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Buildings consume a large percentage of  the U.S. 
energy budget. Of  the estimated 102 quadril-
lion BTUs consumed in 2009, 40 percent was 

used in buildings, with 18 percent and 22 percent used 
in commercial and residential buildings, respectively 
(Figure 1; DOE, 2009). Building energy consumption 
directly translates into CO2 emissions: 39 percent of  
the total U.S. emissions were attributable to buildings 
in 2009, which represents 8 percent of  the total global 
emissions (DOE, 2009). 

Figure 1. US building energy consumption (%).  
http://buildingsdatabook.eren.doe.gov/, Table 1.1.3. 

More than half  of  the energy consumed in commercial 
buildings is for space heating (36 percent), ventilating 
(7 percent) and cooling (8 percent) the indoor envi-
ronment (EIA, 2003). Degraded heating, ventilating, 
air-conditioning, and refrigeration (HVAC&R) system 
performance can translate into increased energy use 
in buildings. One reason for degraded performance is 
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heating coils (Figure 2). Heat exchanger surfaces are an 
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nutrients (debris inherent on coil surfaces) and mois-
ture (Morey, 1988). In many natural and engineered 
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of  microorganisms, void spaces, excreted byproducts, 
organic matter, precipitates, sorbed ions and particles 
(Sutherland, 2001). 

Microbial taxa 
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turing methods in 
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ings and homes 
include Aspergillus 
versicolor, Cladospo-
rium cladosporioides, 
Alternaria alternate, 
Penicillium spp. and 
Methylobacterium spp. (e.g. Menzies et al., 2003, Levetin 
et al., 2001, Hugenholtz et al., 1995). This contami-
nation often contributes to building-related diseases, 
including hypersensitivity diseases, such as allergic rhi-
nitis, asthma and hypersensitivity pneumonitis. Build-
ing-related lower respiratory symptoms and mucous 
symptoms were shown to be elevated in buildings with 
lack of  cleaning of  drip pans and cooling coils (Men-
dell et al., 2006). Kadoma and McGee (1986) reported 
that residents living in centrally air-conditioned homes 
had more complaints of  eye irritation, sneezing, nasal 
congestion, and cough. Also, air-conditioned homes 
were enriched with total bacteria, Aspergillus spp. and 
Gram-positive cocci compared to outdoor air (a pat-
tern that did not hold for naturally ventilated homes). 
In addition to potential negative health effects, the air–
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by 54 percent in contaminated air-handling units (Ali 
and Ismail, 2008). One study shows degraded air-con-
ditioning performance translated into a 10-30 percent 
increase in energy use in homes (Palani et al., 1992). 
Modeling studies by Siegel et al. (2002) estimated that 
residential air conditioning systems foul enough to dou-
ble evaporator pressure drop in about 7 years (much 
sooner than the expected 15-30 year lifetime) and such 
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capacity. 
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Figure 2. Coil fouling blocks airflow. Photo 
from epb.lbl.gov/coilfouling. 
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It has been reported that many A/C systems, at least in 
the Sun Belt, grow mold and Gram negative bacteria, 
known contributors to poor indoor air quality. Fouled 
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(air horsepower) and a decrease in heat exchange ef-
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result in increased interstitial velocity and insulating 
properties. In more sophisticated systems, compensa-
tion results from an increase in Hertz (RPM) for vari-
able drives (fans and pumps), increases in chilled water 
volume and a decrease in chilled water temperatures, 
and outdoor air volume. In less sophisticated systems, 
motors are re-shaved to provide additional pressure and 
other aspects of  system operation are manually modi-
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all requiring additional energy use. In thermostat-only 
operated DX systems, system run-time is extended and 
outdoor air volumes are reduced as much as possible, 
but these often lead only to higher space temperatures 
and humidity, and poor occupant space responses. 

Coil cleaning is commonly recommended by most equip-
ment manufacturers to be performed regularly (Fencl, 
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today, coil performance is a major concern – any loss 
in coil performance over time is reasonable, reported 
and anticipated. In addition to resulting in poor indoor 
psychometrics, compensation for any such loss in per-
formance includes increased energy use. Many systems 
are maintained only annually using wet cleaning and 
chemical disinfection practices. Chemicals used to abate 
microorganism growth and to clean coils can be danger-
ous to both service personnel and occupants alike, and in 
addition, detrimental to system lifetime. 

Technologies to decrease coil biofouling would help to 
keep the system running at capacity, keep the pressure 
drop across the heat exchanger low and reduce main-
tenance costs. One technology that is currently being 
used in buildings to decrease biofouling is ultraviolet 
germicidal irradiation (UVGI, or UVC). UVC mercury 
vapor lamps (peak radiation at 254 nm) are most com-
monly installed just downstream of  the cooling coils on 
the supply side, irradiating the surfaces of  the coil and 
drain pan to prohibit microbial growth (bacteria and 
mold) from fouling the coil and drain pan (Levetin et al., 
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The GSA requires new building construction, under 
the GSA contracts, to apply UVC in this manner (GSA, 
2005). In GSA-2003, Facilities Standards for Public 

Buildings13, the U.S. General Services Administration 
requires that UVC be used in buildings in their jurisdic-
tion. “Ultraviolet light (C band) emitters/lamps shall be 
incorporated downstream of  all cooling coils and above 
all drain pans to control airborne and surface micro-
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interlocks/features shall be provided to limit hazard to 
operating staff.”

This application is reported to reduce maintenance 
costs, reduce pressure drop across the evaporator coils, 
and improved heat transfer of  evaporator coils, there-
fore resulting in overall energy savings. The energy sav-
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in required air handler (fan) energy. Because LEED 
�����������	 points are based on strategies that will 
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CO2 reductions, it is conceivable that deploying UVC 
coil cleaning technology could count for LEED credits, 
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area (USGBC, 2011). 

Surprisingly, only minimal research has been conducted 
regarding the impact of  germicidal irradiation on bio-
����	����	���	������	������	������	
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tion and current operation of  many of  these systems 
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ing of  coils with UVC proceeds rapidly and fouled coils 
are restored to good condition, saving energy and main-
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coil cleaning system pays for itself  in about 2-4 years. 
The author also notes there are few published studies 
available on this topic. Anecdotal evidence that this 
technology works and can save operational and main-
tenance costs is promising. 
9	 American Electric Power in Dallas, Texas, observed 
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$139,000 over a 2-year period, which was 15 per-
cent of  the total energy costs (AEP, 2001). 

9	 A Tacoma, Wash., jail saved 34,100 therms of  nat-
ural gas/year resulting in a savings of  more than 
$70,000/year in natural gas costs (Checket-Hanks, 
2006). 

9	 A Florida hospital documented within weeks of  
installation, static pressure over the coil decreas-
ing from 1.8 inches of  water to 0.7 inches of  water, 
doubling air velocity within the 27-year-old, 6000 
cfm air-handling unit and saving $5,000 (Keika-
vousi, 2004). 
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9	 A Texas hospital estimated utility cost savings rang-
ing from 18-42 percent after installation of  UVC 
lamps in the air-handling units (ACHR News, 
2007). 

However, to the best of  our knowledge, there 
have been no studies that clearly demonstrate 
whether the application of  UVC actually results 
in energy savings as measured by power con-
sumption metering.

In other studies regarding the fouling of  air-condition-
ing coils, energy savings results were inconclusive (Sie-
gel, 2002). Some of  these studies used laboratory foul-
ing and may not have properly simulated the biological 
fouling found as compared to organic matter accumu-
lated on cooling coils in actual installations. In one study 
performed using room air conditioners in a laboratory 
setting, the coils were loaded with real coil fouling ma-
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gy Commission, two different manufacturers of  UVC 
systems installed systems in School HVAC equipment 
(Okura, 2006). This study indicated a trend to a sav-
ings, however the study was too short and not enough 
data was collected to obtain the statistical accuracy and 
time needed. In addition, the cooling season at these 
particular selected schools was very short as no summer 
session was held. 
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ing UVGI in air-handling units. A recent study showed 
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impact on the indoor air quality and improved health 
of  patients in a hospital. UVC coil cleaning was imple-
mented in a neonatal intensive care unit’s air-handling 
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face, environment (including air samples) and tracheal 
microbial colonization, as well as ventilator-associated 
pneumonia and use of  antibiotics (Ryan et al., 2011). 
/	�
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buildings found that use of  UVC coil-cleaning technol-
ogy installed on the upstream side of  the coil “was as-
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overall.” The study concluded that applying this tech-
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work-related symptoms in roughly 4 million employees 
caused by microbial contamination of  HVAC systems, 
and it would be cost-effective compared with the yearly 

losses from absence because of  building-related illness.
Energy saving studies performed by others (typically 
UVC equipment users, UVC equipment manufactur-
ers, and electric utility companies) have often shown 
��������	 �����	 ������	 2#������	 �  @%	 0�����	
2002). However these studies have not been prepared 
with independent third-party participation or the sav-
ings have been calculated from system operating pa-
rameters. hese results are therefore subject to question 
as they have not been performed with actual calibrated 
power meters and comparison of  UVC vs. non-UVC-
equipped HVAC systems. More research is needed that 
will objectively investigate and document the effective-
ness of  UVC coil cleaning by measuring the actual en-
����	���
	 �	�������
	 �������	=7,8A<	�������	����	
with and without UVC installed. Currently most of  the 
information on energy savings is not available in the 
peer-review literature and only a few studies have been 
published on environmental impacts. If  anticipated en-
ergy savings are proven with well-designed experimen-
tal measurements in real buildings, this energy saving, 
maintenance saving and indoor environmental quality 
improving technology may be accepted for wide spread 
use. It should prove to be an excellent tool for reach-
ing energy saving goals for many buildings containing 
HVAC&R systems. 
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