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Course Introduction:

Thank you all for attending our nano-session on HVAC Infection Control. 

This nano-session has been approved by the AIA for 0.25 Health Safety and Welfare Continuing Education Credits.
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Presenters: 

My name is Greg Schnackel and I have with me Pedro Ferrer, our Technical Director of Mechanical Engineering�
We have been working on a white paper series related to Enhanced HVAC Infection Control, which is available on our website at www.schnackel.com.  This series of white papers was the result of our desire to utilize our knowledge of HVAC design to help in the fight against the COVID-19 pandemic. It is our small way of helping in the fight of this dreadful disease. I hope you enjoy this presentation and are able to read some of our extensive research on this topic. Pedro…




FILTRATION
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Filtration 

Thanks, Greg

We want to first talk about filtration.  Filters should be already part of any HVAC system, however they are likely in need of some upgrades to meet new COVID-19 infection control standards.  In the past, filters have been one of those necessary evils, primarily used to keep the equipment and ducts clean and to prevent dirt from accumulating on the diffusers and ceilings in the space.   While they have always been important to indoor air quality and green design, they have been put in the forefront of infection control efforts as a result of this pandemic. 





MERV FILTER RATINGS
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MERV Filter Ratings

ASHRAE has an established standard for rating filters called ASHRAE Standard 52.2.  It is called the MERV rating system, short for Minimum Efficiency Reporting Value. The rating system is on a scale from 1 through 16, 1 being the lowest performance filter and 16 being the highest performance filter.�
As you can see from this chart, the MERV rating indicates how efficient the media is at capturing particles of different sizes at a given air flow rate.  

ASHRAE 62.1, which is the standard titled Ventilation for Acceptable Indoor Air Quality, recommends a minimum filter rating of MERV 8.   Most commercial systems today, especially older ones are likely not meeting even this minimum MERV 8 standard.

A very recent study published by ASHRAE in September of 2020 found that a MERV 10 filter rating resulted in a 70% reduction in the surface accumulation of the SARS-CoV-2 virus.  Note the study did not say at a MERV 10 filter will filter out 70% of the SARS-CoV2 virus, only that it reduced surface accumulation of the virus in the space.  This study is one of the first ASHRAE studies that directly addressed the issues associated with the current COVID-19 pandemic. 




MERV FILTER RATINGS
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MERV Filter Ratings – ((continued))

The SARS-CoV-2 virus is very small, measuring only approximately 1/10 of one micron.   However the virus itself is rarely found alone.  It is almost always carried in droplets expelled during normal human respiration, coughing, sneezing, talking and singing.  These droplets vary in size from 3/10ths of one micron all the way up to 1500 microns.   Studies have found that the highest concentration of droplets are found in the 6-14 micron range. 

These particles are carried by water droplets, which are subject to gravity, humidity, temperature and other factors.  The key is to avoid having them become tiny aerosol particles, which spread easily and are very difficult to remove using filtration. 

Increasing the MERV rating to at least 10, and really as high as you can get it within the capabilities of your existing HVAC, will provide very significant benefits in removing airborne particles and reducing the potential spread of the disease.  Many jurisdictions are now requiring minimum MERV 11 filters to open some types of facilities.



HEPA/ULPA FILTER RATINGS
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HEPA/ULPA

Above the MERV ratings for commercial applications, there are specialty filters that are primarily used for clean rooms, operating rooms and other highly sensitive spaces.  

These filters can reach nearly 100% removal of all particles, regardless of size, however they are very expensive, upwards of $300 per panel, and have a very high pressure drop.  Most commercial HVAC systems are not able to accommodate the high pressure drops associated with HEPA or ULPA filters. 




DISINFECTION
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Filters capture, but do not destroy the virus. If we intend to destroy pathogens, we have two primarily technologies available: Ultraviolet radiation, and ionization. 

These sterilization systems can either be part of the HVAC system, or can be stand-alone devices.




ULTRAVIOLET DISINFECTION

THE ELECTROMAGNETIC SPECTRUM

Presenter
Presentation Notes
Ultraviolet Disinfection 

Ultraviolet light can be dangerous and is extremely damaging to human skin and eyes.  It should never be used in an occupied area, except where it is protected from human exposure. 

However, UV Radiation can be very useful if it is used in locations that are not occupied by humans. 








ULTRAVIOLET DISINFECTION
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Ultraviolet Disinfection

Good applications of UV disinfection systems include: 

Coil and Drain Pan Sterilization.  The lamps are installed within the HVAC unit to irradiate the coil and drain pan surfaces. The lamp power may be increased if disinfection of the air stream is also desired at this location.
� We can also use In-Duct Sterilization.  In this case, the lamps are installed within the main supply air duct with the intent to disinfect the air stream. This requires quite high powered lamps to achieve active disinfection of the airstream.  Again, these systems should be equipped with automatic shutdown systems if an access door is opened to prevent injury to workers. 
�There are also In-Room Sterilization systems which include:

Upper Room GUV, which is only to be used in tall spaces above 7’-0” to avoid any skin or eye damage.  These Upper Room GUV systems have been found to be extremely effective in killing viruses in the room air, very near their source, due to the normal circulation patterns in the room. ��There are also Portable UV systems.  These systems are designed to only to be used when spaces are not occupied.  These units are typically remotely controlled or robotc in nature and have been used in planes, busses, subways and in hotel rooms between guest stays. 



Far-UVC DISINFECTION
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Far-UVC Disinfection

Next I want to talk briefly about a new technology called far-UVC disinfection.  This is a very new technology that claims to use a very narrow band of the UVC spectrum, at 222 nanometers.  �
While the efficacy of using 222 nanometer light for virus control may or may not be effective, concerns remain in the scientific community about its safety. 
 
The claim is that 222 nanometer wavelengths will only penetrate the human skin to a depth of about 0.3 micrometers or less than the depth of the layer of dead skin and therefore it will not penetrate to the live skin.  It also has claimed to not penetrate the tear layer on the eyes. However, no long term human exposure studies have been performed.  

Far-UVC lighting is being purported by its manufacturers to be a significant weapon in the fight against COVID-19, and it has been applied in several high profile installations around the country however we at Schnackel Engineers remain very skeptical that it is truly safe for human exposure or actually effective on the virus that causes COVID-19.  

Our concerns revolve around the manufacturing quality control to ensure the light being emitted is ONLY 222 nanometers without any of the more damaging wavelengths.  That is placing a lot of trust in the manufacturers of the lamps.  

Also, have the depth of penetration and long term exposure impacts been proven conclusively?  Not to our knowledge.  

Also, with such a short time exposure in any sort of a walk through device as is pictured here, the intensity of the light would have to be extremely high to kill any viruses. Remember, the efficacy of any UV system is dependent on both light intensity and exposure duration.

And finally, the viruses do not typically live on the surfaces of the body or on clothing.  They are harbored in the respiratory tract and nasal passages, which cannot be irradiated with these devices even if a person passes through it. �
For now, until further independent scientific research is completed, we recommend steering clear of these unproven devices.   





IONIZATION
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Ionization

There are two fundamental types of ionization systems that are being used in HVAC systems today:

First is bipolar Ionization, which uses electricity to create ions that bond with air particles causing them to agglomerate into larger particles, which can be more easily be removed by filtration or will fall to the ground due to gravity.  The ions generated also react with water vapor in the air to create free radicals that in turn can disrupt the viruses and bacteria’s ability to reproduce, if they make contact before the ion is neutralized. 

Another ionization technology is called Photocatalytic Oxidation.  This technology uses UV radiation and a catalyst to create free radicals, which again are reported to react with viruses and bacteria, destroying their ability to survive or reproduce. 

Both of these systems create ions and radicals that have a VERY short half-life, often only milliseconds, so they are best used in either in-room units or in very small spaces.  The air must pass in very close proximity to the ions in order to be neutralized or impacted by the OH radicals.   We see these as potential sterilization techniques for use in elevators, public bathrooms and other high-risk, small enclosed spaces. 




VENTILATION
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Ventilation

Increased ventilation is one of the most effective ways to improve indoor air quality and reduce the concentration of airborne viruses and other pathogens.  




• ANSI/ASHRAE 62.1 – Provides baseline requirements
• Increase Ventilation Rate – 2 to 6 Air Changes/Hour 

Minimum Target Range

AIR CHANGES
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Air Changes

Ventilation of the space with outdoor air occurs at many levels within a facility including local exhaust, infiltration, exfiltration as well as at the air handling unit. In this discussion, we are focused on the ventilation that is provided by the HVAC equipment itself.




Air Change Rate = CFM x 60 / Room Volume in Cubic Feet

VENTILATION PROCESS
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Ventilation Process

Air Changes, or air change rate, is a term to describe the introduction of outdoor air to reduce the concentration of indoor air pollutants by diluting them with clean outdoor air.




REGULATIONS

Sample Ventilation Codes and Standards
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REGULATIONS

ANSI/ASHRAE Standard 62.1 provides the recommended minimum ventilation rates for commercial occupancies.
 
Basically, you want to increase the ventilation rate as much as possible without compromising the comfort of the space.  With too much ventilation the HVAC system may not be able to properly cool and dehumidify the air in the summer or heat it in the winter.  




INFECTIOUS AGENT 
DILUTION VENTILATION

Air Changes
per hour

2 138 207

4 69 104

6 46 69

12 23 35

15 18 28

20 14 21

50 6 8

400 < 1 1

99% 99.99%

Time required for infectious agent removal based on the number of air changes per hour 
(adapted from CDC guideline [28])

Minutes required for removal efficiency
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INFECTIOUS AGENT  DILUTION VENTILATION 

Most infection control studies we researched, concur that a target air change rate of 2 to 6 air changes per hour will reduce the spread of the SARS-CoV-2 virus significantly.   This is a higher than normal air exchange rate for most equipment, so you will need to verify if your system can handle that much outdoor air without running into other problems in the space. 

The rule of thumb is that a doubling of the air change rate will reduce the concentration of contaminates in the air by approximately 50%.  Ventilation is very important to the control of COVID-19 spread.




SMALL SYSTEMS

Energy Recovery Ventilator – ERV systems

LARGE SYSTEMS
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Energy Recovery Ventilator – ERV systems

There is also a trade off regarding energy consumption when bringing in additional outdoor air. While that cost may be mitigated somewhat by installing energy recovery units that can transfer energy from the outgoing airstream to the incoming airstream to reduce the impact of increased ventilation on the utility bills and the environment. 




• Air Mixing Efficiency

VENTILATION EFFECTIVENESS
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Ventilation Effectiveness

Ventilation at the unit is only as good as the ventilation effectiveness or air mixing that occurs in the occupied spaces.  It is important that the system is properly designed to ensure that the airflow is uniformly distributed throughout the space in order to achieve the maximum benefit from an increased ventilation strategy.  

Ventilation effectiveness is a complex combination of diffuser location, velocities, patterns, temperatures and the room configuration.  It requires a competent design to achieve the best results. 




HUMIDITY
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Of all factors under your control, indoor relative humidity is probably the most important factor in controlling viral spread in your facility.  This is because humidity affects not only the viability of the pathogens in the air, it seriously impacts a humans’ ability to fight those pathogens in the respiratory system. 




NORTH AMERICAN FLU SEASON

Respiratory Flu Season According to the CDC
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North American Flu Season

It has often been said that the typical flu viruses spread primarily during the winter months and largely disappear in the summer months.  This is certainly true of the common respiratory virus strains.  Common speculation is that this is because we spend the majority of our time indoors during the winter.  

While that is certainly the case, it is not the whole story. 




HUMANS and HUMIDITY

Mucociliary Clearance Mechanism
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Humans and Humidity

Our natural respiratory defense mechanisms function optimally at relative humidity levels between 40% and 60%.  Mucociliary function is how our bodies try to prevent viruses, bacteria and other irritants from entering our lungs.  

During normal humidity conditions, this function is extremely efficient at keeping any toxins from reaching the lungs, where they become vastly more damaging. 

However, when the indoor air relative humidity falls below about 30% the mucous layer starts to dehydrate and prevents this cleaning and prevention action from occurring.  Under low humidity conditions, our bodies are simply not able to carry the toxins out of our lungs as efficiently, which makes us more susceptible to those viruses and bacteria. 



HUMANS and HUMIDITY

SARS Coronavirus Survivability Rate
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Humans and Humidity - (continued)
Not only does low humidity impact the body’s ability to fight toxins, but the viruses themselves have a much better chance of survival when humidity levels are either too high or too low.   As you can see from the graph in this study graph, the survival rate of the SARS-Cov-1 virus drops by as much as 99% when the ideal humidity of 50% is maintained, relative to either a too low humidity or a too high humidity condition.  This graph is included in our “Humidity” white paper available on our website at www.schnackel.com.  

Pedro…



HUMIDIFICATION

In-Duct distribution Room humidifiers

Target Humidity Range:    40% - 60% RH
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Humidification
Humidification of the space can be accomplished in a couple ways:

One, using a humidifier with in-duct air distribution to humidify an entire building or zone and two using individual room humidifiers.





DEHUMIDIFICATION

• Refrigeration/
Air Conditioning

• Desiccant 
Dehumidification

Psychrometric Chart

DEHUMIDIFICATION METHODS
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Dehumidification 

As you saw on the virus survival graph earlier, high humidity also increases the survival rate of the SARS-Cov-1 virus.  Just as important as keeping humidity levels up in the winter, we must keep humidity down in the summer, which can be fairly easily accomplished with the existing air conditioning equipment.  If the cooling loads are sufficiently high uniformly, humidity levels will be kept naturally down by just air conditioning the space. 




PREVENTION
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Prevention

While there are many ways we can reduce the chances of the spread of pathogens in a building, the best mitigation strategy is to attempt to prevent the pathogen from entering the building in the first place.  



Health Screenings

PREVENTION
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Prevention (continued)

Health and temperature screenings not only catch some instances of the virus from entering the building, but they also increase the confidence level of the building occupants in the diligence of management in addressing this crisis. 




WEAR YOUR MASK!

PREVENTION

Enhanced HVAC Control Infection White Paper Series:
https://schnackel.com/insights/whitepapers/
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Prevention - (continued)

Best of all, stop the droplets from entering the air in the first place, by requiring masks of all building occupants anytime they are in the building. While this may not be completely possible in all occupancy settings, the more you can prevent the droplets from entering the air in the first place the less you’ll have to be concerned about them being spread by the building’s HVAC system.

Thank you for attending our nano-session on HVAC Infection Control. We hope you found it informative.
The web address to our white paper series is indicated at the bottom of the slide.

Thanks for attending.
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