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Guideline TC26: 
Ultraviolet Lights for Coil Cleaning
Recommendations

Although building performance standards and certification programs are generally based on the as-designed and as-built conditions, there is a tendency for building performance to degrade as the building ages. Degradation of the air handler performance, for example, can be affected by the buildup of dirt and microorganisms on the heat exchanger surfaces with the passage of time. This buildup and consequent fouling and performance degradation is accelerated by the presence of moisture, mold spores, bacteria and other environmental parameters that encourage the growth of microorganisms. 
Several issues should be addressed in response to coil performance degradation. Effort should be made to keep the coil in a clean condition to minimize energy use and maintain systems capacity and building comfort. The building operator should regularly inspect and monitor the condition of the air handler/coil surfaces to assess the degree of biological buildup through visual inspection, presence of odor, increased pressure drop and complaints about insufficient cooling. Language in codes and guidelines should refer to ASHRAE guidelines being developed as SPC 180P to provide minimum inspection requirements that preserve a building’s ability to achieve acceptable thermal comfort, energy efficiency and indoor air quality in buildings.
Conditions that produce or are likely to produce substantial coil fouling should require the use of coil cleaning procedures. If ultraviolet lights are used to provide this cleaning then adherence to the guidelines outlined in this manual and those being developed by the International Ultraviolet Association (IUVA) with regard to sizing, location, safety, operation, and maintenance should be followed.
Description


Using ultraviolet germicidal irradiation, produced by lamps designed specifically for this purpose, can provide 
continuous, cost-effective coil cleaning. These lamps are designed to emit radiation in the wavelength of 253.7 
nanometers that provides the greatest disinfection ability. (The range spectrum of 200 to 280 nm is the “C” range 
of ultraviolet radiation, hence the term UVC.) The radiation is absorbed by the DNA molecule of the 
microorganism, producing mutation and deactivation. Thinner walled viruses are most readily deactivated, 
followed by bacteria and then fungi.

Variations and Options


There are three main types of UVC systems that are generally used in buildings: in-duct, upper-room, and air 
handler systems. 


In-duct systems provide a high level of ultraviolet radiation sufficient to kill microorganisms in the air
flowing 
past the lamps. 


Upper room units are installed in occupied rooms above the heads of the occupants, shielded from their view, 
relying upon personnel movement and heat sources to create currents that 
cause air flow through the units. 
They are most often used in rooms with low air turnover. 


Air handler systems are placed near the cooling coil and drain pan in the delivery plenum and are designed 
to provide ultraviolet radiation that deactivates microorganisms that would otherwise foul the
surfaces of the air 
handling unit. This application; irradiation of stationary surfaces, has long UVC exposure times and therefore 
lower intensity requirements than the other types of UVC systems that are trying to disinfect a moving air stream.


Low-pressure UVC systems use lamps that are designed to provide radiation at the 253.7nm wavelength that is 
most effective in deactivating microorganisms. The lamps use low pressure mercury vapor, operating on the 
same principles as a fluorescent lamp but differing in not containing phosphors that convert UV to visible light. 



Another difference is that UVC lamps are made of quartz or soda barium glass which transmits UVC, rather than 
common glass which does not. 


This guideline deals primarily with issues related to placement of UVC systems in air handing units in the 
proximity of the cooling coil and drain pan. Variations of this placement would consist principally of whether the 
lamps are placed downstream or upstream of the cooling coil. 


If the lamps are placed downstream of the cooling coil there is usually a more direct line of sight from the 
lamp to the drain pan, providing an opportunity to disinfect that source of moisture and microbial growth. 


Practical considerations in the placement of the lamps are; finding space for the lamps (particularly in
retrofit 
situations), achieving a good line of sight to the coil, and avoidance of materials that might be 
exposed to and 
degraded by UVC light.  


In all cases it is recommended that filtration be used in conjunction with the UVC system.


For coil surface cleaning, lamps should be placed to provide good coverage of the coil face. The travel path of 
the UV rays should be directly through the gaps between the coil fins. 


The placement and sizing of the lamps depends on the types of microorganisms in the system, the 
dimensions of the installation and the desired level of disinfection. 
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Typical UVC lamp installation in air handling unit  

(With permission of UVDI)
Applicability
Poor indoor environments in schools influence the health performance and attendance of students. Existing school space conditioning systems can have dirty cooling coils, drain pans and plenums that have been fouled by the growth of microorganisms including viruses, bacteria and yeasts and molds. 

Air passing through and over the dirty coils, drain pans and plenums could be contaminated and could therefore fail to provide the indoor air quality and comfort that can produce optimal student and teacher performance. 

Microorganism growth can also increase air-flow resistance, and reduce heat transfer, lowering the capacity and energy efficiency of the cooling system. 

Studies have shown that substantial coil fouling needs to occur in most systems before coil pressure drop and heat transfer are significantly affected. Coil fouling is defined as an increase in pressure drop above 100% compared to a new coil. 
Reduced air flows from coil fouling can cause typical efficiency degradation of less than 5%
 but can be much greater for marginal or extreme conditions. An analysis of air conditioner coils
 showed that they were relatively insensitive to low and moderate amounts of air flow reduction due to fouling. When air flow was reduced by 35%, the coil had just a 6% drop in EER with the majority (4.6% of the 6%) occurring in last two years of the coil’s twenty year life projection. Both of these studies, conducted in relatively benign dry environments, indicate that substantial fouling is needed to produce modest (~5%) degradation in efficiency. 
The level of fouling needed to provide the opportunity to save significant amounts of energy as cited in Texas and Florida studies
,
,
 and related and related and related is likely to be indicative of humid, warm conditions that have produced considerable microbial growth that may have gone untreated for some time.


Manually cleaning the coils is a laborious process that only temporarily removes the 
contaminants. With UVC 
lights surface cleaning is quick and effective. Continuous cleanliness is maintained, sustaining cleanliness 
benefits. More details are provided in the Attributes section of this guideline.

Applicable Codes

Building codes do not address UVC lights or coil cleaning in general. Buildings are evaluated in their as-designed, as-built condition. (That is a shortcoming of current codes such as ASHRAE 90.1 and Title, Part 6 since building performance will degrade with time and will go unchecked unless the operator is diligent in observing the condition of the equipment and maintains it accordingly.  

Guidelines for the design and operation of UVC light systems for surface disinfection are being developed by the International Ultraviolet Association (IUVA) and when they are completed and approved will serve as a useful tool for UVC systems designers and practitioners.

Integrated Design Implications
When installation of UVC lighting is warranted it should be integrated into the air handler unit in a position that permits direct exposure to surfaces that would otherwise be breeding grounds for microbial growth.

Avoid direct exposure of UVC light to filters containing glue, and to plastic-coated wiring and other materials that are degraded by UVC light.

Cost Effectiveness


The initial cost of the lamps and related control equipment and the annual/periodic replacement costs of the 
lamps are additional costs accrued with the UVC systems. This should be compared to the maintenance costs that 
will otherwise result from regular chemical, biocidal or pressure cleaning.


Incremental energy use of the lamps must also be considered. Practitioners of these systems have asserted that 
the additional cost of UVC systems is more that offset by the elimination of costly air handler system cleaning, 
and incremental coil energy use reduction and that short paybacks are generally achieved. 


Furthermore the quantification of the value of reduced absenteeism, and greater learning performance can greatly 
multiply these benefits. In the end, it may often be the promise provided by using UVC to improve indoor 
environments and to consequently enhance student and teacher health and productivity that turns the decision in 
favor of this technology.

Attributes
Coil cleaning can provide indoor air quality and maintenance benefits and energy efficiency benefits. The following paragraphs describe compare the attributes of UVC compared to traditional coil cleaning methods, followed by more details on UVC benefits and disadvantages/issues.

Traditional coil cleaning methods use chemicals, biocides or pressure washing. Both UVC and traditional coil cleaning technologies lack well-documented quantitative studies of coil degradation and the subsequent benefit of cleaning methods and systems.
	Comparing UVC and Traditional Coil Cleaning Technologies



	UVC Technology

Pros- Surface cleaning is quick and effective. Continuous cleanliness is maintained, sustaining cleanliness benefits. Maintenance (lamp cleaning and replacement) is quick and simple.

Cons- It is unclear how UVC light penetrates well below the surface envelope of the coil to disinfect and clean deep within the coil. UVC only addresses biofouling and does not affect other contaminants. Cleaning could take weeks or months to reach maximum effectiveness. The initial cleaning period may need to be coordinated with breaks/school shutdown periods to avoid transmittal of dead/deactivated organisms into the occupied space.



	Traditional Coil Cleaning Technologies

Pros – Coil is cleaned to the full extent that is manually possible immediately after treatment. Cleans biofouling and other coil contaminants. HVAC technicians are familiar with these technologies, infrastructure exists for their deployment.

Cons- Pressure washing could drive contaminants deeper into the coils. Chemicals and biocides need to be carefully removed to avoid subsequent air contamination. Cleaning can require facility shutdown, disassembly of equipment. The coil cleanliness degrades steadily immediately after initial treatment.


Benefits


Indoor air quality may be improved since the coils that are continuously cleaned by UVC are thus no longer 
an incubation site for microorganisms. Air flowing through the coils is not contaminated, resulting in cleaner air 
being delivered to the classroom.  The UVC lamps are designed to clean both the coil and drain pan surfaces in a 
few hours or a few days
 and to progressively penetrate between the coil rows and fins with time.


Evidence strongly suggests that poor environments in schools, primarily due to the effects of indoor pollutants, 
adversely influence the health, performance and attendance of students and teachers. This evidence links high 
concentrations of several air pollutants to reduced school attendance. There is also persuasive evidence that 
microbiological pollutants are associated with increases in asthma effects and respiratory infections, both of 
which are related to reduced school performance and attendance. UVC lights can offer an effective means of 
both reducing energy use and delivering fresh air to improve classroom air quality.

Maintenance benefits may accrue from use of UVC lights to keep coils continuously clean, avoiding the 
laborious coil cleaning actions that will otherwise be required to return coils to a clean condition. For more 
information see the section on Operation and Maintenance.


Energy benefits may be provided by ultraviolet lighting that removes microorganisms from the coil, drain pan 
and plenum area, cleaning the air-handling unit, and thereby reducing pressure drop, 
improving air-side heat 
transfer and increasing system capacity, resulting in cooling energy savings. 


Lamps are generally operated continuously to achieve the most effective cooling system cleaning and indoor air 
quality improvement. The resulting lamp energy use must be less than the cooling system energy savings for 
overall savings to accrue. In a typical installation the installed lamp power could be as low as less than 1% of 
HVAC system power for large systems and as high as 5% or greater for smaller systems. The savings produced 
by the lamps need to exceed these levels to achieve net energy savings for the installation.

Disadvantages 


Excessive exposure to UVC causes temporary redness and inflammation of the conjunctiva of the eye. Both 
should resolve within 24 to 48 hours.  The cornea is very sensitive to UVC but UVC does not penetrate the 
cornea, therefore adverse lens or retinal effects are not experienced except for people who have had cataract 
surgery to remove their lens or cornea. View ports designed to see if the UVC lamps are operating properly or 
need to be cleaned should be constructed of glass or Lexan since UV does not penetrate either of these materials. 


Safety interlocks should be installed to disable the lamps when access doors or ports are opened to prevent 
unnecessary exposure to the UVC light. The Illuminating Engineering Society of North America (IESNA) cited 
the following exposure limits set by the American Medical Association:
	UVC Human Exposure Limits

	Exposure Duration
	Exposure Limit

	Continuous
	0.1 μW/cm2  

	7 hours/day
	0.5 μW/cm2  

	10 minutes
	22 μW/cm2  

	2.5 minutes
	90 μW/cm2  


The American Conference of Governmental Industrial Hygienists (ACGIH) recommends threshold limit values (TLV) for UVC exposure in an 8 hour period of 6.0 mJ/cm2,    equivalent to an irradiance of .2 μW/cm2  for an eight hour period and .4 μW/cm2  for a 4 hour period. Above this level, erythema (skin redness) and photokeratitus (external eye inflammation) occurs. UV exposure and leakage needs to be minimized. (A tell-tale blue glow provides a clue to UV leakage.)


UVC lamps should be designed to avoid emitting radiation below at the 200nm wavelength that produces ozone.

Plastic-coated wiring can be become brittle when exposed to UV and can create a fire hazard. Glues that hold 
filter pleats together or to hold the filter to the frame can be degraded by UV. The exposure of UV to these 
materials must be avoided. 


While these hazards are real and care should be taken to avoid unsafe practices, experienced manufacturers and 
installers are well aware of the safety issues accompanying the use of UVC in occupied buildings and have 
designed fixtures, safety interlocks, and installation, servicing and operating procedures to avoid any potentially 
adverse affects that cold occur.

Design Tools

Design tools tend to be priority to the manufacturers of the UVC systems but the International Ultraviolet Association (IUVA) is developing Guidelines for design and installation of UVC systems that should serve as a more accessible resource for design of these systems. Current design approaches range from simple rules of thumb to detailed analytical models.

Design Information


Many design approaches are available for sizing UVC systems including using catalogs, tables, 
analytical methods and rules of thumb. 


In general the manufacturer will take the responsibility of sizing the product to meet the conditions required 
by the application. One manufacturer suggests that 24 inches of high intensity UVC tube length be used 
for every 4 ft2 of coil face area and that the ideal distance between the fixture and the coil is half the distance 
between rows or half the height of a one row coil if it is less than 24 inches.


Manufacturers of UVC systems have designed equipment configurations suitable for all major types of air 
conditioning systems used in schools, ranging from unit ventilators to unitary single package and split systems 
and built-up systems used in site-built classrooms to the wall mounted single package systems used in relocatable 
classrooms.


Equipment configurations suitable for retrofit are also available for these types of air conditioning systems used 
in existing schools. Care must be taken to assure that the lamps are placed in the best position to maximize the 
view factor between the lamp and the coil/fin and drain pan surfaces.


A UV Buyer’s Guide is maintained by the International Ultraviolet Association (IUVA) on their web site and  
contains listings and contact information for companies manufacturing UVC equipment for surface and air 
treatment. This information can be found at http://www.iuva.org/public/buyersguide2.php
Operation and Maintenance Issues


An effective traditional coil cleaning program cleans the coils three to four times per year. Use of UVC lamps 
can eliminate the need for these costly, laborious cleaning treatments that create system downtime and use 
chemicals, biocides or pressure washing. Mechanical or chemical washing may also damage coils.


UVC lamps should be inspected to see if they are dirty and cleaned on a regular basis, as needed. Some 
installations have a view port to permit visual observation of the lamps, without entering the air handling unit.

 
The frequency of cleaning of the UVC lamps depends on the level of filtration and whether the lamps are 
upstream or downstream of the filter. Some practitioners suggest that if lamps are installed downstream of an 
effective filter, the lamps will not need to be cleaned at all before they need to be replaced. 


To clean the lamps, they can be wiped with a soft lint-free cloth (when the lamps are “off”) moistened
with 
isopropyl alcohol or glass cleaner, to assure that the lamps are operating at optimal efficiency. 


Lamps lose their efficacy with age and are generally replaced annually or whenever the output falls below 
70% of the Initial output.

Some practitioners of UVC systems recommend manual cleaning of the coils prior to installation and operation of the UVC lamps. This allows the UVC lamps to keep the coil in a continuously clean condition without fear of dispersing deactivated mold and other microorganisms that might otherwise be present if the UVC lamps were used to deactivate microorganisms on a dirty coil and drain pan.

Another option that may work for school buildings is to initially operate the UVC system when the building will be unoccupied for a sufficient period such as the summer vacation break to deactivate the organisms and “flush” them from the building prior to occupancy.


Lamps operate most effectively in still air at 25(C. Temperatures both above and below 25(C result in reduced 
lamp performance 


Lamps are most effective when they are new and clean and lose their efficacy with age and lack of 
cleanliness. 


Humidity has little effect on lamp output but germicidal efficacy appears to decrease with increasing relative 
humidity.


Since lamps lose their efficacy with age and operating conditions often differ from optimal, lamps need to be 
oversized so they can provide effective performance for a reasonable duration in a real world environment of 
dust, humidity and cooling air flow. Manufacturers will take this into account in providing and locating lamps 
and reflectors to provide the appropriate lamp intensity for the installation of interest. 


Lamps should be operated continuously to prevent growth of microorganisms.

Commissioning 

Commissioning should include verification of safety precautions, validation of lamp lighting output and 
operation, including correct installation and operation of fixtures, and safety interlocks. 


Servicing and operating procedures should be reviewed to assure proper maintenance and operation. 


Retrocommissioning procedures should include some measure of coil cleanliness in comparison to the 
as-
designed, as-built condition and as such, initial measurement of the system as-built would be desirable.
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