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▪ Indoor Environmental Quality overview/ Air Conditioning

▪ Indoor sources of pollution

▪ Ventilation and Filtration

▪ Why we are concerned with wildfire smoke

▪ What kind of facility/ space do we need for a shelter

▪ How to prepare for a smoke event (Readiness Plan, “Normal Operation”)

▪ What to do during a smoke event (“Smoke-Ready Mode”)
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▪ Specifics of Guideline 44-2024 (if anyone is still awake and we have time).



▪ Temperature

▪ Humidity

▪ Ventilation

▪ Filtration

▪ Air Movement

▪ Noise

▪ Lighting

▪ Pests

Not quite the same thing as comfort

Mechanical systems are called “HVAC” – Heating 
Ventilation and Air Conditioning systems



▪ Heating

▪ Cooling

▪ Humidification

▪ Dehumidification

▪ Ventilation

▪ Filtration

▪ Air Movement

▪ Seven processes that we 
use to maintain comfort

▪ To some extent we can change 
one condition to affect 
discomfort caused by a different 
condition - example is using a 
fan in summer (air movement) to 
improve discomfort from high 
temperature.



▪ Too cold

▪ Too Warm

▪ What is “Just Right”?

▪ Too Moist – Muggy or 
Clammy

▪ Too Dry – Sinus and 
eye irritation, 
aggravates asthma, 
skin conditions

▪ Air is Never 
completely dry

Researchgate.net

▪ We can use 
mechanical systems to 
either warm the space 
or cool the space

▪ We can add humidity 
and we can take 
water out of the air



▪ We usually control space conditions based on air 
temperature, but radiation has a great effect

▪ “Mean Radiant Temperature” MRT is the average 
temperature of air and all surrounding surfaces

▪ “Don’t put thermostat in direct sunlight”

▪ Because windows have relatively less insulation, 
they have a greater effect on radiant temperatures

Researchgate.net



▪ Air movement – when the space is warm, air movement cools us

▪ Air movement – even when cool, contributes to comfort

▪ Filtration – both Return Air and Outdoor Air can be filtered

▪ MUCH more to come

▪ Ventilation – Outside (Outdoor) Air brought into building

▪ MUCH more to Come 
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▪ Filtration – Location

▪ On your face – respirator

▪ In the room – in-room HEPA filters, box fan filters

▪ In the HVAC system – “furnace” filters, on intake and return

▪ Mechanisms

▪ Mechanical – Filter media – particles stick to fibers in the filter media

▪ Electrostatic – particles charged by static electricity are attracted to opposite charged filter

▪ Washable

▪ Low MERV ratings

▪ Adsorbent – activated carbon



▪ Particles - Minimum Efficiency Reporting Value MERV

▪ How efficient the filter is at capturing what percentage of particles in a size range

▪ For example, a MERV 13 filter will capture over 75% of particles 0.3 to 1.0 Microns, 90% of 
particles bigger than 1.0 Micron

▪ Can’t get it all, so we rely on multiple passes through air filter – reduce concentration to <20% 
of OA concentration

▪ Filtration – Particles - High Efficiency Particulate Air HEPA filters

▪ Filtration – Gases – Need an activated carbon or other adsorbent filter

▪ Volatile Organic Compounds VOCs

▪ Body Odors BOs

▪ Radon

▪ NOT CO



▪ Filtration – Minimum Efficiency Reporting Value MERV



▪ Very small particles – Brownian motion

▪ Larger particles – Sieving

▪ Filters work in a combination of mechanisms.

▪ Remember, the particle has to make it to the filter before it can be filtered!



▪ Filtration – both Return Air and Outdoor Air can be filtered

▪ HVAC units with outdoor air should be filtered

▪ For wildfire smoke filtration use MERV 13 or higher

▪ Pre-filter with MERV 8 filter

▪ Filtration changes how the fans move air

▪ Restriction

▪ Maintenance

▪ Room air filters -

▪ HEPA Personal Air filters

Robovent.com



▪ Ventilation – Bringing in outdoor air - “Acceptable” – 80% don’t complain, for wildfire 
smoke event keep AQI at 20% of Outdoor conditions

▪ International Mechanical Code 2021 refers to ASHRAE 62.1-2022 

▪ Three paths:

▪ IAQ procedure

▪ Ventilation rate procedure

▪ Natural ventilation rate procedure

▪ Watch out for entrained exhaust, local sources of pollution

▪ Trucks and cars exhaust – loading docks

▪ HVAC system exhaust, relief location near intake

▪ ASHRAE Standard 62 ≈15 CFM per person (Don’t quote me on this)

Different standard for residential

ASHRAE 62.2-2022

Health care facilities ASHRAE 170

Air Quality Index (AQI) is calculated for 

four pollutants, particulates, sulfur 

dioxide, ozone, and carbon monoxide



▪ Ventilation – IAQ Procedure

▪ Dilution 

▪ Specify low emission building elements carpets, wall coverings, furniture

▪ Use air cleaning strategies

▪ Evaluate occupant comfort

▪ Ventilation – Ventilation Rate Procedure

▪ Based on number of occupants, activity level

▪ Ventilation – Natural Ventilation Rate Procedure

▪ Open windows

▪ Verify ventilation at least as good as VRP



▪ Ventilation –

▪ For high indoor air pollutant levels, increase ventilation

▪ For wildfire smoke conditions, decrease ventilation to minimum

▪ Impacts cooling ability of HVAC system 
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▪ Burning Non-Electric fuels Indoors 

▪ Cooking Fuels 

▪ Naturally aspirated water and space heating appliances

▪ Unvented space heaters “catalytic” heaters

▪ Our Smelly Bodies

▪ Not enough cologne

▪ Too much cologne

▪ CO2 emitting

▪ Bring in food

▪ Bring in waste

▪ Smoking

▪ Bring Contaminants in with them

▪ Bugs

▪ Bacteria

▪ Viruses

▪ Wildfire smoke

▪ New Stuff 
▪ Paint

▪ Carpet

▪ Furniture

▪ Cleaning
▪ Vacuums

▪ Dusting

▪ Cleaning Chemicals

▪ Activities
▪ Sedentary adults kick up less 

pollution than active youngsters

▪ Mold



▪ Waste – Smelly and Maybe Toxic

▪ Rest Rooms

▪ Printing

▪ Manufacturing

▪ Glue

▪ Solder

▪ Processes 

▪ Welding

▪ Woodworking

▪ Recreation

▪ Gyms

▪ Pools

▪ Spas



▪ Occupants add heat and humidity to the space

▪ Be aware of HVAC system capacity compared to the 
actual number of occupants

▪ Estimate the ventilation air you need (ASHRAE 62)

▪ Sedentary Adults – 220 Btu per hour sensible heat, 280 
Btu per hour latent heat

▪ Active Adults – 580 Btu per hour sensible heat, 870 Btu 
per hour latent heat

Energy –Models.com “ASHRAE Table 8.19”



▪ Noise – Increased Fan Use = More Noise

▪ Building Level HVAC Fan Noise

▪ In-Room HEPA Filter Units Fan Noise

▪ Lighting – Probably the Last We Will Hear of This One

▪ Until people have a burning question about lighting 

▪ Pests -Probably the Last We Will Hear of This One

▪ Until people complain about bugs or rodents



▪ Air side equipment

▪ Fans – Track motor amperage, clean fans

▪ Filters – Track room temperatures

▪ Coils – Clean

▪ Coils – Comb condenser fins

▪ Direct Expansion equipment

▪ Track temperatures (∆T) 20F, Minimum Supply Temperature 55F

▪ Water side equipment

▪ Chillers – Track flow rates, (∆T) 

▪ Coils – Clean

▪ Maintain water treatment



▪ Air side equipment

▪ Fans – Track motor amperage – operation in service factor?

▪ Filters – Track pressure drop across filters

▪ Direct Expansion equipment

▪ Track temperatures (∆T) 20F, Minimum Supply Temperature 55F

▪ Water side equipment

▪ Chillers – Track flow rates, (∆T) 



▪ We consider outdoor air, (ambient air, ventilation air) to be 
generally cleaner than indoor air

▪ Smoke negatively affects the quality of ambient air (outdoor air, 
ventilation air)

▪ We use outdoor air to dilute indoor air pollutants

▪ Smoke is not just from burning vegetation, it is also from human 
sources (think burning buildings and Human Made Stuff)



▪ Standards exist for “Criteria Pollutants” Tested in ambient air

▪ PM2.5, PM10, O3, Nox, SOx, CO

▪ Other pollutants “Toxic Pollutants” Tested at their source

▪ VOCs, PAH, Lead, other metals



▪ Standards exist for “Criteria Pollutants” Tested in ambient air

▪ PM2.5, PM10, O3, Nox, SOx, CO

▪ Other pollutants “Toxic Pollutants” Tested at their source

▪ VOCs, PAH, Lead, other metals

PM2.5



▪ Most concern is PM2.5

▪ PM2.5  is of concern because these particles penetrate deep into 
lungs

▪ PM2.5  particles pick up other pollutants (VOCs, PAHs)by adsorption

▪ Causes a wide variety of human ills not just respiratory, but 
systemic inflammation can effect other organs including immune 
system, heart, brain, kidneys, and increase in cancer rates.

▪ Causes an increase in hospital visits and higher healthcare costs. 

▪

PM2.5



▪ Infiltration is uncontrolled air leaking into the building

▪ Ventilation is controlled outdoor air pushed or pulled into the 
building by ventilation equipment

▪ PM2.5 infiltration coefficients above 20% in all studied cases during 
smoke events

▪ Outdoor PM2.5  Can be much higher during a smoke event

▪ We can increase indoor PM2.5 by bringing in smoky outdoor air

▪ Keep PM2.5 levels no more than 20% of outdoor levels



▪ Have the ability to operate building differently during smoke event

▪ Good building envelope integrity

▪ Sealing and weatherstripping to decrease infiltration

▪ Mechanical ventilation and air conditioning systems

▪ OA Filtration

▪ RA Filtration

▪ Vestibules

▪ Qualified HVAC staff or contractors

▪ Readiness to make quick, temporary changes to OA

▪ Get rid of soft surfaces

▪ Do not vacuum during smoke event



▪ Seal and weatherstrip to decrease infiltration

▪ Focus on keeping smoky outdoor air out

▪ Turn outdoor air to minimum

▪ Filter outdoor and return air to MERV 13

▪ Track pressure drop across filters

▪ Use box fan filters

▪ Use HEPA room air filter (Personal Air cleaner)



▪ Have a Smoke Readiness Plan

▪ Recognize the need to operate the building differently during a 
smoke event
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▪ Monitor indoor and outdoor PM2.5

▪ Make sure doors and windows stay closed

▪ Do not vacuum

▪ Turn OA to minimum

▪ Check filters

▪ Maintain a slight positive pressure in the building



▪ Infiltration is uncontrolled air leaking into the building

▪ Make sure doors and windows stay closed

▪ Cover up large penetrations

▪ Seal and caulk smaller penetrations

▪ FILTER ventilation air

▪ Maintain a slight positive pressure in the building to minimize 
uncontrolled air



▪ Keep extra filters on hand



▪ Use to help inform Smoke Readiness Plan

▪ Sanitation

▪ Clean Drinking Water

▪ Safe Food

▪ >>>Covid-19<<< Bringing about big changes in IAQ sensors and system 
philosophy

▪ Install sensors

▪ Trend Data

Considered to be traditional



Eliminate the source of pollution

Replace a hazardous substance with a less 

hazardous one

Isolate people from pollution by HVAC 

improvements

Changing schedules around the use of 

hazardous materials

Last Resort – Protect the individual using

Personal Protective Equipment



▪ Be ready to:

Decrease OA,disable demand controlled ventilation, disable economizers

Filter OA and RA to MERV13 if possible, have extra filters on hand

Fans: Be aware of:  surge (low flow condition) in centrifugal fans

Overloading of ECM fan motors

Overloading of VFD controlled fans

Low flow condition for inductive motor driven fans – freezing coils

DX Cooling:  Check for: 55F discharge temp after 20 minutes of run time

Icing evaporator coils

Heating:  Check for adequate flow across heat exchangers

!Know manufacturers recommendations!



▪ Be Ready to:

Add supplemental air filters

Check pressure drop across filters, no more than 2X clean pressure drop

Use Portable Air Cleaners – buy PAC made to filter out particles (HEPA)

No ozone generators. (see Sec. 5.9 of Standard 62.1)

Correct size for room volume

Consider noise

Shoot for 20% of OA PM2.5 level maximum

Deploy Do It Yourself  Air Cleaners – Resources online

Follow fan manufacturer’s recommendations



▪ Be Ready to:

Make necessary changes to Building Automation System

Know BAS features that can help put the facility into Smoke Event Mode

Verify accurate sensor readings

Check fire suppression system status with fire department

Mitigate indoor air pollutant level increase 

(Hey buddy how about a sponge bath?)

Add activated carbon filters

Don’t vacuum during smoke event or use HEPA vacuum

Limit use of outside doors

Use Personal Protective Equipment (PPE)



▪ If we have time and we want to take a look at specifics in the guideline, we can keep going….

▪ (This is your chance to bail)



▪ In recent years, the incidence of wildland fires has increased in both the number of fires per 
year and the severity and duration of each event. In some cases, smoke events have lasted 
several weeks to months. The smoke produced from wildland fires can have a significant 
negative impact on ambient air quality, both local and distant, which in turn can negatively 
impact health. This guideline provides detailed information on the impacts of smoke on 
human health, with best practices in both building design and building operation to reduce 
the impact of prolonged smoke events on indoor air quality. The overall goal is to reduce 
exposure of occupants to wildland fire smoke, thereby protecting their health and wellbeing.



▪ Scope:

▪ Commercial Buildings

▪ For at-risk populations – elderly and children, active people

▪ Design, installation, commissioning, operation, and maintenance of building envelope, 
ventilation, and air-cleaning systems.

▪ Note: the Guideline assumes that the HVAC systems in the building are well 
maintained and are working as designed in the building for which the smoke 
readiness plans are being developed. 



▪ 4. Background:

▪ Wildfire smoke can contain anthropogenic pollution

▪ A growing problem worldwide

▪ Highly variable (wild?) concentrations of pollutants, only a few are measured

▪ Focus on PM2.5

▪ Health effects both acute and chronic, a particular concern to at-risk populations

▪ Indoor Air Quality is an essential building service

▪ Smoke infiltrates buildings – 20% to 80% OA PM2.5 concentration in commercial buildings

▪ ALARA- As Low As Reasonably Achievable-

▪ Emerging air cleaning and sensor technologies



▪ 5. Design and Commissioning (Before smoke event)

▪ Reduction of PM2.5 infiltration

▪ Removal of PM2.5 in Indoor Air

▪ Calculations

▪ Design measures

▪ Monitoring/Sensors – Indoor and Outdoor sensors

▪ Building controls – Decrease OA, increase filtration

▪ Increase SA runtime, check control sequences for damper coordination

▪ Building pressure .02-.07 in. w.c. more than OA, or OA>1.1*EA

▪ Tighten envelope

▪ Use portable air cleaners

▪ Disable natural ventilation

▪ Commission systems





▪ 6. Smoke readiness plan



▪ 6. Smoke readiness plan



▪ Special considerations for:

▪ Health care facilities

▪ Schools



▪ https://sftool.gov/learn/about/1/indoor-environmental-quality-
ieq#:~:text=Indoor%20Environmental%20Quality%20(IEQ)%20is,over%20lighting%20an
d%20thermal%20comfort.

▪ https://www.epa.gov/sites/default/files/2018-
07/documents/guide_to_air_cleaners_in_the_home_2nd_edition.pdf

▪ https://energy-models.com/internal-heat-gains-
ihg#:~:text=Latent%20heat%20(moisture%20or%20water,a%20time%2Ddelayed%20cooli
ng%20load.

▪ https://www.epa.gov/indoor-air-quality-
iaq?utm_content=&utm_medium=email&utm_name=&utm_source=govdelivery&utm_term
=

▪ https://www.epa.gov/sites/default/files/2018-
07/documents/guide_to_air_cleaners_in_the_home_2nd_edition.pdf

▪ https://www.airnow.gov/sites/default/files/2018-04/aqi_brochure_02_14_0.pdf

▪ https://www.ashrae.org/technical-resources/bookstore/indoor-air-quality-guide

https://sftool.gov/learn/about/1/indoor-environmental-quality-ieq:~:text=Indoor%20Environmental%20Quality%20(IEQ)%20is,over%20lighting%20and%20thermal%20comfort
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https://www.epa.gov/indoor-air-quality-iaq?utm_content=&utm_medium=email&utm_name=&utm_source=govdelivery&utm_term=
https://www.epa.gov/sites/default/files/2018-07/documents/guide_to_air_cleaners_in_the_home_2nd_edition.pdf
https://www.airnow.gov/sites/default/files/2018-04/aqi_brochure_02_14_0.pdf

