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VOCs, CO2

Satish et al., LBL, 2012
Allen et al., Harvard School of Public Health, 

2015

Gain of $6,500 per 
year per employee

Elevated CO2 has a 
direct and negative 

effect on productivity 
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Ventilation leads to higher energy costs:

ÁOutside air is replaced 1-2 time per hour

ÁOutside air conditioning represents 30 -50% of the 
total load on HVAC systems in most climates

Dilution to Avoid Pollution 

Unconditioned 
outside air

Conditioned 
indoor air

All air replaced in 1-2 hours

$
ÅHVAC capacity
ÅEnergy usage
ÅWater consumption
ÅMaintenance
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Ventilation leads to increase of outdoor generated pollutants indoors, 

PM2.5 - Ozone - CO - NOx - SOx

Fresh, Hot & Polluted Air

American Lung Association EPA

Outside air ratings 24-Hour Particle 
Pollution 

Ozone Grade 8-Hr Ozone 
Classification

Boston-Worcester-Providence, MA-RI-NH-CT B F

Chicago-Naperville, IL-IN-WI F F Nonattainment

Dallas-Fort Worth, TX-OK B F Nonattainment

Houston -The Woodlands, TX C F Nonattainment

New York-Newark, NY-NJ-CT-PA F F Nonattainment

Miami-Fort Lauderdale-Port St. Lucie, FL B C

Washington-Baltimore -Arlington, DC-MD-VA-WV-PA C F Nonattainment

Kansas City, MO C D

Cleveland, OH C F Nonattainment

Cincinnati, OH A F Nonattainment
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Reduced 
Outside Air 

Requirement

Slip stream of return 
air is scrubbed by air 

cleaning module

sorbent air cleaning media 
removes complete range of 

indoor air contaminants
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ÁProprietary amine polymers 

ÁLow-cost CO2 capture and release

ÁExceptional formaldehyde removal

ÁMultiple other air -cleaning functionalities

ÁMineral ɀpolymer synthetics 

ÁFormation of high surface solid sorbents and catalysts 

ÁReduced thermal mass for low -energy temperature swing  

ÁModular form factors for diverse applications 

ÁCapabilities that span all contaminants (Over 250+)

ÁBTX / aromatics, aldehydes, polyols

ÁVOCs and VVOCs

ÁInorganics: NOx, SOx, H2S, ozone, radon
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HLR 1000E - 10M

HLR 1000E - 10R
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enVerid in the News

enVerid HLR Technology wins AHR / 
ASHRAE 2019 Product of the Year
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Sorbents

Fans

Heater

Sorbent 
Cartridge 
Bank

Sensors

Control 
board

Wireless

Sensors
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ÅCaptures: 
ÁCarbon Dioxide
ÁVOCs
ÁFormaldehyde
ÁOzone

ÅZero by -products

Indoor Air
(from return duct or plenum)

Clean Air
(to AHU or plenum)

1,000 CFM

Each HLR 1000E module typically addresses 15,000 ɀ25,000 ft 2 of occupied space



16

Time

1,000 PPM

200 PPM

ɈRegenerationɉ is performed when sorbents saturate

Contaminant 

Concentration

Return air

Cleaned air

When Cleaned air = Return air, 
sorbent is saturated

Return air Clean air
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Step 2: Vent Contaminants Outside
ÁRegeneration dampers opened

Step 1: Closed Loop Heating
ÁAll dampers closed
ÁAir heated to 130 -150 ƎF

Exhaust 

Outside or
Indoor Air
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Time

Regen Regen

1,000 PPM

200 PPM

Return air

Cleaned air

Regeneration brings sorbent efficiency back to baseline
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Advanced algorithms use sensor data to optimize energy savings & IAQ

Clean Air Sensor
Å Temperature
Å Humidity
Å CO2

Cartridge Bank Sensor
Å Temperature
Å Pressure

Indoor Air Inlet Sensor
Å Temperature
Å Humidity
Å CO2

Å Total VOC (TVOC)

Outside Air Sensor 
(optional)
Å Temperature
Å Humidity

AHU Supply duct sensor 
(optional)
Å Temperature
Å HumidityConnections (direct or via BMS):

Å Outside air (OA) damper control
Å OA damper position monitoring
Å Air handling unit (AHU) status

Note: BACnet integration to BMS 
eliminates need for optional 
sensors & connections 

Fire signal dry contact
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Know the quality of the air inside the building anytime, anywhere
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Capacity Savings Equipment Savings CapExSavings 

10-20 tons of cooling* Å Eliminate / reduce ERV
Å Eliminate DCV
Å Eliminate DOAS 
Å Reduce RTU and/or AHU capacity
Å Downsize chiller & cooling tower
Å Reduce piping size
Å Reduce OA and exhaust duct sizes

$20,000 - $40,000

100K ɀ200K BTU of heating* Å Downsize boiler or electric heat $2,500 - $5,000

Utility rebates further reduce CapEx

ÁAs high as $12,000/HLR module

Higher energy efficiency usually means higher cost. HLR turns this upside down. 

*Varies based on climate zone, building, and ventilation design

Savings Per HLR module: 
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Operating Expense Reductions Annual OpEx Savings 

Å Cooling / heating energy usage
ÅElectric peak Ɉdemandɉ charges
Å Pump and fans energy consumption
ÅWater consumption
Å DCV and ERV maintenance
Å Filter costs

$3,000 - $10,000

Annual energy & operational savings per HLR module:

Combination of rebates + annual savings produces >25% IRR in retrofit -only deployments
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High occupancy, low exhaust

ÁOffice buildings: High rise, or medium/large low rise

ÁColleges / universities / libraries

ÁMalls, big box stores

ÁCommon areas/Conference rooms

ÁGreen / LEED buildings

Generally not good candidates:

ÁHotel guestrooms, Hospitals (ASHRAE 170), Kitchens
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Exception: Where a registered design professional 
demonstrates than an engineered ventilation system design
will prevent the maximum concentration of containments from 
exceeding the obtainable by the rate of outdoor air ventilation 
determined in accordance with Section 403.3, the minimum 
required rate of outdoor air shall be reduced in accordance 
with such engineered system design.

An engineered ventilation system is more of a direct method of 
controlling air quality and would be classified as an Ɉϥndoor Air 
Quality Procedureɉ in ASHRAE 62.1.

The exception to this section could certainly be viewed as 
allowing the indoor air quality (IAQ) method of that standard as 
one of the possible means of complying with the exception.
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ÁASHRAE Std. 62.1: Ventilation Rate Procedure (VRP)

ÁPRESCRIPTIVE

ÁASHRAE Std. 62.1: Indoor Air Quality Procedure (IAQP) ɀ
since 1979*

ÁPERFORMANCE-BASED

ÁPollutant control ventilation (PCV)

ÁCleaning efficiency

ÁCompliance report

ÁOccupant survey

* Since 2006, the International Mechanical Code (IMC) allows for an engineered solution showing 
control of contaminant concentrations (IAQP).
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ÁBreathing zone outdoor airflow: use Table 6.2.2.1 rates (pages 12-15)

Ventilation Rate Procedure (VRP)

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

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.
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ÅBased on CO2 concentrations as a surrogate for human occupancy

VRP + Demand-Controlled Ventilation (DCV)

Vbz =          Rp Pz +    Ra Az

Minimum 
CFM/Person

Actual Zone 
Population

Minimum CFM/ft2

Zone Floor Area 
Constant
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Office Building

Area = 20,000 ft2

# People/1,000 ft 2 = 5

# People = 100

Supply/Return Location = Ceiling

Zone Air Distribution Effectiveness = 0.8

People Outside Rate = 5 CFM/person

Area Outside Rate = 0.06 CFM/ft2
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VRP Outdoor Air Area
(CFM)

Outdoor Air People
(CFM)

Total Outdoor Air

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

DCV Outside Air Area
(CFM)

Outside Air People
(CFM)

Total Outside Air
(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.
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ÁVRP

ÁLeads to unnecessary energy consumption (prone to over -ventilation)

ÁDoes not control outdoor -generated pollutants 

ÁDCV

ÁDoes not control outdoor -generated pollutants 

ÁDoes not account for pollutants generated indoors that are independent of human 
activities

ÁNine literature studies* documented the above statements by testing formaldehyde, total volatile organic 
compounds (TVOC), and radon 

Á Requires CO2 sensor for each ventilation zone; sensors must be calibrated every ~6 
months for proper operation.

ÁFor certain spaces, such as offices, portion of ventilation related to ɉpeopleɉ component is 
low (29% in case of offices), leaving little margin to save energy using this methodology

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



32



33

Mass Balance Analysis

VOC

VOC
CO2

CO2

CO2

Outside
Concentration, C 0

Indoor
Concentration, Cbz

Emissions, NAir Cleaning
Efficiency, Ef

QHLR

Vot

VOC

CO2

Supply Air, V S

ὠὨὅ .Ὠὸ ὠὅὨὸ ὗ ὉὪὅ Ὠὸ
CleaningDilution
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Office Building

Area = 20,000 ft2

# People/1,000 ft 2 = 5

# People = 100

Supply/Return Location = Ceiling

Zone Air Distribution Effectiveness = 0.8
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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) 652

Design Outside Air Savings (CFM) 1,473

ASHRAE Standard 62.1-2016

Both Outside Air CFM figures above are compliant 
with ASHRAE Standard 62.1-2016 and thus 

equivalent with respect to satisfying the requirements 
of the Standard
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ÁAir cleaning certification data according to ASHRAE Standards is needed to apply the 
Indoor Air Quality Procedure (IAQP) and LEED IAQP 

ÁenVerid obtained certifications according to ASHRAE Standard 145.2 and 52.2 for the 
sorbent cartridge in the HLR module from Research Triangle Institute (RTI)

Example: Ozone test data from RTI:
ÁEfficiency = 70% 

ÁBy-product VOCs and ozone 
concentrations = 0 ppb
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