still significantly higher than the IAQP concentration 
limit.  In that case, the limiting factor for the IAQP-calculated OA CFM – assuming no 
cleaning solution – would have been formaldehyde and the facility would have to increase 
OA intake beyond what is required by the VRP to comply with the IAQP.

When applying ANY cleaning solution with IAQP, the performance of the solution should 
be clearly defensible – i.e. adherent to ASHRAE standards.  The ASHRAE test standard for 
gas phase filtration is 145.2 – and it applies only to sorbents as sorbents’ long history of 
safe & effective use is roundly accepted by ASHRAE.  An example of sorbent, beyond the 
enVerid HLR sorbents, is simple activated carbon.  Standard 145.2 can be considered the 
gas-phase counterpart to ASHRAE Standard 52.2, which is the ASHRAE standard for 
particulate removal efficiency for conventional filters (MERV ratings).

Electronic Air Cleaners such as bi-polar & plasma ionization and photocatalytic oxidation 
are specifically excluded from this test standard (noted on first page of the standard); there 
is currently no ASHRAE test standard and thus no “ASHRAE compliant” performance for 
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electronic air cleaners.

Secondly, in order to properly and completely satisfy the mass-balance analysis dictated by 
IAQP, the cleaning solution should no byproducts of any kind and carry legitimate 3rd party 
documentation supporting this performance feature.
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IAQP: Objective Evaluation Steps – Air 
Cleaning Solution + Efficiencies - Example
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Statement from RTI recognizing that the HLR sorbents create & emit no byproducts – the 
function is pure “capture & release”.

23



IAQP: Air Cleaning Solution + Efficiencies – 
Example ASHRAE 145.2 Standard Results

24

 Ozone challenge concentration = 75 ppb

 Efficiency = 70%  compliant with Sd. 62.1 
requirements for non-attainment areas

Source: RTI Lab Results

Here is an example of the HLR’s sorbent performance as tested by RTI labs – RTI is a 
certified ASHRAE test lab and also performs many other filtration tests such as MERV & 
MERV-A.  

As you can see, the HLR’s sorbents are 70% efficient at removing Ozone.  (you can/should 
note that while the debate over other air cleaners is the amount of Ozone produced, not 
only does the HLR not emit an ozone but it is highly effective at removing it).

It’s also key to point out that ASHRAE requires a minimum of a 40% efficient solution for 
removing a contaminant when in an EPA non-attainment zone.  Non-attainment zones are 
areas where the concentration of a specific contaminant in the ambient outside air is at 
high levels and must be considered when introducing outside air into a building.  An 
example of an Ozone non-attainment zone would be Los Angeles.  

As you can see, the HLR well exceeds this requirement.
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IAQP Methodology: Design Phase

25

Outside Air, Vot Air Handling Unit Supply Air, Vs 
X

    Emissions, N

    Emissions, N

Indoor 
Concentration

, Cbz

Supply Air 

Exhaust Air

Outdoor 
Concentration, Co

X
X

X
X

Air 
Cleaning Air Cleaning 

Efficiency, Ef

Return Air
 Filtered, QRA

Return Air 

N 	 	 	 	CleaningDilution

Design excercise

25



IAQP: Objective Evaluation Steps – Mass 
Balance Analysis
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The above mass-balance analysis is performed per contaminant and per zone to ensure all 
contaminants are properly controlled.  Again, only the Contaminants of Concern will 
require Outside Air in concert with the cleaning solution – the “worst” of which (highest 
concentration) being the limiting factory for minimum OA CFM.  These “per zone” OA 
CFMs are simply summed to yield the total ventilation required for the building to comply 
with ASHRAE 62.1 IAQP.

Keep in mind that the resulting OA CFMs are not connected in any way with the 
prescriptive rates found in the VRP.  However, the intent of the Standard is that both 
procedures yield similar net results.  Of course, again it is crucial to point out that ASHRAE 
itself recognizes that the IAQP, when used with a high efficiency solution like the HLR, is a 
far more energy efficiency and precise approach to IAQ.

Also of note is the fact that even building exhaust rates can be recalculated using the IAQP 
– meaning the ASHRAE recommended minimum of 50 CFM of exhaust/fixture for 
restrooms (as an example) is not required under the IAQP.
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ASHRAE IAQP Compliance Design Report

27



Example Calculation of Outdoor Air (OA) 
Requirement using VRP, DCV, IAQP

Office Building
Area = 20,000 ft2

# People/1,000 ft2 = 5
# People = 100

Supply/Return Location = Ceiling
Zone Air Distribution Effectiveness = 0.8
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Comparison OA Requirements 
ASHRAE Std. 2016
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Method Office

VRP (cfm) 2,125

DCV(cfm) - # People =80 2,000

DCV(cfm) - # People =50 1,812

DCV(cfm) - # People =20 1,625

IAQP (cfm) 470

Design Outdoor Air Savings (cfm) 1,655

Both OA CFM figures above are compliant with 
ASHRAE 62.1-2016 and thus equivalent with respect 

to satisfying the requirements of the Standard.
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IAQP: Subjective Evaluation Steps

Two options to determine if the OA calculated by the 
objective evaluation satisfies occupants:

 Conduct surveys
 Substantial majority (80%+) is not “unsatisfied” with the indoor 

air quality

 Can use survey results from another similar project – 
may also use published data from literature studies
 Used for all new construction projects

30

As noted earlier, the IAQP also requires a subjective evaluation in form of an occupant 
survey.  The next slide has an example survey.

This step is not nearly as daunting and unpredictable as it might appear for the following 
reasons:

1. A substantial majority is defined as 80% of the occupants.  An answer of “neutral” or 
better is passing.

2. A Passing survey from a similar previous project are acceptable to satisfy this 
requirement.
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IAQP: Subjective Evaluation Steps – Example 
Survey
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Case Study

Two OAUs are located on the roof of the building and two units in the basement. 
The OA from the four OAUs is distributed to the building floors through two shafts 
located in the center of the building. The mechanical room in each floor is receiving 
the OA through openings the shafts located at each side of the mechanical room. The 
OA opening have dampers to control the volume of OA supplied to the floor.
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Case Study: Technology Company Building
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 7 floors

 Area = 100,000 ft2

 2 OHUs

 2 HLRs
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Technology Building
Energy & IAQ Measurements
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 Energy Measurements:

 IAQ Measurements: 
 Existing State of the building; ASHRAE 62.1 Ventilation Rate 

Procedure Compliant
 OA dampers are closed to a minimum during IAQP Mode: 

ASHRAE 62.1 Indoor Air Quality Procedure Compliant, LEED 
IAQP = 9 LEED Points

Conventional
OA (CFM)

IAQP
OA (CFM)

% OA
Reduction

30,000 13,000 57%
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Technology Building – Air Cleaning Solution Installation
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Technology Building – Results
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Technology Building – Results
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enVerid Company Overview
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 Company focused on urban Air Care Technologies
 Air cleaning, air monitoring, and air management

 Founded in 2010, HQ in Boston
 Engineering centers in Tampa and Israel

 Rapidly growing commercial business
 Commercial products for the HVAC market
 Proven air quality and energy saving performance
 Partnered with Johnson Controls in the USA

 Backed by private equity, VC and US Dept. of Energy 

 A technological revolution in Indoor Air management
 Commercial, residential, schools and transportation
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A Comprehensive Multi-Technology Platform
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 Novel, proprietary solid sorbents 

 In-Situ Regenerating (ISR™) systems

 Low cost miniature sensors
 Enabling new economics for small scrubbers

 Extensive digital technology

 Portfolio of over 60 patents 
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Awards and recognition
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BuildingGreen Top 10 Green Building Products for 2017

R&D 100 Awards 2016

iNNOVEX Disrupt 2016 – finalist, Most Innovative Company

2014 Global Cleantech 100 Ones to Watch List

2015 North American HVAC Technology Innovation Award

Top 10 Startups of 2014
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Thank You

Two OAUs are located on the roof of the building and two units in the basement. 
The OA from the four OAUs is distributed to the building floors through two shafts 
located in the center of the building. The mechanical room in each floor is receiving 
the OA through openings the shafts located at each side of the mechanical room. The 
OA opening have dampers to control the volume of OA supplied to the floor.
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