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1. Executive Summary

Introduction

This report summarizes the work performed for Project 3-Effectiveness of UVC Light for
Improving School Performance, as part of the Advanced HVAC Systems for Improving Indoor
Environmental Quality and Energy Performance of California K-12 Schools Program. This
research was supported by the California Energy Commission’s Public Interest Energy
Research (PIER) Program.

The study quantifies the impact of ultraviolet irradiation in the “C” band (UVC) on evaporator coil
disinfection and indoor environmental quality of California K-12 Schools. The goal of the study
is to determine if UVC is effective in reducing mold and mildew in HVAC systems, thereby
improving indoor environmental quality (IEQ) and producing energy savings.

Technology Overview

The UVC technologies that are the focus of this study are surface disinfection systems whose
principal purpose is to kill microbiological colonies growing on the cooling coil, drain pan, and
other surfaces in the supply air stream. The UVC lamps in these systems are mounted in the
HVAC system supply duct, usually right above the evaporator coil. Manufacturers of these
products claim that these UVC disinfection systems kill mold and bacteria that grow on the
evaporator coil and in the drain pan. This removal of the microbe buildup results in increased
air flow and energy efficiency of the HVAC unit from reduced pressure drop across the coil from
the reduction in air-flow resistance and improved heat exchange from the reduction of colonies
acting as insulating agents. Additionally, the removal of these microbes can eliminate the
potential contamination of the air passing by the dirty coils and drain pan thereby providing an
improvement to the indoor air quality.

Two UVC manufacturers donated equipment, technical support, and installation services to the
study. The study team is appreciative of their generosity and support. This study was designed
to be a technology assessment, and not a product assessment, therefore no manufacturer
names will be disclosed in this report.

Study Goals
The primary purposes of the study are to:

1. Understand whether UVC surface disinfection systems reduce the energy
consumption of AC units and if so, to quantify the reduction.

2. Quantify any changes in Average Daily Attendance (ADA) as a result of the decrease
in the microbial levels after the UVC disinfection systems are installed.

a. Understand whether UVC surface disinfection systems reduce the microbial
growth on air-conditioning (AC) cooling coil surfaces and if so, to quantify the
amount (used to explain improvements in IEQ and potentially ADA).

Study Design

The team investigated the study goals by performing a side by side comparison of two treatment
groups receiving UVC disinfection systems to a control group receiving no UVC treatment.
Measurements were taken before and after turning the UVC disinfection systems on to compare
changes in AC efficiency, microbial contamination, and ADA between the treatment group and
the control group. The study period commenced in August 2005 and lasted approximately six
weeks.

RLW Analytics, Inc. Page 1
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Fifty-four AC units at nine schools within three year-round school districts across California were
included in the study. Thirty-six of the 54 AC units received UVC treatments. A total of 18 AC
units were included in each of the three study groups, one control group, and treatment groups
A and B. Identical AC units serving similar grade-level classrooms comprised each of the study
groups. Both package rooftop and wall mount type AC units were included in the study. The
study goal was to determine the impact of the technology on typical AC systems in California
schools; therefore the study did not specifically target fouled coils. However, the team did
exclude units that were less than 4 years old to ensure that newer coils were not in the study.

The three districts that were included in the study were located in cooling climates and had
year-round school schedules. Districts with year-round schedules were targeted to ensure that
the units in the study were running throughout the summer, with the exception of two to three
week breaks between sessions. This ensured that the level of coil fouling was approximately
that which would be expected during a normal cooling season. Elementary grade levels were
included to ensure that the students were in the same classrooms all day for full school days to
enable the pre and post ADA analysis.

Microbial Analysis

Microbial samples were taken from the surface of the cooling coils for each of the units prior to
and after the installation of the UVC disinfection systems. The samples were taken on the
leading coil fin edge and fin face using sterile swabs. Each sample was sent to a microbiology
lab for quantitative fungal and bacterial testing. The results of the microbial analysis indicate
that the two treatments are notably reducing the levels of microbial growth on the evaporator
coils. Total fungal and gram positive bacteria reductions were from 65 to 100% of colony
forming units.

Airflow and Efficiency Analyses

The UVC impact on system airflow, though not statistically significant" for this study, produced a
positive trend, 1-2% improvement. This may suggest that laboratory or further field tests over a
longer time period may be able to produce statistically significant results.

There were no statistically significant impacts on efficiency and no distinguishable trend such as
the trend identified in the airflow analysis. In future research, true energy impacts must be
studied in terms of a systems airflow and efficiency degrading over time and the disinfection
systems impact on preventing this decline.

A recent study showed that air flow restrictions that result from coil fouling can cause typical
efficiency and capacity degradations of less than 5%, however they can be much greater for
marginal systems or extreme conditions®>. Fouled coils were not targeted for inclusion in this
study, and the on-site team did not observe much fouling of the coils therefore it is not surprising
that airflow and efficiency impacts were found inconclusive.

Average Daily Attendance Analysis

The study assessed the association between the UVC light disinfection and the changes in the
average daily attendance data during the study period. Certain airborne contaminants can
cause health problems, leading to absenteeism from school and work, resulting in reduced
productivity. The analysis compared the change in the attendance rates between the pre and
the post installation periods for treated and untreated classrooms. Our results show that the

1 90% level of confidence.

2 Siegel, et al, Lawrence Berkeley National Laboratory
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difference in the change in the attendance rates (between the pre and the post period) between
the UVC installed classrooms and the classrooms in the control group was not statistically
significant for this study period.

Environmental Issues

The study team made a number of environmental observations at the schools while performing
the engineering measurements. These observations indicate that there are additional areas
where attention could be paid to potential sources of IEQ problems and energy saving
opportunities in California K-12 schools such as dirty rooftop surfaces, standing water near
classroom and outdoor air intake areas, cleaning supplies in classrooms, and lack of door mats
at the entry to each classroom which may contribute to the amount of contaminants that are
transferred to the interior floor coverings.

Independent Opportunities

The environmental observations made by the field surveys resulted in a summary in the report
of the independent opportunities that are available to improve IEQ or AC efficiency. The
majority of the air filters on the units in the study were low efficiency. The use of a higher
efficiency air filter would prevent the passage of a large number of airborne allergens. The
filters could also be replaced at regular intervals to ensure that the maximum filtration capacity
is retained. Also, filter installations should be checked to ensure bypass of filter is minimized,
thereby minimizing build up on the coils. Areas near unit outdoor air intakes should be
maintained to eliminate possible sources of classroom contaminants. Ventilation air rates
should be checked to ensure that the minimum allowable quantity of ventilation air is being
provided to the classrooms. The potential transport of contaminants via occupants, especially
students, should be mitigated using door mats and hand washing. Refrigerant charge should be
tested to ensure that the AC units are performing to their capacity and maximum efficiency.
The oldest units in school districts should be targeted for replacement, especially those over
twenty years old. Rooftop surfaces should be periodically cleaned to ensure that they retain
their solar reflection properties that provide a reduction in heat transfer during the summer.

Study Limitations

This study was originally funded as a purely analytical study that would quantify the benefits of
the UVC disinfection systems using existing data. Through the course of the project, several
factors changed the direction of the project from an analytical model to a field study.

The team originally planned to work with a single manufacturer to identify the existing UVC
systems in California K-12 schools and to obtain utility billing data and attendance data from
these schools to determine if there were any significant decreases in kWh usage and increases
in ADA when comparing the pre and post-UVC period. As a result of some initial research into
the number of installed systems in California K-12 schools, it was determined that there were
not sufficient numbers of systems installed in classrooms where students were in the rooms for
the majority of the school day, providing inadequate data to complete the ADA analysis.

Additionally, the study advisory group recommended that a comparative field study be
performed in place of the analytical study in order to provide some research into the field
effectiveness of the UVC disinfection systems. With both of these considerations in mind, the
study team reassessed the study budget and goals and transformed the project into a field
study. While the field study was designed to provide exploratory research into measure
efficiency and ADA changes, the budget was not sufficient to provide the large sample sizes
and comprehensive testing and customized instrumentation that could have provided more
robust and definitive results.

RLW Analytics, Inc. Page 3
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The study team obtained a small amount of added funding to support the field work, however
the team recommends that in order to perform a field study that would offer conclusive impacts
of the effectiveness of UVC surface disinfection systems in California K-12 schools, a budget in
the range of $2 million would be necessary to provide a comprehensive and indisputable
evaluation of UVC disinfection systems through laboratory and field data collection. The
research presented in this report can be expanded upon by future study teams and some
recommendations for improvement are provided in the conclusions chapter.

There were many physical constraints associated with the systems in the study such as the
compact physical size of the units or the fan being located within an inch of the cooling coil. In
most cases the UVC lamps were installed downstream of the cooling colil, adjacent to the drain
pan. The constraints necessitated a few less than ideal installation configurations, such as
some lamps being installed upstream of the cooling coil where the drain pan is not directly
exposed to the lamps.

The timing of the study was also a challenge for the team since most schools are not in session
during the warmest months of the year: summer. The engineering measurements could only
be performed during the cooling system, yet this time period does not coincide with the typical
school schedule. The team included year round schools in the study to ensure that the schools
would be in session during the warmer months; however these districts still had month long
breaks in their schedules during the summer and fall. These breaks required the team to time
the UVC installations and the engineering measurements to ensure that sufficient ADA data
could be gathered for the pre UVC period. The team had a small window of opportunity to
schedule the UVC installations and perform the engineering measurements in order to ensure
that the ADA data could be gathered. In most cases, the tests were performed in a period that
allowed for sufficient ADA data to be gathered, but the ADA analysis could have been improved
with additional ADA data in the pre and post periods.

The engineering results could be improved by using higher quality instrumentation for wet bulb
temperatures, etc. The increased cost to utilize high precision tools was prohibitively expensive
for this study.

Conclusions

The study team could not conclusively determine if there were any improvements in air flow or
efficiency of the air conditioning units with UVC disinfection systems. The microbial sampling,
which was undertaken primarily to explain the results from the energy analysis and the ADA
analysis, did provide significant findings. The study did find that the UVC technology is effective
in reducing surface microbial levels on cooling coils. The study team did not find high
concentrations of fungi or bacteria on the cooling coils in the study. This could be due to the
fact that California’s climate is relatively dry compared to the rest of the country which equates
to a smaller latent load. Since microbial activity is correlated with the amount of moisture
present, the more humid the climate, the more applicable this technology. Additionally, this
technology is more applicable in regions with high annual cooling hours, or inland climate
zones, where the potential for mold growth is greater.

In summary, this study concludes that the UVC technology is effective in reducing microbial
growth on air conditioning cooling coils. However, the impact of this technology on IEQ in
California schools would be proportional to the pervasiveness of microbial growth on cooling
coils and the relationship between surface microbial growth and IEQ. The presence and
magnitude of microbial activity on the population of existing classroom cooling coils is
uncharacterized at present. Coils that are in an environment that promotes biological fouling
are the best application for this technology in order to produce energy savings through coll
disinfection. Additionally, the total number of cooling hours should be factored into the decision
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to install UVC systems. Higher cooling hours result in more moisture on the coils, and therefore
more potential microbial buildup.

Future Research Opportunities

This exploratory research only scratches the surface of the UVC-related research opportunities
that exist. Based on the findings of this study, at least two important traits of successful future
search are a large sample size and long study duration.

A large sample size would allow future researchers to obtain more precise estimates of the
changes in efficiency. The improved precision would enable the study team to identify smaller
improvements in efficiency from the treatments by narrowing the error bounds around the
estimates. A larger number of microbial samples on each coil would also ensure that the
samples were representative of the entire coil surface. Taking repetitive measurements on the
same coil would avoid the assumption that the variations in CFUs sampled on individual coils
would be negated across all the coils.

Duration of the study should also be an important factor in developing future research. There
are currently no thorough research studies that quantify the amount of time it takes UVC
radiation to penetrate through cooling coil fins. Some UVC manufacturers state that one month
of UVC radiation is sufficient for the irradiation of microbial growth. However, until there exists
research that determines the exact amount of time needed for UVC radiation to penetrate
through the coil fins, a study may be too short for optimum performance to irradiate the growth
within the coil fins.

Future study could also focus on the following questions and topics, among many others:

Irradiation efficacy and microbial disinfection effectiveness near and distant to UVC
lamps

Does the UVC irradiation cause deterioration of non-metal HYAC equipment?
Are the UVC disinfection systems designed to work properly in the cooling environment?
Repetition of cooling coil surface sample quantities and locations

Proper specification of operating hours for application (kill time needed, with energy
consumption considered)

UVC for cleaning building ventilation air to prevent contamination by chemical agents
UVC output degradation over time
Ability of UVC to penetrate into the fins

Relative contribution of AC system, classroom, and outdoor contaminants to air in
conditioned space

Quantify amount of outdoor air being supplied to classroom and effects on IEQ

Sampling Techniques to Determine UVC-related impacts

RLW Analytics, Inc. Page 5
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2.  Study Overview

The study team performed a variety of primary data collection tasks consisting of engineering,
microbial, and survey data collection. This section of the report provides a brief overview of the
data that were collected and the methods used to collect the data. There were five primary
sources of data gathered and analyzed for this study, categorized as follows:

Manufacturer Interviews and Literature Review
Microbial Data

Engineering Data

Qo o ow

Teacher and Classroom Surveys
e. Attendance Data
Manufacturer Interviews and Literature Review

The study team began the study by contacting the major manufacturers across the country in
order to help us better understand current UVC disinfection products and technologies, market
barriers, product availability, customer demand, markets served, and existing research. This
background research was used to inform the selection of the surface disinfection technology
that was included in the study and also to inform the ‘Technology’ chapter of this report.

Microbial Data

The study team collected microbial samples from the surface of the cooling coils prior to and
after the installation of the UVC disinfection systems. A single swab sample was taken from the
cooling coil fin edge and fin face from each AC unit over a 1 in area using an absorption spear.
The on-site team followed the sample handling techniques as directed by the microbiology lab
that performed the testing. These surface samples were analyzed for culturable fungi and
bacteria. The laboratory provided the study team with estimates of the number of Colony
Forming Units (CFUs) per area sampled per coil. These lab results were used to analyze the
reduction in CFUs on treated units in relation to the control group units. This analysis was
performed in order to indicate improvements in IEQ and potentially ADA.

Engineering Data

The study team collected data to support the evaluation of in-situ air conditioner efficiency. The
team first qualified each unit to ensure that the units were in proper working order by measuring
operating pressures and temperatures, determined diagnosis-level refrigerant charge, airflow,
coil condition and various other malfunction indicators. Approximately 30 units were diagnosed
to have low-side or high-side heat transfer problems, incorrect condenser fan speed, or
incorrect evaporator fan speed and were excluded from the study.

The selected units were then subjected to extensive measurements to evaluate the system
efficiencies. Careful measurements were taken using high quality calibrated instruments during
steady state operation of the system in order to evaluate the field operating efficiency and
capacity of the systems. These measurements quantified pressure drop across the evaporator
coil, cooling capacity and efficiency.

On/off event motor loggers were installed for the duration of the study period in order to quantify
run-time of the units in cooling mode (fan plus compressor). After the end of the study, field
staff returned to re-test the operating efficiency and capacity of the units. The units underwent
the same set of measurements as were taken during the first visit. The resulting data were used
to quantify UVC related impacts on energy efficiency.

RLW Analytics, Inc. Page 6
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Teacher and Classroom Surveys

In order to supplement the analysis of the changes in biological contamination on the cooling
coil, other field observations were collected that are typically used in the assessment of indoor
air quality. The observations account for the condition of the area or building in question.

The teachers in the studied classrooms were also surveyed during the pre-installation site visits.
They provided information to the study team about the thermostat controls, the ventilation in the
rooms, and any other IEQ observations. Fifteen of the teachers participated in a follow up
survey to determine what if any changes they noticed as a result of the UVC disinfection
systems.

Attendance Data

Average daily attendance data were collected from each school district for each classroom in
the study. Attention was paid to ensure that the same students were in the classrooms during
the study period. The study period began approximately three weeks after the beginning of the
school year where possible.

RLW Analytics, Inc. Page 7
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3. Technology

Ultraviolet irradiation (UV) is a line-of-sight technology; therefore when produced by a lamp it
can only provide effective disinfection on components with direct or reflected exposure to
ultraviolet irradiation. This report focuses entirely on the efficacy of UVC irradiation for surface
disinfection. It is widely postulated that there may be some correlation between surface
microbial activity and elevated microbial levels in the HVAC system air stream. It is also
understood that there are many factors that contribute to the air quality in the air stream. A few
of the more significant factors are the quantity of outdoor air being brought in to the conditioned
space, seasonal weather conditions that affect the latent load on the system, seasonal and
incidental conditions that affect the airborne count of mold spores, AC unit air filter efficiency,
and air filter bypass.

Due to the many factors that can contaminate the air stream, and the large variation in air
guality measurement techniques, this study did not focus on air quality impacts from the
reduction in surface microbes caused by the surface disinfection UVC, nor did the study
investigate the effectiveness of UVC disinfection systems that are designed specifically to
disinfect the air stream.

Ultraviolet Irradiation Overview

Ultraviolet disinfection technology has been used for more than 40 years to kill harmful
microorganisms of all types in a great many applications, such as food processing, water
sanitation, and hospital disinfection. Ultraviolet germicidal irradiation (UVGI) is another name
for UVC.

Ultraviolet irradiation is invisible light with a frequency just below the visible spectrum. The
ultraviolet spectrum is classified into three main wavelength ranges and is distinguished by how
energetic the ultraviolet irradiation is:

UV-A, from 315 nanometers (nm) to 400 nm
UV-B, from 280 nm to 315 nm
UV-C, from 200 nm to 280 nm

The UVC band is utilized for germicidal irradiation because these rays “penetrate the organism’s
cell wall, disrupting the molecular bonds of its DNA. This disruption renders the microbe unable
to reproduce. Without the ability to reproduce, the organism dies.™

By definition, the shorter the distance across the wave, the more powerful the wave will be.
Studies have shown that the short UVC wavelength of 253.7 nm has germicidal properties and
is most effective at eradicating microorganisms, fungal colonies and spores. Obviously each
type of germ has a different chemical construction and thus requires different amounts of energy
to be destroyed if you use a constant wavelength. This is the target wavelength output for UVC
manufacturers and consequently, the disinfection systems used in this study.

UVC for HVAC

In the past 12 years, some manufacturers have begun to produce UVC systems designed
specifically for HVAC systems. Manufacturers have re-engineered their main line of UVC

% www.ultravation.com
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products to work in HVAC systems because the non-HVAC specific lamps suffered drastic
output losses, specifically a loss in "killing power" when exposed to cold and/or moving air.
According to some manufacturers, not all of the products on the market have these adjustments
(see recommendations for future research in Conclusions Chapter). Since the application of the
UVC disinfection in HVAC systems is a relatively new technology there are currently no codes
or performance standards for the industry, making product comparisons difficult. The
International Ultraviolet Association is currently working to establish performance standards.
ASHRAE is forming a standards committee to address this issue as well. Output levels at
specific temperatures and safety features for each disinfection system should be tested by an
independent laboratory and clearly stated in the marketing material to allow for comparisons
between products. Equally important is the total application of UVC lamps within the geometry
of the system. The number of lamps and spacing between rows of lamps is critical to the actual
distribution of UVC energy over a surface.

The UVC disinfection system consists of an assembly whose primary components serve similar
functions as a standard fluorescent fixture. This includes the UVC lamp, lamp socket, ballast,
associated wiring and enclosure. Mercury vapor is the gas used in the lamps, which produces a
UVC irradiation. Inert gases are used to illuminate the lamps. UVC bulbs are made of quartz or
soda barium glass which transmits UVC, rather than common, soft glass, which is used in
fluorescent lamps, which largely absorbs UVC.

The mounting arrangements vary based on the configuration and physical constraints of the
equipment it is installed on and have been designed with flexibility in order to adapt to a variety
of field conditions. The enclosures, ballasts, and related components can be installed internally
or externally to the equipment that it serves. Some examples of typical UVC disinfection
systems are pictured in Figure 1.

Figure 1: Examples of UVC Disinfection Systems

One standard test for lamp output is measured in micro watts per square centimeter at a
distance of one meter (UW / cm?), which is referred to as the “intensity” or “irradiance” of the
lamp. The effective intensity of a UVC unit is based on many factors, including air temperature,
lamp type, ballast type and output frequency. There is no formally recognized standard or rating
system that quantifies the performance of UVC disinfection systems and consequently no
official criteria exist to determine what constitutes high versus standard output units. Both
magnetic and electronic ballasts are used for both standard and high output systems.

There are two classifications of UVC disinfection systems for HVAC systems;
1. Surface and Air Treatment with placement near the evaporator coil and drain pan, or
2. Air Treatment Only within supply air ducts.

The surface and air treatment system with placement near the evaporator coil and drain pan is
designed to eliminate microbes on the cooling coil and drain pan. Lower output lamps are most
often used for evaporator coil surface disinfection since the surfaces are exposed to the UVC
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radiation for long periods of time and thus require less intensity to Kill the microbial growth.
Some manufacturers also claim that the lamps disinfect the airborne bacteria as the air passes
through the coils and by the lamps. Higher output lamps are also used for coil surface
disinfection and for disinfection of the air that passes through or bypasses the coils.

The air treatment only systems are designed for in-duct applications and use typically higher
output lamps that are designed to kill microbes in the air flowing past the lamps. While these
lamps are designed to disinfect the air stream in the ductwork to treat indoor air quality
problems, they are not effective in reducing microbial activity on the cooling coil as the duct
location typically does not irradiate the coil or condensate pan. Unlike the standard output
lamps that irradiate surfaces for a long period of time, high output lamps are used for air
treatments since the kill must occur during travel through the treatment zone.

Within the heating, ventilation, and air conditioning (HVAC) industry, the technology is applied to
packaged, unitary, and built-up (site constructed) air conditioning equipment, on both direct-
expansion and chilled water cooling systems. The irradiation process can be applied to the
cooling coil, condensate pan, AC unit internal surfaces, and the air distribution systems.

As mentioned previously, this study investigated the use of UVC to provide surface disinfection
of the cooling coil and condensate drain pan. The reduction in buildup on the coils could result
in an increased system capacity by increasing air flow across the coils and improving coil-to-air
heat transfer, resulting in energy savings due to the resulting increase in efficiency. A recent
study showed that the reduced air flows that result from coil fouling can cause typical efficiency
and capacity degradations of less than 5%, however they can be much greater for marginal
systems or extreme conditions®.

The disinfection systems also may reduce fungal-related odors and alleviate air quality concerns
in the indoor environment and reduce the need for costly chemical or pressure washing
treatments of the cooling coil.

The disinfection systems were installed downstream and adjacent to the cooling coil and
provide irradiation to both surfaces, except for a few units where the systems were installed
upstream due to downstream internal space limitations. This common approach is widely
employed by installers due to the fact that on small air conditioning units, one or two lamps
provide effective coverage of the surfaces that are most likely to have microbial growth.

The dose required for a satisfactory kill of specific micro-organisms varies significantly by
species since some are more resilient to the effects of UV energy than others. For instance,
airborne viruses are generally easier to destroy than airborne bacteria and mold spores require
the largest dosage for eradication. In water, some viruses are actually more difficult to destroy
than bacteria. Bacillus mold spores are far more resistant to eradication that other molds and
therefore the required dosage is much greater to eliminate that spore.

The following summarizes the aforementioned characteristics of UVC disinfection systems and
lists a few additional characteristics that should be considered when evaluating certain products.

Adaptability - Disinfection systems are adaptable to the actual configuration and size of
the unit (varying lamp lengths, exterior installations, ease of installation, lamp tilt
capability).

Cost - Multiple lamp systems cost more than single lamp systems. The ballpark cost of
single lamp systems are around $300-$700. The cost of installation should also be
considered. The typical install takes approximately 1.5 hours for the first AC unit and

4 Siegel, et al, Lawrence Berkeley National Laboratory
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Figure 2: Sample of Manufacturer Reported Relation

Figure 3: Sample of Manufacturer Reported Relations

about an hour for identical AC units (for small units), and the cost would vary according
to the difficulty of the install.

Lamp Hours - Lamp life varies by product and should be considered along with lamp
replacement cost when selecting a disinfection system. The approximate lamp
replacement cost is around $30-$200. Lamps provide the most irradiation when they are
new and clean. Their intensity decreases with age similar to traditional fluorescent
lamps. Lamps should be cleaned following manufacturer recommendations to ensure
that they are providing optimal performance. Most manufacturers offer information on
lamp degradation with hours of operation. Below is a sample of one manufacturer’s
supplied information.

Lamp Performance Evaluation
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Temperature - Lamps for HVAC systems are designed to perform in low temperatures.
Lamps operate most effectively in still air at 25°C. Temperatures both above and below
25°C result in reduced output. Manufacturers should be asked if tests have been done
to show that their products operate at design conditions in the air temperature of end
user’s system. Some manufacturers provide lllustrations of the relationship between UV
intensity and air temperature as shown in the graphic provided below.

UV intensity (mW)

1200 -
£ 1000
800 -
600 -
400
200 1
0 ; ; ; ; ; ; \
30 40 50 60 70 80 90 100

Temerature (degF)

*

UV Intensity (m

hip between UV Intensity and Temperature °

Operation - Many manufacturers recommend that the disinfection systems run
continually to achieve the most effective cleaning. Some recommend cycling the

5 .
www.uvdi.com
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www.steril-aire.com
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disinfection systems with the AC operation. Existing contamination in AC units should
first be characterized to ensure an adequate dosage of UV is applied. Knowing the
required dosage also leads to optimizing energy performance by limiting dosage to the
required amount.

Application - Consider end user's desired outcome, surface versus air treatment,
location of mold problem, safety features needed, powered on continuously, etc.

Safety features - Remote or door safety interlock, AC unit view port to inspect lamp from
outside of unit, UL listing.

Wire Exposure - Place foil tape over all wiring that is exposed to UVC radiation. (Teflon
insulated wire is not degraded by UVC and will require no shielding)

Irradiance - Dosage required to irradiate the problem microbes on the AC units varies by
system airflow velocity, air temperature, and moisture in the air. It is recommended to
provide at a minimum of 50 to 100 W/cm? of UV output at 1 m for irradiating coil
surfaces. There are some very specific calculations that are done to determine the
actual output which should be performed by an independent laboratory’. Some
manufacturers will oversize the output of the disinfection systems to ensure that they
provide effective irradiation over their lifetime.

Power - Equipped with electrical conduit openings to facilitate coupling and wiring fixture
to fixture and to power. Allows for various voltage options. The wattage for the UVC
lamp varies from 20-60 watts by manufacturer and application.

Reflectors - Reflective material (i.e. aluminum, which has a high reflection coefficient) is
sometimes placed in the system to spread the irradiance area to regions of the coil or
duct not within the line of sight of the lamps.

Ozone - Ensure disinfection systems produce no ozone or other secondary
contamination. Impure quartz tubes absorb ozone. (185 nm emission produces ozone,
or UVV). (Ozone producing disinfection systems are often used for odor elimination and
water treatment applications. Ozone is a gas that can cause health problems, including
respiratory tract irritation and breathing difficulty.)

Warranty - Ensure that warranties are provided with product.

Safety Concerns / Issues

The effect of ultraviolet radiation on humans strongly depends on the duration and area of
exposure. Ultraviolet radiation in the “A” band, or UVA, is the weakest form. It causes skin
aging, skin reddening, and overproduction of melanin pigments causing age spots. Cataracts
may result from chronic high-level exposures to UVA. UVB is the most harmful of the ultraviolet
wavelengths to humans and has been proven to cause skin cancer, cataracts, and severe skin
reddening reactions.

UVC has the shortest wavelength and cannot penetrate the atmosphere to reach us. At the
present time, the effect of UVC on the human body is not perfectly clear. The World Health
Organization claims that all three bands are classified as a probable human carcinogen. The
Occupational Safety and Health Association (OSHA) states that UVC is absorbed in the outer
dead layers of the epidermis, but chronic exposure to UVC wavelengths can result in

" Kowalski, et al, IUVA News, Volume 7, No. 1, pg. 19
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carcinogenic effects on the skin as well as producing a severe (skin reddening) response®.
OSHA goes on to state that exposures to the short-wavelength UVC, while potentially
hazardous may not be as dangerous since this wavelength can be absorbed by protective
clothing or in the outer dead layers of the epidermis.

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.

The llluminating Engineering Society of North America (IESNA) cited the following exposure
limits set by the American Medical Association:

UVC Human Exposure L imits

Exposure Duration | Exposure Limit
Continuous 0.1 W/cm2
7 hours/day 0.5 W/cm2
10 minutes 22 Wlcm2
2.5 minutes 90 W/cm2

Table 1: Exposure Limits

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 W/cm2 for an eight hour period and .4 W/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.

Many manufacturers claim that the lamps have low penetrating ability and the UVC light is
nearly completely absorbed by the outer, dead layer of skin. They did say that the light does
reach the most superficial layer of the eye where overexposure can cause reddening and
painful but temporary irritation, but claim it cannot penetrate to the lens of the eye and cannot
cause cataracts. Regardless of the effect, the UVC disinfection systems that were included in
this study were all enclosed within the HVAC systems and were not in direct view of humans.
As a safety option, door safety interlocks can be wired into the circuitry of AC units, preventing
accidental exposure to UVC radiation by interrupting power to the UVC lamp when specific
access doors and or panels are open.

It is important for any individual that installs and maintains these systems to be completely
familiar with any hazards and potential damage that can be caused by UVC radiation. In
addition to human safety, there are other issues that could potentially arise from the UVC
radiation being directly exposed to equipment components and wiring. There is no clear
consensus on whether such items as unit wiring, air filter materials, and fan drive belts are
subject to deterioration due to UVC exposure. Originally Underwriters Laboratory (UL) required
that lamp wiring be shielded with metal, but they have since removed that requirement.

Until there are federal standards for the industry that discuss this issue, the end user should
carefully read and understand the manufacturer’s installation and safety data prior to selection,
installation, and maintenance of these disinfection systems. In many instances, manufacturers
can provide information on local contractors familiar with the technology. It was our experience

8 OSHA Instruction PUB 8-1.7, Guidelines for Laser Safety and Hazard Assessment, Covers UV laser and general
UV wavelength effect on skin and eyes.

RLW Analytics, Inc. Page 13



California Energy Commission

Effectiveness of UVC Light for Improving School Performance June 30, 2006

that the technical support from each manufacturer was invaluable in the proper and safe
application of the UVC disinfection systems.

Manufacturers

At the outset of this project, the study team spoke with 12 manufacturers of UVC disinfection
systems for HVAC systems to discuss current UVC products and technologies, market barriers,
product availability, customer demand, markets served, and available research. This section
summarizes the qualitative responses we received from the manufacturers.

Customers purchase the UVC disinfection systems to improve indoor air quality. The
manufacturers agree that very few buildings in the country have UVC disinfection systems
installed in their HVAC systems. Most thought the percentage of buildings with UVC was below
5%, with more installations occurring in the South and East Coast since these regions are
characterized by longer cooling seasons and high humidity. Most installations currently occur in
retrofit applications when the end users react to mold and moisture problems. There is a small
amount of activity where the UVC disinfection systems are installed as a preventative measure
that is used in new construction (e.g. the General Services Administration where they are
required).

A fundamental barrier to the adoption of UVC for AC systems is that people are not aware of the
benefits of the technology. Many people have misconceptions that the technology will produce
ozone or will damage eyesight. More information needs to be disseminated that states the
benefits of the technology in simple terms that are easy for people to understand. Consumers
need to be shown the cost payback of the technology in terms of chemical cleaning costs and
possibly energy savings. Once the information barrier is overcome, the sale is relatively easy.

Manufacturers in Study

There were two manufacturers whose UVC disinfection systems were included in the study.
Both manufacturers produce surface and air treatment disinfection systems. The two
manufacturers donated equipment, technical support, and installation services to the study. The
study team is appreciative of their generosity and support. This study was designed to be a
technology assessment, and not a product assessment, therefore no manufacturer names will
be disclosed in this report. The disinfection systems are analyzed separately in this report and
will be referred to as system, treatment, or group ‘A’ and ‘B’ in subsequent sections of this
report.

Installation

The technology was applied to packaged roof-top units (RTUs) and packaged wall mounted air
conditioning units. RTUs are the most common type of air conditioning unit for conventional
permanent school buildings. The wall mounted style is often referred to as a “Bard” unit (heat
pump), which refers to the manufacturer that originally developed the configuration and currently
dominates the market for California portable classroom HVAC units. These units are installed
on the exterior wall of portable classrooms. Both types of cooling systems employ conventional
direct expansion, refrigerant vapor compression systems with a direct expansion coil providing
the cooling in the air stream. All UVC disinfection systems provided in this study were standard
production units. The UVC systems that were chosen for this study can be generally
characterized as follows:

Units Treatment A Treatment B
One Lamp Units 30 Watts 36 Watts
Two Lamp Units 30 and 20 Watts 21 Watts

RLW Analytics, Inc. Page 14



California Energy Commission

Effectiveness of UVC Light for Improving School Performance June 30, 2006

The two lamp fixtures were typically used in units with space constraints. The smaller wattage
lamps were typically used for drain pan irradiation.

The most common installation approach is to mount the UVC ballast and wiring externally on
the casing of the cooling equipment (Figure 5). Only the lamp or tube penetrates into the
system, while the power supply remains external. All disinfection systems used in this study
were rated for outside installations and with one exception, were mounted either on the side or
top of the air conditioning units. The UVC disinfection systems can be wired so that they are in
operation continuously or only when the air conditioning system is running. The disinfection
systems in this study were powered on continuously, so they were in operation regardless of a
call for cooling. In general, the wiring for these disinfection systems varies by application; the
manufacturers typically wire the UVC disinfection systems for continuous operation.

Figure 4: Examples of Rooftop Air Conditioning Unit s in Study
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Figure 5: HVAC System Schematic
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Figure 6: Wall mounted Air Conditioning Unit
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Whenever possible, the manufacturers installed the lamps downstream of the cooling coil.
There are numerous reasons for this configuration, which include the following:

Air filter - The air filter is located on the upstream side of the cooling coil and is usually
in close proximity to it, making it challenging to install the lamp between the filter and
the coil. Additionally, there is some concern amongst various UVC manufacturers that
exposure to UVC may accelerate deterioration of some air filters.

Breakage - Since air filters are routinely changed, the potential for physical damage to
the UVC lamps is greater when located adjacent to the filter. As previously mentioned,
UVC lamp lenses are susceptible to cracking and failure as a result of direct handling.

Microbial growth - The downstream side of the coil tends to have more condensate on
it, and thus a greater potential for microbial growth.

Drain pan - The exposed portion of the drain pan is on the downstream side of the coil,
therefore irradiation of it is effectively achieved when lamps are installed downstream of
coil.

Exposure - If UVC disinfection systems are not equipped with door safety interlocks,
the lamps may remain in operation during equipment servicing, resulting in technicians
experiencing direct exposure to UVC radiation while changing the air filter, etc. (To a
lesser degree this hazard remains regardless of installation location.)

An exception to this strategy is on wall mounted units, where locating the lamp downstream may
lead to the UVC light being visible within the conditioned space. This is due to supply air ducts
that discharge horizontally through the exterior wall and directly into the room through a wall
mounted supply register in some instances. One could look directly into the AC unit cavity
through this register and possibly view the UVC lamp. For this type of configuration, the
manufacturers prefer to install the lamps upstream of the cooling coil where the lamp is blocked
by the coil, preventing the UVC radiation from entering the classroom or occupied space.

The preferred distance between lamp rows is between 24 to 45 inches, and varies by
manufacturer and equipment geometry. If the irradiation surface is larger than this, then two
lamps or multiple lamps are installed. The number of lamps installed on a unit varies based on
the size of the coil along with any obstructions and access issues identified in the field. The
majority of the units in this study required only one UVC lamp. In some instances, installers
placed a second lamp on the AC unit due to the tight clearances between various internal
components. This was done in an effort to provide ample irradiation to both the coil and the
condensate pan. One lamp would have been insufficient for these applications since the blower
housing would have obscured irradiance of the pan.

Lamps are ideally installed perpendicular to the coil fins to provide the most complete irradiation
of the space between colil fins. The travel path of the radiation should be directly through the
gaps between the coil fins. When the lamps are placed parallel to the coil fins, the fins nearer to
the lamp may shade the fins that are more distant. A parallel installation may require a greater
number of lamps for complete coverage depending on the equipment configuration (ensuring
that the optimal watts/surface area is achieved).

The power supply arrangement for each UVC disinfection system is determined by the voltage
available at the air conditioning unit and the voltage required at the disinfection system.
Typically, the UVC units accept a hominal 120 or 230 volt power feed. Frequently the power
supply to RTUs is 480 volts which requires the installation of a step down transformer for each
AC unit. Wall mounted AC units typically use 230 volt supply, which accommodates UVC
devices.
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Installation challenges

The effectiveness of UVC can be limited by the air conditioning unit configurations. In pursuit of
economy, roof top and wall mounted units employ very compact designs. It is common to find
the evaporator fan housing within one or two inches of the cooling coil on one side and the
same distance for the air filter on the other side. Figure 7 shows a fan housing that obscures
access to the coil. These types of configurations result in less than ideal lamp locations. The
greatest irradiation area per lamp is afforded when the lamps are installed perpendicular to the
coil fins. In some instances the technicians were forced to install the lamps parallel to the coll
fins, a less advantageous position for irradiation, as shown in Figure 8.

Figure 7: Distance of Supply Fan to Cooling Coil

<

Figure 8: Lamp Installation Parallel to Evaporator Coil Fins

The success of the technology is also dependent on the quality of the installation. Installers
often rely on their own judgment to compensate for challenges in the field. The field staff made
some observations of installations performed in space constrained systems. Figure 9 shows
that the lamp was installed with the intention of irradiating the condensate pan; however it was
placed on the upstream side of the coil, on the opposite side of the pan due to space
constraints. In another instance, the lamp lens is in contact with the fan housing, which may
contribute to premature lamp failure. Review of an installer’'s approach and inspection of their
work are useful to assuring a quality installation.
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Figure 9: Lamp on Upstream side of Evaporator Coil
Installation Steps

This section describes the general steps that were taken by the manufacturers to correctly size
and install the disinfection systems on these relatively small AC units in the study:

1. Sizing - Determine clearances between the lamp and the coil and the lamp and the
blower and the overall space within the AC unit. Determine the number of lamps needed
for the unit, with cost being a consideration since a two lamp installation is more costly
than a one lamp installation. Ensure panel access for power supply.

2. Equipment - Assess the needs of the end user to determine the appropriate types of
equipment to install for their application (surface vs. air treatment, location of mold
problem, safety features needed, powered on continuously, etc.).

3. Enclosure Placement - Drill hole for lamp and mount the weatherproof enclosure on the
exterior of the system.

4. Clear Hole - Remove insulation from drilled hole.
5. Lamp Placement - Place lamp through the enclosure.

6. Protect Existing Wiring’ and certain organic based system components such as
insulation or gaskets - Place foil tape over all wiring and organic components that are
exposed to UVC radiation

7. Power the Lamp.

Most units in the study were side-mounted to ensure that the lamps were perpendicular to coil
fins. A side-mounted UVC lamp is placed below the mid-point of the coil to ensure coverage of
the drain pan. Due to the space constraints in the study AC units, some of the placements of
the lamps were slightly above the desired location and therefore the irradiation of the drain pan
may have been reduced up to 10% or more.

® Manufacturer B continues to use the steel shielding rod to provide stability for the lamp and to shield vinyl insulated
wires subject to direct UVC exposure.
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4. School District Selection

This section of the report addresses the study sample sizes, the precision of the energy
consumption analysis, and how the school districts were selected. We began the study
planning by collecting energy consumption information (i.e., billing histories) from a sample of
schools that we have worked with in the past. Using these data we computed the approximate
savings that the disinfection systems must produce in order for us to conclude that the savings
are statistically significant at different sample sizes.

Two manufacturers were included in this study; the sample sizes that we discuss in this section
are in reference to an individual manufacturer since the results from the two manufacturers were
not combined during analysis. We derived sample sizes based upon the assumption that
cooling and ventilation comprise 23% of the total building energy.

The percentage of cooling and ventilation energy was calculated as a percentage of the total
energy in schools from Table 3 on page 17 of the request for proposal (RFP). A UVC
manufacturer’s website claims, “Many commercial building operators estimate that UVC lights
have yielded 25-30% reductions in their total AC system energy usage”.

The project team considered the total amount of cooling energy and the manufacturer’s claims
about energy reductions to determine the required sample size in order to identify if the
technology were achieving these savings. The budget for this research project was able to
support 17-18 lamp installations. Considering a sample size of 17 lamp installations, we
needed to observe at least an 11% reduction in cooling and ventilation energy per unit in order
to conclude that our findings are statistically significant. If the disinfection systems do yield an
11% reduction in the 23% of cooling and ventilation energy, the total energy impact would be
2.5% of total building energy.

School Sample

We began the assessment of the sample size by gaining an understanding of the year-to-year
energy variation in schools. To assess this variation, billing data were obtained from an
assortment of master metered schools in Northern California. We found very little annual
variation at these schools (i.e. a very low error ratio of 0.07)'°. The error ratio measures the
overall strength of the association between year 1 and year 2. Since the study period was six
weeks, the error ratio could be even lower. The smaller the error ratio, the stronger the
association between the two years. The error ratio is calculated as the standardized deviation
between year 1 and year 2 divided by the mean consumption in year 1. An error ratio of 0.07
means that about 2/3 of the actual values in year 2 are expected to fall within +/- 7% of their
expected value given year 1 consumption.

Since this is an engineering-based experiment that was conducted at the AC level, we expect
our precision to be better than what we would obtain at the whole building level, therefore we
have estimated the standard deviation to be 70% of the deviation at the whole building level.

With this information in mind, we begin to compute the minimum sample size by defining a few
terms,

y = year to year consumption

0t is likely that other districts throughout California have slightly different variations in annual energy consumption
from year to year and their errors are slightly higher or lower. Therefore, the actual % cooling savings that are
required for statistical significance will vary slightly from these estimates.
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m; = mean kWh consumption in year 1 for population

s =sd (y1—Y2)

Assuming a simple random sample, the difference between the two school years 1 and 2 is as
follows:

Savings=m —np

We estimated the difference between the two years as the difference between the means:

Estimate yl - Yz = (y1 - yz)

The standard deviation of the difference is computed as follows, integrating the optimal sample
size into the formula:

sd(Yy:- Vo) =5 /4/n

Considering the two-sample comparison of treatment to control, the standard deviation is then
used to compute an error bound:

Error bound =z * (S /\/ﬁ) 2

The estimate of the difference with the error bound (in kwh) included is written as,
Savings = yl- Yzi z* (s /\/I'T) *\/E

The percentage difference with the percentage error is (relative precision):

Vi- yziz*x/i*(sl\/n_)
Us

Ux

% of Savings =

If the true savings are approximately 2.8% of energy consumption, then the error needs to be
smaller than 2.8% to obtain significant results (or 12% of cooling savings). Using the above
formulas and z=1.645, corresponding to a 90% level of confidence, we calculated the error
bound that would result using different numbers of sample sizes. As shown in Table 2, HVAC
savings of 11% may be statistically significant with a sample size of at least 17 installations per
technology.

% Cooling

n .

Savings
12 13.0%
13 12.5%
14 12.0%
15 11.6%
16 11.3%
17 10.9%
18 10.6%
19 10.3%
20 10.0%

Table 2: Estimated Savings by Sample Size

Sample Selection

The study included two manufacturers of UVC disinfection systems and was designed for a
sample size of 17-18 units per manufacturer. We identified 18 subgroups of three comparable
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units at each school by discussing maintenance practices with the facility engineer and
inspecting the units during a preliminary visit to each school. We also restricted the classrooms
served by the subgroup of units to cover similar grade levels and similar system types and
loads. We then randomly assigned the technologies to the two units, while the third unit
remained untreated and served as the control group.

A total of 54 air conditioning units were included in the study; 36 (66%) of the units were treated
with UVC disinfection systems. Packaged rooftop units (RTU) and exterior wall mounted
packaged terminal heat pump (PTHP) were included in the study. The wall mounted units were
used principally for portable / modular classrooms. It was our intention to select the number of
RTUs and PTHPs in proportion to the total number found at each school; however during our
unit qualification visits we found a much higher proportion of qualified RTUs than PTHPs, thus
there is a larger proportion of RTUs in the study (9 PTHPs and 45 RTUS).

School Sites

RLW began recruiting school districts into the study once the study methodology was finalized.
The school recruitment process took much longer than we originally anticipated due to the lack
of qualified school districts and the multiple layers of school administrators that had to approve
the terms of study participation once a district was qualified. After many months of contacting
school districts, we finally recruited three districts and obtained signed non-disclosure and
confidentiality forms from school district officials.

A school was deemed “qualified” when it met the following criteria:
Was located in a cooling climate to ensure that ACs were regularly used,

Would operate on a year-round schedule or would have normal load in summer/early
fall to ensure that classes would be in session and ACs would be in use during the
study period,

Was an Elementary school to ensure that the students stayed in their classrooms all
day long to enable the attendance analysis,

Agreed to provide attendance data from the study period,

Was not planning changes to the load during the test period to ensure that there will be
no major remodels, including mechanical or lighting retrofits, or any changes to the use
of the classroom during the study period,

Was not planning changes to the classrooms during the study period such as grade
level changes, teacher changes, or drastic class size changes, and

Had HVAC systems that were at least four years old.

During the preliminary visits to each school, RLW verified that the school district officials fully
understood the scope of the study and were willing to provide us access to the rooftops and the
teaching staff. We also ensured that the school officials were willing to provide us with average
daily attendance (ADA) for each classroom.

The map below shows the approximate locations of the three districts. All three school districts
are located in highly populated areas of the state. District 1 is located in Title-24 climate zone
12, District 2 and 3 are located in Title-24 climate zone 10.
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Figure 10: District Locations

Figure 11 shows county population statistics from Census 2000 for each of counties in which
the school districts are located. The income line shows that the three selected districts have
average incomes that closely resemble the average statewide income level. This indicates that
none of the districts are outliers in terms of being located in high or low income areas.

Figure 11: Mean Household Income by County

Figure 12 shows some school statistics from the facility surveys that our on-site teams
completed. District 1 had 2 participating schools serving grades K-5. Both schools were built in
2000 and still had their original packaged rooftop air conditioners. There were 5 study groups at
the first school in this district, equating to a total of 10 treated and 5 untreated units. Note that
approximately half of the units in the study are less than 10 years old and the other half are over
20 years old.

School | School Study

District | School Type YrBlt |AC Age AC Type T24 CZ Groups
A 2000 5 5
1 5 K-5 2000 3 Packaged Rooftop 12 >
C 1-6 1995 10 2
2 D 1964 20+ Packaged Rooftop 10 1
E K-6 1964 20+ 1
F 1956 20+ Packaged Rooftop 2
3 G K-5 1999 6 10 2
H 1960 20+ Packaged/Wall 2
| 1998 7 1

Table 3: School Demographic Information
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5. Microbial Analysis

It is widely postulated that there is a correlation between coil surface microbial activity and
elevated fungal levels in the HVAC system air stream. It is also acknowledged that causal
relationships between surface and air borne microbial concentrations are not definitive, nor is
there any consensus in the academic or medical communities as to the extent of influence one
has over the other.

In consideration of this, it was determined that our efforts would most effectively be focused on
a strict analysis of surface samples on each unit for culturable fungi and bacteria. By excluding
air sampling, we are able to enhance study precision and certainty. The study size of 54 air
conditioning units enhances the statistical precision of our work. These tests provide a spot
verification of the reduction in microbial colonies. In the absence of comprehensive surface and
air testing we do not have the ability to make any statements about the biological components of
the air; instead we use average daily attendance (ADA) as a proxy for IEQ.

Sampling Methods

The final sampling plan entailed taking a single swab sample from the cooling coil fin edge and
fin face from each AC unit. Project consultants Dr. Harriet Burge and Terry Brennan, two indoor
air quality experts, suggested a swab sample from the fin face since there is potentially
substantial microbial growth in this area. Collecting samples from the fin edge alone may not
capture microbial activity on the coil, as much colonization likely occurs on the fin face. Surface
sampling may reveal interstitial reservoirs that have not yet become airborne. The advantage of
surface swabbing over the more popular tape lift techniques is that a swab provides a much
larger volume of material, which in turn yields a more representative sample.

Prior to the field data collection phase, research and experimentation was undertaken to
establish an effective and practical swab sampling technique. Several different approaches
were tried with varying degrees of success. Initially, we worked with a razor scrape technique
where a single-edged razor blade was used to scrape material off of the coil. We found that the
sharp blade edge tended to hang up and slightly gouge the coil. It proved to be impossible to
glide the razor along the coil and accumulate material on the razor itself. It would also be
difficult to position the blade edge perfectly parallel to the fin face in order to scrape material
along the entire edge of the razor. In turn, removal of the sample material from the razor blade
would also prove to be tedious.

In a second approach, Emlab provided their standard “Transporter Swab”, often used for
surface sampling. Figure 12 shows the swab and a hermetically sealed, sterile vial used for
transport. Though this arrangement was quite convenient, the size of the swab head and
‘handle’ precluded sampling from the fin face as the gap between fins typically ranges from less
than 1/8 inch to roughly 1/32 inch. The swab simply would not fit between the coil fins.

Figure 12: Transporter Swab
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Our last sampling approach proved to be the most effective and was adopted for all field
sampling. In coordination with Emlab, the Sugi absorbent spear (Figure 13) was acquired and
field tested. These synthetic surgical sponges absorb fluids twice as fast as the best cotton
sponges and have three times their fluid-holding capacity. They are made from strong, soft, lint-
free, biocompatible-proven material. They are sterilized by radiation and come in clear, sealed
packages.

In the initial dry condition, the spear readily fit between all coil fins encountered in our sample
groups. This allowed the spear to initially be inserted between the coil fins. As the spear
swelled due to moisture accumulation, additional sample was drawn into the swab. As the swab
became fully saturated with moisture, it took on the nature of a mop, which allowed for
continued swabbing on the fin face and edge. Test sampling was conducted at the Emlab
laboratory to confirm the recovery efficiency of the spear.

Each coil sample point was chosen based on its immediate proximity to the UVC lamp, which
was typically (though not exclusively) on the downstream side of the coil. In all instances, the
single microbial sampling location was within 6 inches of the UVC lamp. Within that area,
preference was given to any particular location that visually exhibited fungal growth. A one
square inch area was then sampled using a single absorption spear. The spear was inserted
between the coil fins and drawn back and forth, and then repeatedly swept against the fin edge
with deliberate effort given to wiping the fin faces in the process.

Figure 13: Microbial Sampling Tools

Once the surface sampling was complete, the absorption spear tip was clipped off and dropped
directly into a sterile sample vial and cap firmly replaced on the vial. This eliminated the need
for additional handling of the sample and the potential for contamination. The sample
identification number, date and time of sampling were then written on each vial. The sample ID
string included the air conditioner identification number, room number for which the unit served,
and finally the letter “A” or “B” to indicate whether it was a pre-test or post-test. These steps
ensured that there would be no confusion of which vial corresponded to which AC unit.

All samples collected were then stored in an ice chest and at the end of the day were packaged
with ice packs and shipped overnight to an analysis laboratory location in northern California.
Included in each shipment was a completed Chain of Custody form. Upon receipt at the lab,
culturable fungi and bacteria assays were run and analyzed.
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Figure 14: Typical Swab Sample Location

Other IEQ Factors

In order to supplement the analysis of the changes in biological contamination on the cooling
coil, other factors were recorded in detailed field observations that are typically used in the
assessment of indoor air quality. The study takes into account the condition of the area or
building in question. Survey forms were created specifically for this work and enumerated in
detail what was documented. In summary we accounted for,

General cleanliness of the area.

Whether the doors and windows were kept open or closed.

Any indoor source of water or high relative humidity.

Room condition including carpeting, walls, ceiling, etc.

Condition of the coil, drain pan, and ducts before and after the treatment.
Incidence of asthma or other respiratory attacks.

The results of these surveys are included in the ‘Teacher and Classroom Observations’ chapter.

Testing Laboratory

All microbiological samples were cultured at EMLab, which is recognized as one of the leading
commercial indoor air quality testing laboratories in North America. It has over 30 years
experience in mold testing and bioaerosol analysis, and helped pioneer the 1AQ industry. The
company also provides bacterial analysis, in addition to its analysis of air and surface samples
for fungi, including mold, yeasts and macrofungi.

Culturable Fungal Analysis

Upon receipt in the laboratory, samples are checked against the Chain of Custody and logged
into the Labserve™ database, which facilitates sample tracking, automated report generation
and an electronic Chain of Custody for future reference. In this study, the laboratory procedure
for culturing fungal colonies involved plating various dilutions (usually 1:10, 1:100, 1:2000 and
1:10000) of each sample solution onto a variety of media to enhance the growth of a wide range
of fungi. The plates are incubated at room temperature for five to seven days. The plates are
then examined by an experienced analyst to identify and quantify the mold growing on the
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plates. The final data after the completion of analysis was reported in Colony Forming Units
(CFU) per surface area sampled.

Health Impacts

The health impact of indoor air contaminants on specific individuals varies tremendously and is
currently the subject of numerous research studies to determine the extent of the health impacts
from IEQ. Factors such as the general health of the individual, duration of exposure, intensity of
exposure, toxicology and combination of contaminants, all play a significant role in whether or
not an individual experiences slight, moderate, or acute reactions and illnesses. As noted
already, other uncontrolled factors will likely influence to what extent the classroom environment
affects a child. How health impacts might specifically affect learning is subject to a broad range
of factors. In this study, absenteeism is clearly in focus. Other affects might include impaired
memory, reduced concentration abilities, increased asthma and allergy incidences, and irritation
of mucous membranes, along with chronic illnesses. In order to present relevant findings we
accept that there is some relationship between learning capacity and indoor environment
guality, but have consciously avoided any detailed discussions in reference to it.

Aside from Aspergillus, there is no speciation of fungi genus or bacteria. It is acknowledged that
within a genus there often lays traits attributed to particular specie which can be of great import
in regards to its effects on humans, how readily it colonizes, its morphology, the conditions
under which it thrives and so forth. This study does not address the detailed aspects of
numerous species, as this is not a primary goal of this report. We will informatively speak of
various genus and some common attributes in order to bring forth a general comprehension of
their interaction in the built environment and humans.

Fungi

In the microbiological world there are some typical characteristics for numerous fungi. These
characteristics assist in identifying the type of environment that is likely present and the potential
health impacts that may be posed. Following will be a cursory explanation of factors that bring
into clearer focus the reason for various patterns seen in our microbial sampling test results.

The fungi Cladosporium is a nearly ubiquitous organism commonly found outdoors and is widely
distributed in air and decomposing organic material. It produces a black pigment that protects it
from ultraviolet light. This characteristic, as well as its growth and dispersal characteristics, is
likely responsible for its presence and abundance in the environment. The numbers found
indoors are often less than outdoors numbers.

It is not surprising to find that Cladosporium ranked as the most frequently occurring fungi in our
pre-tests, comprising 20% of the study group. It is also interesting to note that when excluding
the controls units in the post-tests, UVC was effective in completely eliminating Cladosporium
colonies in 90% of the group.

Hydrophilic fungi are those fungi which require particularly high levels of moisture in order to
colonize. Aureobasidium falls under this classification and is commonly found in areas such as
bathrooms, shower curtains, and kitchens. Cooling coils apparently provide conditions of similar
moisture content. In pre-test results, we found Aureobasidium to occur with the second greatest
frequency of 19%.

Opportunistic pathogens are a group warranting clarification, though fungi of this sort were not
observed in great frequency in this study. Aspergillus (particularly Flavus and Fumigatus),
Curvularia, Fusarium, and Penicillium are some of the more common types that fall into this
category. They can pose potential health problems to immuno-suppressed individuals and
usually do not negatively impact the general population.
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There are a few fungi that are of notoriety owing to the fact that they can grow at 37 degrees
Celsius which allows them to colonize in the human body. This can occur in healthy individuals
given sufficient exposure time and/or concentration. Relevant to our the test results in this
study, the Aspegillus genus, notably A. Flavus, A. Fumigatus, and A. Niger all hold true to this
reputation. In the case of these three species, none of them occur in appreciable frequency or
concentration.

It is evident from the test results that yeast occurs most frequently and in numerous instances,
showing very high counts. When reviewing the yeast test results, there are several noteworthy
factors to consider. Yeasts propagate prodigiously in a variety of conditions so it is not unusual
to see very high levels in wet environments. They proliferate in high water content and they tend
to agglomerate into clumps. As a result, very high sample counts of yeast colonies are a
somewhat common phenomenon and can be a result of the environment in which they are
growing. A sampled ‘yeast clump’ can continue growing in the sample vial, and further
reproduction can occur in the lab prior to culturing the sample.
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Table 4: Frequency of Fungi

Bacteria

As is the case with fungal colonies, it is also true that there is great difficulty in forecasting the
health effects of high or low bacteria concentrations. Therefore, one cannot reliably draw
conclusions regarding bacteria concentrations found in this report and their potential effects on
a school population.

The broad spectrum bacteria group includes all organisms, both Gram positive and negative,
that can grow on an enriched media, in this case Tryptic Soy Agar with 5% sheep’s blood.
Broad spectrum simply accounts for total bacteria and is not considered defining. It is included
in this study, as it is part of the standard bacterial quantitative analysis from Emlab.

Gram negative bacteria are common to wet environments and would very rarely be found
indoors. Health concerns associated with these is largely dependant on individual sensitivity
and actual CFU levels. Those familiar with microbiological testing of drinking water are
accustomed to the routine analysis for what is commonly know as “E. coli” (Escherichia
coliform) bacteria which is used as an indicator of contamination from fecal (sewage) sources.
It should be understood that the presence of coliform bacteria does not necessarily indicate the
presence of fecal coliform. Some non-fecal coliforms are widely distributed in nature and are
free living in water, soil, and on plants. Thus, the presence of small nhumbers of these
organisms should not be considered abnormal or of any particular concern for human safety.
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Gram Negative non-fermentative includes organisms such as the genus Pseudomonas, which if
found in high numbers may be indicative of a high moisture situation. They are less common
indoors than outside.

Gram Positive bacteria includes many of the organisms that are shed from humans such as the
genera Micrococcus and Staphylococcus. Also in this group is the genus Bacillus, which is a
very common spore-forming organism that is found in soil. Because Bacilli form resistant
spores, it is hot uncommon to find large amounts in areas where dust, and other materials, are
allowed to settle over a prolonged period of time. It is more resistant to UVC disinfection when
in the spore stage. By in large, these bacteria are typically not harmful to humans other than a
select few including anthrax.

Contaminant Impact Analysis

In a study published in 2003 in The Lancet medical journal, scientists assessed whether
ultraviolet germicidal irradiation (UVGI) of drip pans and cooling coils within ventilation systems
of office buildings would reduce microbial contamination, and thus occupants’ work-related
symptoms™. The study found that the disinfection systems resulted in substantial reduction of
viable microorganisms on exposed surfaces. Specifically, the operation of UVGI resulted in a
99% reduction of microbial and endotoxin concentrations on irradiated surfaces within the
ventilation systems.

In this PIER study, sample counts of 25 different fungi and four categories of bacteria were used
to compare the surface cooling coil microbial concentrations before and after the UVC
disinfection systems were installed. Two of the bacterial categories (Gram Negative Coliform
and Gram Negative Non-Fermenting) showed no significant levels of growth, pre or post UVC
disinfection system installation, and were thus dropped from our analysis.

The descriptive statistics of the tests for broad spectrum bacteria, gram positive bacteria, and
total fungal counts are summarized in Table 5 in quantities of Colony Forming Units (CFUs) per
1 in* swabbed area. For example, the first row in the table displays the results from the Broad
Spectrum Bacteria tests for the control group prior to the installation of the UVC disinfection
systems. There was an average of 997,821 Broad Spectrum Bacteria CFUs on the units. The
test results for all 18 of the control units were factored into the calculation. The lab results
showed similar pre-UVC concentrations of broad spectrum bacteria, gram positive bacteria, and
fungi on the coil samples in all three groups of air conditioners.

1 Menzies et al. 2003, pg 1785
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Test Group n Mean StDev Sum Min Max
Control|Pe_| 18 | 997,821] 2,295776] 17,960,780 0] 6,000,000
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» o p |Pre | 18 | 450,180]1,457,952| 8103240 0] 6,000,000
Post|[ 18 101 242 1,820 0 1,020
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=i Post| 18 | 335,249] 1,413,747] 6,034,480 0] 6,000,000
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2 g |Pre | 18 13,852] 44,052 249,340 o] 186,600
Post [ 18 42 141 760 0 600

Table 5: Summary of Microbial Data

Pre-Installation

The B group had a mean pre-installation bacteria concentration roughly half that observed in the
control and A groups. However, the number of units with observable levels of contamination
was roughly equal across the study groups, with the control group exhibiting the lowest level of
initial contamination (five units with gram positive bacteria, compared to eight units in each of
the other two groups).

Figure 15 shows the frequency distribution in bins of gram positive bacteria CFUs on the units.
The graph on the left shows the pre-UVC distribution and the graph on the right shows the post-
UVC distribution. It can be clearly seen that the initial bacterial tests showed that the coils had
relatively few bacterial CFUs on them.
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Figure 15: Distribution of Gram Positive CFUs

Observed fungal contamination was opposite that of bacterial contamination. Instead of the
control and A groups having the highest growth, the control and B groups exhibited roughly
double the A group concentrations of fungal growth. The A group had significant growth on only
five units while the control and B groups had eight groups with significant growth. All three
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groups, however, had significant levels of CFUs on the contaminated units before installation of
the UVC disinfection systems.

Figure 16 shows the frequency distribution of the total fungal CFUs on the units. The graph on
the left shows the pre-UVC distribution and the graph on the right shows the post-UVC
distribution.
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Figure 16: Distribution of Total Fungal CFUs

Microbial Impacts

We analyzed the changes in the levels of microorganisms using ratio estimation techniques to
estimate the mean percentage change in CFUs from before installation to after installation.™
These estimates and their 90% confidence intervals are displayed in Figure 17 below. The
study team also performed a logarithmic analysis that resulted in very similar results and
therefore are not presented.

Mean bacteria counts in the control group dropped roughly 66% for broad spectrum and gram
positive bacteria. There are some possible explanations for this drop, the most likely being
changes in the weather and thus changes in air conditioning use during the study period. The
study team ensured that the maintenance personnel did not perform any cleaning of the coils
during the study period. One other remote possibility for the reduction in the contamination is
that new filters were placed on the units at the beginning of the study period. Some of the old
filters were very soiled when the team inspected the units. By placing a clean filter on the unit, it
would have prevented new fouling thus giving the existing microbes time to die off naturally.

As can be seen in Figure 17, the drop in percentage reduction in the number of CFUs for both of
the treatment groups was larger for broad spectrum bacteria. Group A had a 92% reduction in
the number of broad spectrum CFUs with a 90% confidence interval of 82% to 100%. On the
group B units, there was virtually no observable broad spectrum bacteria growth post-UVC
installation, resulting in a mean reduction of 99.98%, and a 90% confidence interval of 99.96%
t0 99.99%.

Group A did not perform as well with gram positive bacteria, exhibiting a mean reduction rate of
62%. With a confidence interval of 12% to 100%, it was very similar to the reduction observed
in the control units. Treatment B’s effect on gram positive bacteria was similar to the results on
broad spectrum organisms with a mean reduction of 99.99% and a 90% confidence interval of
99.98% to 100.00%.

12 Cochran 1977, pg. 150.
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Fungal growths showed virtually no change in the control units, increasing on average 6.5%
over the study period. As Figure 17 shows, both groups A and B produced reductions vastly
different from this mean. Treatment A reduced the mean fungal levels by 72% with a 90%
confidence interval of 61% to 82%. Treatment B reduced the mean fungal levels in its units by
99.7%, with a 90% confidence interval of 99.2% to 100%.
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Figure 17: Mean and 90% Confidence Intervals of the = Percent Reduction in CFUs

The study team performed a second analysis on the microbial data since there were four study
groups that had very high levels of contamination and were considered to be outliers. These
study groups had at least one coil with greater than 1 million CFUs in each of the tests. These
four groups were removed from each of the analyses. The results of this second analysis are
presented below in Figure 18.

By dropping the outliers from the analysis, it is apparent that the means for the control units in
Figure 17 were dominated by outliers since the mean reductions for the controls are too
negative to be displayed within the reduction range shown in Figure 18. By dropping the
outliers, the controls no longer show a reasonable reduction in microbes for bacteria or fungi.
The graph also shows that groups A and B both maintain a similar reduction in microbes with no
outliers, indicating that the effect is stable across the high and low contaminated units. This
very important finding suggests that the two treatm ents are notably reducing the levels
of microbial growth on the evaporator coils.

The percentage reduction in the number of CFUs for both of the treatment groups was larger for
broad spectrum bacteria. Group A had a 92% reduction in the number of broad spectrum CFUs
with a 90% confidence interval of 82% to 100%. On the group B units, there was virtually no
observable post-UVC broad spectrum bacteria growth, resulting in a mean reduction of 99.98%,
and a 90% confidence interval of 99.96% to 99.99%.
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The study team acknowledges that a more robust sampling plan would have been more
desirable to substantiate the findings in this study. Particularly, when looking at any particular
area of a cooling coil, the degree of microbial growth varies. Therefore, multiple sample
locations would have been desirable in order to compute an average level of contamination for
each coil. This topic and other suggestions for future research are discussed in the final chapter
of this report.

Since this report is not intended to be a clinical study of fungi and bacteria, explanation of the
health implications beyond our summary statements and our statistical findings are not provided
in this report. If the reader requires a deeper comprehension of the fungi and bacteria noted in
this study, it is suggested that other references be explored. A recent publication is one
produced by the Institute Of Medicine of The National Academies titled, “Damp Indoor Spaces
and Health”. It includes useful and pertinent information about mold, the health effects of
particular species, environments conducive to growth, to name a few topics.
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6. Engineering Analysis

The evaluation plan was a comparative study of a test sample and an identical control group.
The test sample consisted of air conditioning units with UVC lamps installed for evaporator coil
disinfection. The control group consisted of identical units serving a similar load.

In order to optimize data quality, RLW utilized well-qualified in-house staff to perform all field
work. Since in-situ evaluation of air conditioner efficiency can be easily compromised with
careless data collection, field staff members were informed about the importance of taking
careful and patient measurements. All instrumentation was calibrated before use in the field
and any problems or anomalies with instrumentation were reported to project management
immediately.

Quialification Procedure

All participating air conditioning units were qualified with a preliminary operational assessment
prior to any UVC lamp installation. The operational assessment began with an initial visual
inspection to make certain the units were in proper working order. If no problems were visually
apparent, a test of operating performance was made with a Honeywell Service Assistant tool.
This tool measured operating pressures and temperatures and, along with other basic
compressor inputs, determined diagnosis-level refrigerant charge, airflow, coil condition and
various other malfunction indicators.

Units that were diagnosed with low-side or high-side heat transfer problems, incorrect
condenser fan speed, or incorrect evaporator fan speed were excluded from the study. If the
necessary maintenance required was adding or recovering a small amount of refrigerant charge
from the system, then school district maintenance staff adjusted the refrigerant charge to the
proper level.

At each school site, the goal was that a representative number of RTUs and wall mounted units
underwent acceptance testing. Unfortunately, District 1 maintenance staff had concerns over
UVC lamp installation on portable classroom wall mounted units, therefore only RTUs were
tested for qualification in that district. In District 2, a representative number of wall mounted
units were tested, but there were not three qualifying units at any one school location. Those
units predominantly were diagnosed as having low-side heat transfer problems; specifically the
units had low superheat™. About half of the qualifying units in District 3 were wall mounted
units, which was representative of schools in the district.

After qualifying roughly 70 units, the three-unit study subgroups were selected based on
location, model number, and the grade level of the classroom served. Typically the study
subgroup RTUs were located on the same roof. The qualifying wall mounted units in study
groups District 3 served classrooms located within the campuses.

Field Measurements

The units ultimately selected for participation in the study were subjected to extensive
measurements to evaluate air conditioning system efficiencies. These measurements were
used to quantify pressure drop across the evaporator coil, cooling capacity and instantaneous
operating efficiency. To evaluate the field operating efficiency and capacity of a direct

3 Superheat is the term used to describe the difference between the vapor point (ie. temperature at which
the refrigerant evaporates at a given pressure) and the actual temperature of the refrigerant exiting the
evaporator coil.
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expansion (DX) cooling system with good precision, careful measurements were taken using
high quality calibrated instruments during steady state operation of the system.

RLW was in close contact with each of the facility managers for all participating schools and
repeatedly communicated the importance of not performing any maintenance on the units
during the study period. RLW left stickers on the units to reinforce this message. The stickers
asked for anyone to contact RLW prior to making any system changes or adjustments. As a
result, no maintenance on the units was performed during the study period.

The air filters for each unit were changed prior to the initial test and then changed once again,
prior to the second test. The type, make, and model number were recorded for each filter. The
filter change assured that there was no incidental biological contribution from material that might
have accumulated on old filters. Furthermore, use of new filters for pre and post airflow
measurements insured that no change in airflow could be attributed to filter loading.

For the efficiency analysis, instantaneous temperature and pressure data were captured with a
Honeywell Service Assistant. This system was a refrigerant manifold gauge set and a
temperature sensor array connected to a handheld computer.. Once each unit had attained
steady state operation, readings were taken to capture the following measurements at the
specified once per minute sample rate

Outside dry bulb temperature
Refrigerant liquid line temperature
Refrigerant discharge line pressure
Refrigerant suction line temperature
Refrigerant suction line pressure
Compressor discharge line temperature
Condenser discharge air temperature

Refrigerant tube surface mounting sensors were placed on the suction and liquid lines, covered
with flexible refrigerant line insulation, and held firmly in place with straps.

Supply and return air properties were determined using Fluke digital thermometers with Type J
and Type K thermocouples. Air temperature sensors were placed in or near the center of the
airstreams at points where the air was well mixed.

Inside (return air) dry bulb temperature
Inside (return air) wet bulb temperature
Supply air dry bulb temperature
Supply air wet bulb temperature

Concurrent power measurements were made with a Fluke 39 or Powersight 3000 power meter.
Additionally, RLW technicians recorded unit nameplate data to obtain system manufacturer,
model number, rated capacity, economizer type, running load and full load amps, voltages and
power phases, motor horsepower for the condenser and evaporator fans, and any other
potentially useful information that may have been listed.

When the unit reached steady state, as determined by non-changing temperature readings
(normally about 10-15 minutes), the Honeywell Service Assistant was used to take
simultaneous temperature and pressure readings. During data logging, the Service Assistant
software continuously checks for erroneous readings from the air conditioning system. If
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unreasonable values are detected, the Service Assistant provided the prompt: INCONSISTENT
DATA and directs the technician to check all sensor locations, surface contact, etc. The data
logging session concluded only after the Service Assistant verified that all data was within
reasonable parameters.

Five readings were taken and recorded over a period of five minutes. The final unit efficiencies
were calculated with temperatures and pressures averaged over these readings. Using values
averaged over several minutes improves accuracy as error resulting from temperature and
pressure fluctuations and variations in instrumentation time constants average out.

In a separate test, the volumetric flow rate of air through the unit in cubic feet per minute (CFM)
was measured with a TrueFlow® Air Handler Flow Meter manufactured by the Energy
Conservatory.

After the initial efficiency assessment was performed on the units, on/off event motor loggers
were installed to collect run time data for the duration of the study period. These loggers
guantified run-time of the units in cooling mode, fan plus compressor. RLW calibrated the
sensitivity of the loggers and used two for each compressor for redundancy.

After the end of the study, field staff returned to re-test the operating efficiency and capacity of
the units. The units underwent the same set of measurements as were taken during the first
visit. The data loggers were removed and the data downloaded for further analysis.

Energy Efficiency Calculation Methodology

To determine instantaneous system efficiency, power measurements were combined with two
measures of operating cooling capacity: a condenser energy balance and an evaporator energy
balance. The instantaneous energy efficiency ratio (EER) at a given set of conditions, ambient
dry bulb temperature and evaporator entering wet bulb temperature, was calculated using the
following equations. In the following equations, mis the mass flow rate of the working fluid, P is
the instantaneous electric power draw of the unit, and h is the enthalpy of the fluid at the inlet
and exit conditions.

EER = Cooling DeliveredkBtu) g '
o = PowerConsume¢kW) P Equation 1 (A)

m(h - h,
EER :%

Equation 1 (B)

The measured power, P, in the above equations was applied to both energy balances to
determine the instantaneous EER. The two energy balances were compared in the field and
compared to nameplate rated efficiency.

Condenser Energy Balance

The energy balance across the condenser gives a measure of cooling capacity. The mass flow
rate mis found from the following equation:

m=V r Equation 2
Where,

V = volumetric from rate of the compressor from manufacturer specifications

RLW Analytics, Inc. Page 35



California Energy Commission

Effectiveness of UVC Light for Improving School Performance June 30, 2006

r = density of the refrigerant as determined by suction temperature and pressure

The refrigerant for all air conditioning units in the study was R-22. For a given compressor the
mass flow rate was constant at steady state operation. The temperature and pressure of the
refrigerant determined enthalpy of the refrigerant entering and leaving the condenser.

The capacity was determined from an energy balance across the condenser. In this case the
variables in Equation 1 (B) were,

hi is the enthalpy of the refrigerant entering the condenser

he is the enthalpy of the refrigerant exiting the condenser

Evaporator Energy Balance

The evaporator energy balance evaluates the cooling capacity of the units considered by
measuring the flow rate and enthalpy of the air across the evaporator coil. Determining capacity
from psychometric properties and airflow was undertaken as a backup to measuring refrigerant
cycle properties. A lack of precision in determining wet-bulb temperature made this method less
desirable than the method above. The volumetric airflow rate was measured along with dry bulb
and wet bulb temperature directly upstream and downstream of the evaporator coil. Given a dry
bulb and wet bulb temperature and measurements the density and enthalpy were determined
from psychrometric relationships.

V is volumetric flow rate (cubic feet per minute) of the air, as measured by the TrueFlow® Air
Handler Flow Meter

I is the density of the air entering the evaporator, determined from the air temperature
measurements

The capacity was determined from an energy balance across the evaporator. In this case the
variables in Equation 2 (B) were:

hi is the enthalpy of the air entering the evaporator

h o Is the enthalpy of the air exiting the evaporator

Normalization

The in-situ measured efficiency of the units were then normalized to standard Air-conditioning
and Refrigeration Institute (ARI) conditions, 95 F ambient (condenser entering) dry bulb
temperature and 67 F evaporator entering wet bulb temperature. The manufacturer compressor
efficiency curves were obtained and utilized for normalization of most of the systems. The
remaining units, all over twenty years old and without detailed efficiency data available, were
normalized using standardized unit efficiency curves that are used for the DOE2 simulation
software.

Efficiency Impacts

The primary goal for the energy efficiency analysis was to evaluate the change in instantaneous
system efficiency, if any, before and after UVC treatment. As a result of our engineering
measurements, we were able to quantify any efficiency changes that occurred as a result of the
treatments being applied to the HVAC units.
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Airflow Analysis

The primary mechanism of efficiency improvement claims from UVC treatment is based upon
increased airflow through the unit. Therefore, analysis of airflow measurements should
determine if this effect is taking place. The results of the airflow measurements are shown
below. Of the 54 units in the study, no data were available for seven of the units. One study
group of wall mounted units were configured such that airflow measurement with a Trueflow
meter was impossible. One unit had failed during the study period and three units had
measurements that were well outside the reasonability range.

N [Test Group % Change | Error Bound

15|Control Group -0.47% 3.70%
16]A 0.92% 2.05%
16|B 1.79% 3.28%

Table 6: Summary of Air Flow Data (CFM)

The control units in the study showed less than one percent change in airflow, which was the
expected result for that group. Group A units showed an improved airflow by nearly one percent
and group B showed a two percent improvement. All results were within the TrueFlow® Air
Handler Flow Meter’s instrument error of plus or minus seven percent, Figure 19.
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Figure 19: Mean and 90% Confidence Intervals of the = Change in Measured Airflow

For this study, UVC impact on system airflow is not statistically significant as the error bounds
encompass zero for all groups. Laboratory or further field tests with a larger sample may be
able to produce statistically significant results.
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Efficiency Analysis

The in-situ measured efficiency of the units were normalized to standard Air-conditioning and
Refrigeration Institute (ARI) conditions, 95 F ambient (condenser entering) dry bulb temperature
and 67 F evaporator entering wet bulb temperature, as described above. Comparison of pre-
installation and post-installation normalized operating efficiencies were the determining factor in
evaluating the energy efficiency claims due to UVC treated evaporator coils. The pre and post
efficiencies of the treated units were compared with the pre and post efficiencies of the control
units to eliminate any other factors that may have produced efficiency changes across the
cooling season. The energy burden to run the UVC fixtures was accounted for in the efficiency
calculations.

The manufacturers also attributed improved efficiency to improved coil to air heat transfer due to
the reduction of microbial growth insulating the surface of the coil. The expected result of the
efficiency analysis was that group A and B units would show improvements in efficiency and
control units would show no change.

N % Change Error Bound
Control 17 -1.62% 5.56%
A 17 -4.16% 4.16%
B 16 2.30% 7.80%

Table 7: Summary of Efficiency Data

As with the airflow analysis, the study did not show statistically significant change in
instantaneous operating efficiency. Figure 20 shows a graphical representation of these results.
These results represent 50 units that had adequate pre and post data. The condenser energy
balance was used in all cases where the refrigerant data were available. Failure of two of the
Service Assistant handheld computers necessitated the use of the evaporator energy balance
for 17 of the units. This affected all of the units at one school and 2 study groups at a different
school.
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Figure 20: Change in Unit Efficiency (Mean and 90%
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The condenser energy balance provided more consistent and more reasonable results than the
evaporator balance. The evaporator balance usage of airflow measurement and two wet bulb
temperatures results in a greater propagation of experimental measurement error than the
condenser balance. For this reason, the study team used the condenser balance efficiency in
all cases where the data were available.

The following results show the efficiency results for the subset of units where data for condenser
energy balance was used to calculate system efficiency. This subset of units excludes the air
conditioners where DOE-2 curves were used for normalization.

The results of the condenser energy balance are presented below in Table 8 and Figure 21.
Note that even with a smaller sample size, the error bounds for the condenser energy balance
are smaller than those of the entire study groups.

N % Change Error Bound
Control 11 -3.22% 3.48%
A 11 -2.94% 3.27%
B 11 -0.29% 3.89%

Table 8: Summary of Efficiency Data — Condenser Ene  rgy Balance Only
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In summary, there were no statistically significant impacts on efficiency and no distinguishable
trend. One possible source of bias could be much lower ambient temperatures during the
follow-up test and subsequently a greater reliance upon the normalization adjustment. In
particular, the pre-installation visits were much closer to ARI standard conditions than the post
installation visit. The efficiency findings were very similar to the results presented if the UVC

lamp energy was excluded from the analysis.
efficiency measurements.

This is due to the sizeable error around the
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7. Attendance Analysis

The objective of this section is to assess the association between the use of UVC lights and the
change in the average daily attendance data collected from nine California elementary schools
between July and November 2005. Manufacturers of UVC systems have claimed that their
systems clean the air as it passes by the UVC lamps by eliminating odors, killing bacteria and
viruses, and improving air quality. Certain airborne contaminants can cause widespread
discomfort and health problems, leading to absenteeism from school and work, resulting in
reduced productivity. Healthy and productive indoor environments can also save billions of
dollars in health care costs, lost work time, overall input and possible litigation.

The health of a student is directly related to their attendance in school. In order to measure if
there is a direct link between the use of UVC lights and the attendance of the students, UVC
lamps were installed in the classrooms in July and August of 2005. The data contains
attendance records of students before and after the installation of the lights. The data also
contains attendance records of students in other untreated classrooms (control groups) that did
not have any UVC installed in the same time period. Corresponding to every UVC installed
classroom, there was a pre-selected classroom from the control group that was used for direct
comparison. Our ultimate goal was to compare the change in the attendance rates of the
students, between the pre and the post installation periods, between the UVC installed
classrooms and the control groups.

Methodology of the Test

In this section, we compare the attendance of students in similar classrooms with and without
UVC systems. A paired t-test was used for this comparison. The average change in the pre
and the post period attendance rates of the students in the UVC installed classrooms was first
observed. The average change was then calculated for classrooms from the control group.
Ultimately the change (from pre to post) in the attendance rates between the two sets of
classrooms was observed.

A paired t-test was used to conclude whether the change in the attendance rates between the
two groups was significant. The data satisfies the underlying conditions of the paired t test. The
main assumptions are as follows:

The pairing was a part of the experimental design, and not something that was done
after collecting the data. For every classroom where system A or B was installed, the
attendance data from a comparable classroom where no UVC products were installed
was obtained. The classrooms were chosen and matched carefully so that the compared
classrooms are similar (i.e. same grade, location, school, etc.)

The pairs are independent — whatever factor caused the difference between the paired
values to be too high or too low affects only that pair.

The paired t test assumes that we have sampled our pairs of values from a population of
pairs where the difference between pairs follows a normal distribution. This assumption
is not violated in our analysis. A pair of samples, even when each is not from a normal
distribution, often yields differences that are normally distributed.

Paired t-test: The paired t test provides a hypothesis test of the difference between population
means for a pair of random samples whose differences are approximately normally distributed.
It could be noted that a pair of samples, each of which is not from a normal distribution, often
yields differences that are normally distributed.
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Let Au and Ac denote the true average change in the attendance rates of the population
of the UVC installed classrooms and the classrooms in the control group respectively.
Also, let Ad = Au — Ac. Then our null hypothesis in this analysis is:

Ho: Ad=0
versus our alternative
Hi: Ad 0.

We chose to obtain our results at 10% level of significance.

The test statistic is calculated as:

d

vs?/n

t=

where d bar is the mean difference, s2 is the sample variance, n is the sample size and t
is a Student t quantile with n-1 degrees of freedom. In other words, when the sampled
population is normally distributed, the test statistic is Student t distributed with (n-1)
degrees of freedom. The t distribution is mount shaped, and symmetrical around zero.
The degrees of freedom is a function of the sample size, and it determines how spread
the distribution is compared to the normal distribution.

The sample variance is calculated by using the following formula:
n di’-( di?
2 _  i=l i=1

- n(n- 1)

We reject the null hypothesis if [t| <t (.05, n-1) at 90% confidence level.

Since n=10 and 16 respectively for our tests (see sub-section “Results”), the critical values for
the test statistic are the 5™ and 95" percentiles of the Student t distribution with 9 and 15
degrees of freedom respectively. As can be checked from the table on Student t distribution,
the appropriate decision rule for the paired t-test is to reject the null hypothesis if the test
statistic is >=1.833 (or, 1.753, when n=16) or =< -1.833 (or -1.753, when n=16) when n=10.
More details on the computation can be found in the Results subsection.

Description of the Data

The attendance data were obtained from all nine schools in the UVC study. These nine schools
are from three school districts. Table 9 provides summary statistics of the number of classrooms
that were initially selected for this study. As can be seen from the table, there were 36
classrooms that had UVC systems installed (A and B). There were 18 classrooms in the study
from the control group. Sufficient attendance data were not available for some classrooms —
these classrooms were excluded from our analysis.

RLW Analytics, Inc. Page 42



California Energy Commission

Effectiveness of UVC Light for Improving School Performance

June 30, 2006

Total Number of Number of Classrooms

District Classrooms used in the Analysis
Id Location School id |Control A B Control A B
A Northern 1 5 5 5 5 5 5
Central Valley 2 2 2 2 1 1 0
3 1 1 1 1 1 1
B Inland Empire 4 2 2 2 2 2 2
5 1 1 1 1 1 1
6 1 1 1 1 0 1
c Southern 7 2 2 2 2 0 2
Coastal 8 2 2 2 2 0 2
9 2 2 2 2 0 2
Total 18 18 18 17 10 16

Table 9: Number of Classrooms in each School

Table 10 provides a list of all classrooms, the number of students in each class, the associated
UVC start date, and the number of days before and after startup for which attendance data is
available. The number of students in the classrooms ranged from 15 to 35 and we had a
minimum of 5 days worth of data in the pre period for it to be included in the analysis. We
ensured that the rooms did not change classes during the study period.

As can be seen from Table 10, there are 8 classrooms for which we received attendance data
for 4 or fewer days before startup. In addition, there were two classrooms (Music room and
Special Ed Pull-out) in District C where attendance was not taken. These 10 classrooms were in
group A and were not included in our analysis.
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Number of | Number of
District | School Days Before | Days After
Id Id Classroom Number of Students UVC Start Day Startup Startup Included In The Analysis?
A 1 1 22 20 34 Yes
A 1 2 20 08/11/2005 20 33 Yes
A 1 3 30 08/11/2005 23 35 Yes
A 1 4 19 23 35 Yes
A 1 5 20 08/11/2005 20 33 Yes
A 1 6 20 08/11/2005 20 33 Yes
A 1 7 13 20 13 Yes
A 1 8 15 08/11/2005 20 13 Yes
A 1 9 18 08/11/2005 20 33 Yes
A 1 10 20 20 13 Yes
A 1 11 20 08/11/2005 20 13 Yes
A 1 12 14 08/11/2005 20 13 Yes
A 1 13 20 25 13 Yes
A 1 14 25 08/10/2005 20 13 Yes
A 1 15 17 08/11/2005 20 13 Yes
A 2 16 21 20 33 Yes
A 2 17 13 08/11/2005 20 34 Yes
A 2 18 19 08/11/2005 3 55 No, too few observations in the PRE period
A 2 19 20 0 33 No, no observation in the PRE period
A 2 20 17 08/11/2005 20 34 Yes
A 2 21 15 08/11/2005 20 33 Yes
B 3 22 23 22 53 Yes
B 3 23 22 08/08/2005 22 54 Yes
B 3 24 33 08/08/2005 22 54 Yes
B 4 25 34 24 52 Yes
B 4 26 28 08/09/2005 23 71 Yes
B 4 27 30 08/11/2005 25 17 Yes
B 4 28 25 25 32 Yes
B 4 29 33 08/08/2005 22 39 Yes
B 4 30 21 08/112005 25 36 Yes
B 5 31 29 24 37 Yes
B 5 32 22 08/08/2005 17 5 Yes
B 5 33 22 08/11/2005 25 31 Yes
C 6 34 20 6 61 Yes
C 6 35 19 08/16/2005 1 66 No, too few observations in the PRE period
C 6 36 20 08/24/2005 7 60 Yes
C 7 37 19 6 61 Yes
C 7 38 Data Not Available 08/16/2005 -- - No, MUSIC ROOM, no attendance taken
C 7 39 18 08/24/2005 7 60 Yes
C 7 40 20 6 61 Yes
C 7 41 30 08/16/2005 1 66 No, too few observations in the PRE period
C 7 42 28 08/24/2005 7 60 Yes
C 8 43 19 5 62 Yes
C 8 44 20 08/16/2005 1 66 No, too few observations in the PRE period
C 8 45 20 08/23/2005 6 61 Yes
C 8 46 19 5 62 Yes
C 8 47 20 08/16/2005 1 66 No, too few observations in the PRE period
C 8 48 20 08/23/2005 6 61 Yes
C 9 49 31 9 58 Yes
C 9 50 Data Not Available 08/16/2005 -- -- No, Special Ed Pull-Out, no attendance taken
C 9 51 18 08/26/2005 9 58 No, too few observations in the PRE period
C 9 52 18 8 59 Yes
C 9 53 19 08/16/2005 2 65 No, too few observations in the PRE period
C 9 54 19 08/26/2005 10 57 Yes
Table 10: Number of Days Before and After UVC Start  up
Results

The average attendance rate for each classroom in the pre and the post period and the
associated change between the two periods is summarized in the following two tables. We
performed the paired t-test twice: first, treatment group A classrooms were compared to the
control group, and second, the same was done for treatment group B. Table 11 presents the
statistics for treatment group A, and Table 12 for treatment group B.
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If our null hypothesis is true, we should expect to see a higher attendance rate in the post period
compared to the pre period. In other words, we should expect to see negative values in the
‘Change’ columns of Table 11 and Table 12.

An example of how the test statistic for treatment group A was calculated as follows. Data from
column di in Table 11 was used to compute the average value of d (d bar). This is the average
of the 10 values presented in the column di, and was computed as -1.42. The value of n used in
this test was 10 — as there are 10 sets of comparisons between classrooms that are presented
in Table 11. The sample variance was calculated as:

n di?-( di?
o2 = i i=1 , or 2= 10* (8285) - (- 1422)?

=695
n(n- 1 10@10- 3

The absolute value of the test statistic is therefore:

_4d | or (2| 142
[695
10

The value of the test statistic is strictly less than the critical value. The critical value of t with 9
degrees of freedom using a 10% significance level is 1.833. We therefore fail to reject our null
hypothesis for group A that the change in the attendance rates is equal between the UVC
installed classrooms and the classrooms in the control group.

-1.70| < t, = 1.833

o UVC Installed Group Control Group di:
P s(:r(;)m ADA-PRE | ADA-POST | Change 1| ADA-PRE | ADA- POST | Change 2 | Change 1- | disquared
Period Period Post-Pre Period Period Post-Pre Change 2

97.87 96.52 -1.35 95.41 98.07 2.67 -4.02 16.14

98.58 98.18 -0.40 98.82 98.40 -0.42 0.02 0.00

A 1 96.94 95.38 -1.55 92.92 98.82 5.90 -7.45 55.56

97.22 96.86 -0.36 98.45 96.15 -2.29 1.93 3.73

98.60 96.31 -2.29 97.49 96.15 -1.33 -0.96 0.92

2 97.86 94.11 -3.75 99.44 95.84 -3.60 -0.15 0.02

3 96.60 95.56 -1.03 97.22 97.77 0.55 -1.58 251

B 4 97.44 97.43 -0.01 98.05 97.40 -0.65 0.64 0.41

96.66 96.22 -0.43 96.70 97.48 0.78 -1.22 1.49

5 97.66 97.78 0.12 95.74 97.29 1.55 -1.44 2.07

ALL - Average 97.54 96.44 -1.11 97.02 97.34 0.32 -1.42 8.29

Table 11: Average Attendance Rates in the Pre and P ost Periods — Treatment Group A

The test statistic for treatment group B can be similarly computed. The test statistic computed
for treatment group B is 0.53, which is strictly less than the critical value of 1.753 for this test
with 15 degrees of freedom. We therefore fail to reject our null hypothesis.

Our results show that for both treatment groups A and B, the difference in the change in the
attendance rates (between the pre and the post period) between the UVC installed classrooms
and the classrooms in the control group is insignificant. In other words, we did not identify a
notable difference in the change in the attendance rates between the UVC installed classrooms
and the classrooms in the control group.
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pistrict | school UVC Installed Group Control Group di: di
d d ADA —_PRE ADA - _POST Change 1: | ADA —‘PRE ADA - .POST Change 2: ] Change 1 - squared
Period Period Post-Pre Period Period Post-Pre Change 2
95.99 96.56 0.56 95.41 98.07 2.67 -2.10 4.43
97.26 97.58 0.32 98.82 98.40 -0.42 0.74 0.54
A 1 97.55 98.15 0.59 92.92 98.82 5.90 -5.31 28.15
97.06 95.60 -1.45 98.45 96.15 -2.29 0.84 0.70
95.07 97.29 2.22 97.49 96.15 -1.33 3.55 12.61
3 95.31 97.19 1.87 97.22 97.77 0.55 1.32 1.75
B 4 96.13 96.86 0.73 98.05 97.40 -0.65 1.38 1.91
96.92 95.63 -1.29 96.70 97.48 0.78 -2.08 4.31
5 96.96 97.07 0.11 95.74 97.29 1.55 -1.44 2.08
6 98.48 98.05 -0.43 99.24 97.28 -1.96 1.53 2.33
7 99.21 97.01 -2.19 100.00 97.37 -2.63 0.44 0.19
99.49 97.94 -1.55 97.78 95.50 -2.28 0.72 0.53
C 8 99.17 96.31 -2.86 99.15 95.66 -3.49 0.63 0.40
99.13 96.10 -3.03 99.17 96.28 -2.88 -0.14 0.02
9 98.04 95.23 -2.81 96.23 97.83 1.61 -4.41 19.46
98.25 97.12 -1.13 96.99 96.39 -0.60 -0.53 0.28
ALL - Average 97.50 96.86 -0.65 97.46 97.12 -0.34 -0.30 4.98

Table 12: Average Attendance Rates in the Pre and P ost Periods — Treatment Group B

Conclusion

The timing of the study was a challenge for the team since most schools are not in session
during the warmest months of the year. The engineering measurements could only be
performed during the cooling season, yet this time period does not coincide with the typical
school schedule. The team included year round schools in the study to ensure that the schools
would be in session during the warmer months; however these districts still had month long
breaks in their schedules during the summer and fall. These breaks required the team to time
the UVC installations and the engineering measurements to ensure that sufficient ADA data
could be gathered for the pre UVC period. The team had a small window of opportunity to
schedule the UVC installations and perform the engineering measurements in order to ensure
that the ADA data could be gathered. In most cases, the tests were performed in a period that
allowed for sufficient ADA data to be gathered, but the ADA analysis could have been improved
with additional ADA data in the pre and post periods.

Attendance is a function of many factors that likely added variability to the analysis — students
can have excused and non-excused absences due to illnesses of family members, religious
holidays, required court appearances, public functions and conferences, or dentist
appointments. On the whole, the average attendance rates of the students were found to be
quite high in both the pre and the post installation periods — in the high nineties. As can be seen
from the ‘di’ columns in Table 11 and Table 12, the difference in ADA between the UVC
installed classrooms and the control groups was not much.
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8. Teacher and Classroom Observations

The best people to observe air quality conditions in a building are the occupants. For this
reason, the teachers were asked pre and post UVC installation questions to gather anecdotal
evidence of any changes in IEQ. This chapter summarizes the teacher comments as well as
the classroom observations from field staff.

Teacher Questionnaire

The field surveyors administered the teacher survey questions at the time of the pre-UVC
installation test visit during August. The teachers answered several questions about the
performance of their air conditioner. As seen in Table 13, almost 33% of the teachers rated the
ability of their air conditioner to maintain the desired temperature as “good” while 28% of the
teachers rated the unit’'s performance as “poor”. The teachers gave higher ratings when asked
about the air conditioner’s power, 61% rated the system as “good”, 29% “fair”, and around 10%
“poor”. Over half of the surveyed teachers (51%) rated the overall comfort level of their rooms
as “fair”, 35% of the teachers gave their units a “good” rating and 14% rated overall comfort as
poor. In summary, teachers rate their AC’s ability to maintain the desired temperature the
lowest.

Teacher's Air Conditioner Rating Good Fair Poor
Ability to maintain desired temperature 32.6% 39.5% 27.9%
Air conditioning power 61.0% 29.3% 9.8%
Overall comfort level 34.9% 51.2% 14.0%

Table 13: Teacher Evaluation of their Air Condition  ing Systems

The teachers chose the top three most important indoor air quality issues that applied to their
classroom. Each of the responses along with the percentage of teachers who stated each
response is shown below in Table 14. The most commonly mentioned concerns were the
temperature of the classroom, stuffy classrooms, and control of the thermostat settings. All
three of these concerns relate to climate control issues in the classroom, reinforcing the finding
displayed in the previous table.
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Pressing Air Quality Concerns Percentage
Too Hot or Cold in Classroom 62.8%
Stuffy Classroom 60.5%
Control of Thermostat Settings 34.9%
Allergies 14.0%
Air Filtration 14.0%
Outside Pollution 9.3%
Noxious Odors in Classrooms 9.3%
Mold in AC System 9.3%
Asthma or Other Respiratory Attacks 9.3%
Complaints Regarding Respiratory Irritation 7.0%
Complaints of lliness Due to Stale Air 7.0%
Outdoor Air Ventilation Rate in Classrooms 4.7%
Mold 4.7%
Drafty Classroom 4.7%
Conflicting Occupant Demands 4.7%
Untrained Maintenence Staff 2.3%

Table 14: Teacher Air Quality Concerns

The teachers then responded to our question regarding who has access to and adjusts the
room’s thermostat. It is interesting to note in Table 15 that while 60% of teachers respond that
they have access and adjust the thermostat, approximately 63% responded previously that the
room is either too hot or too cold. This may suggest that additional training on thermostat use or
better thermostat locations or controls may be necessary.

Who Has Access and Adjusts the
Percentage
Thermostat

| Can Adjust It 60.5%
Both Myself and students Adjust It 0.0%
It is Kept Locked 30.2%
It Does Not Work 2.3%
Don't Know 7.0%

Table 15: Thermostat Control

Another survey item asked about certain conditions that may indicate the presence of indoor air
guality issues. Table 16 shows the percentage of teachers who observed each of the
conditions. Teachers noticed mold in less than 14% of classrooms at some point in the past 6
months, while water stains were more commonly observed in over 37% of classrooms.
Airborne debris was noticed in roughly 17% of classrooms in the past six months. Leaky roofs
and flooding were uncommon.
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Teacher Indoor Obersevations Percentage
0,
Evidence In the past month 4.8%
of Mold 1 to 6 months ago 9.5%
Not in the past 6 months 85.7%
0,
Water In the past month 20.9%
Stains 1 to 6 months ago 16.3%
Not in the past 6 months 62.8%
0,
Leaky In the past month 0.0f)
RooOf 1 to 6 months ago 9.5%
Not in the past 6 months 90.5%
In the past month 0.0%
Flooding |1 to 6 months ago 0.0%
Not in the past 6 months 100.0%
0,
Airborne In the past month 12.5%
Debris 1 to 6 months ago 5.0%
Not in the past 6 months 82.5%

Table 16: Teacher Observations

Figure 22 presents the percentage of responses given when teachers were asked to classify
their use of windows and doors for natural ventilation. Over 70% of the teachers rarely or never
open their windows for natural ventilation while 35% of the teachers rarely open their doors for
ventilation. This indicates that in many classrooms the majority of the indoor ventilation is
provided by the air conditioners (whose cooling coils were found to support bacteria and
fungus). Teachers could be encouraged to open windows for natural ventilation or the AC units
could be occasionally checked to ensure that outside air damper is positioned properly for the
correct outdoor air percentage.

Opened for Natural Ventilation
40%

3506 11 O Windows | |

B Doors

30% +—

25% ~

20% ~

15% -

10% +—

5% +—

0% \
None Operable Rarely Occasionally  Most ofthe time  All of the time

Figure 22: Natural Ventilation Habits

Post-Installation Teacher Questionnaire

After the installation of the UVC units the teachers were contacted again to obtain any additional
anecdotes. Fifteen teachers responded to the post-installation surveys. Of the teachers who
responded, 8 were in the control group and 7 received UVC disinfection systems.
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Thirteen of the 15 teachers said the room did cool more quickly. One teacher stated “It feels
like the air cools quicker, in a matter of seconds it gets cold in here”.

Teachers were also asked if they felt their rooms were less stuffy. The response rate for this
guestion was the same as the first question. Thirteen respondents (87%) said the room
seemed to be less stuffy. When pressed for responses we got statements similar to the
following: “In the past | constantly turned the air on and off, now it seems it takes a little longer
before it gets stuffy in here”.

In regards to attendance, the responses were not as clear. Forty-seven percent of respondents
said attendance had improved, 33% said it had not improved, and 20% said they did not know if
there was a change. None of the teachers were able to confirm a correlation between the units
and attendance. In fact many teachers had new groups of students by the time the post-
installation surveys were administered which made it tough to see changes in student health.
Teachers in one district said they were in the middle of a “district wide push on attendance”.
However, in comparing the responses from teachers in the UVC group versus those in the
control group we see that the teachers in UVC treated rooms reported an improvement in
attendance (5/7) while the control group stated their attendance had not improved (4/6).

Sixty percent of the teachers asked about the prevalence of air quality issues stated that there
were less air quality related illnesses than before. One teacher made the statement “students
that have air quality related illnesses seem to be less affected by them” while another said
“There are fewer kids with asthma than in last year's class”. Twenty-seven percent of teachers
said that there was no improvement. Thirteen percent of the teachers said they couldn’t tell any
difference in air quality illnesses.

When asked if illnesses have decreased there was an even split of yes and no responses.
Seven teachers said yes, seven said no, and one said don’t know. The majority of the yes
responses came from UVC teachers while only one teacher in the control group noted a
decrease in illness. The majority of the control group teachers did not find a decrease in
illnesses.

The responses to questions about using the AC less and opening doors and windows more than
two months prior was split; 7 yes, 7 no, and 1 don’t know. The responses were evenly split
among UVC and control groups. Four of the teachers commented that it was district policy to
keep doors and windows closed, possibly to conserve energy.

None of the teachers reported any new staining or mold growth. One teacher stated she had
smelled moldy smells in the past but they were gone now. She was in the UVC group but the
information can only be treated as anecdotal when talking about such small sample sizes.

RLW Classroom Observations

The RLW survey team also conducted short surveys on classroom characteristics during their

site visits. They found that the classroom floor area ranged from 870 to 1140 square feet, with
an average of 904 square feet. There was an average of 10.6 windows per classroom, with an
average of 3.9 of those windows being operable. Nine of the 54 classrooms were found to be

without a single operable window.

All classrooms were carpeted (carpet is known to be a contaminant reservoir), and the majority
had a small portion of the floor covered by sheet vinyl as well. In terms of cleanliness, 41 of 54
floors were classified as “good”, while 13 were classified as “fair”, of which 11 were stained. All
had drop ceilings; 35 of 54 were considered to be in “good” shape, while the other 19 were
“fair’. Eleven of the classrooms had ceiling tiles with evidence of water leakage. All rooms had
a sink, and all but one room had a drinking fountain inside as well. Forty-two rooms had floor
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mats near the exterior door, while 12 rooms lacked the mats. Door mats should be installed in
every room to reduce foot contaminants in carpets.

Surveyors were instructed to note any unusual odors; 17 of the 54 rooms were found to have
smells including perfume, stale air, pet odors, and cleaning agents. Additional sources of
potential indoor air quality issues as observed in each classroom are listed in Table 17.

IAQ Issue Source Percentage
Whiteboard 100.0%
Sink 96.2%
Computer 83.0%
Cleaning Supplies 32.1%
Fan 24.5%
Plants 24.5%
Water Stain 18.9%
Pets 9.4%
Microwave 7.5%
Chalkboard 3.8%
Mold/Mildew 3.8%
Refigerator 1.9%
Copy Machine -

Table 17: Potential Sources of Indoor Air Quality I  ssues

Other Environmental Observations

This section provides anecdotal accounts of environmental observations made in-situ that may
have influenced energy consumption, IEQ, cooling coil surface microbial growth, and/or
attendance. These observations are in no way indicative of the conditions at all of the school
sites, but are meant to show areas where attention could be paid to facilitate additional
improvements to IEQ and energy savings in California K-12 schools.

Area near Air Conditioning Units

The wall-mount units shown in Figure 23 served portable classrooms that were architecturally
designed to resemble traditional classrooms. The conditions in this “alley” were dark and hot,
due to the condensate and heat rejected from the HVAC units along with any water draining
from the roofs. The hot air is being brought into other units by their outside air intakes. The
alley was also blocked on one side in order to maintain consistency in the architectural theme.
This aesthetic wall provides a barrier to the ventilation of the air conditioning units’ condenser
heat rejection.
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Figure 23: Portable "HVAC Alley"

The rooftop units in Figure 24 served traditional “stick built” classrooms. This roof was
particularly dirty compared to other observations. The water pooled on this roof was due to both
light morning precipitation and leaks in HVAC condensate drain piping, which can be seen
leading to the gutter at the edge of the roof.

Figure 24: Dirty and Wet Roof

The roofs in Figure 25 were at one school campus which served fifteen of the air conditioners in
the study. The conditioners were particularly dirty compared to other roofs in the study. The
site is within a relatively new housing development and near other new developments,
agricultural land, an international airport, and a major freeway interchange. The arrow in the
figure on the left shows a “cool roof” which likely had an air leak from an HVAC unit or
classroom plenum.
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Figure 25: Dirty "Cool Roof"
Conditions Near Outside Air Intakes

The observations in Figure 26 are within five feet of the outside air intake for wall mounted units
at two different schools. Both show algae growth in condensate water which drips onto
concrete before reaching designed drains. The unit on the right also has a grassy area near the
unit, which was reported as “always wet” by maintenance and was shaded by the unit, roof
overhang, and other portable classrooms.

Figure 26: Conditions Near Wall mounted Air Intakes

The rooftop units in Figure 27 show the conditions within five feet of the air intake of each unit.
The unit on the left’s air intake directly faces the roof drain, which was observed for all units at
the corners of the classroom building. The observation on the left shows water pooling near the
unit although the source was unknown.
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Figure 27: Conditions Near Rooftop Air Intakes
Conditions of Coil and 6 Week Old Filters

The evaporator coil observed in Figure 28 shows a large amount of dust and dirt build up on the
upstream side of the coil. The condition may have been caused by filter bypass or long term
buildup through low efficiency air filters.

Figure 28: Dirty Evaporator Coil

The filters below, Figure 29, show dark colored dirt and dust buildup on air filters, which was
relatively heavy considering they were used for a six week period.
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Figure 29: Filter Condition After Test Period

The filter in Figure 30 shows the top of the filter loaded with dirt, near the outdoor air intake, and
relatively clean at the bottom, near the return air intake from the classroom. Experts pose that
the dark color of the particulate suggests carbon based air pollution. The school is located near
a major freeway and airport.

Figure 30: Filter Loading From Outdoor Air
Classroom Observations

Some of the most common observations included water stains on classroom ceiling tiles and the
presence of cleaning supplies and other solvents. The policy of the school districts in the study

were to immediately report and change ceiling tiles when stained and no cleaning supplies kept
in classrooms.
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9. Conclusions and Recommendations

The principal purpose of this report was to “quantify the impact of ultraviolet C-band light on caill
disinfection and indoor air quality of California K-12 Schools”. As noted in the microbial analysis
chapter, the technology is effective in reducing microbial levels on cooling coils. The findings of
this study address the effectiveness of the UVC irradiation on HVAC energy use and classroom
attendance. This conclusion addresses the prospect of broad application in California schools,
since the strategic advantage of widespread deployment bears further exploration. Several of
the more influential factors that inform this particular discussion are discussed below.

Firstly, microbial activity on the cooling coils is substantially affected by the amount of moisture
present. As the air conditioning system performs its cooling function, moisture in the air
condenses on the surface of the cooling coil; this dehumidification process contributes to the
latent load on a cooling coil. It is this moisture that provides an environment for microbial
growth. In the absence of this condition, the coil dries out and fungal colonies (if any) become
dormant. The coil latent load is largely dependent on how humid the climate is. (It should also
be noted that there are other contributors to the ‘latent load’ on a cooling coil, including the
number of occupants and humidity levels in the classroom itself.) California’s climate is typically
characterized as relatively dry which equates to a relatively nominal latent load.

Another major factor that contributes to the amount of microbial growth on the AC cooling coil is
the total hours of cooling operation. In California, approximately half of the annual cooling hours
occur during the summer months, June through September, which constitutes the seasonal
cooling period. The remainder of the cooling hours occur in the spring and fall periods, when
units may be used more sporadically. It was noted by officials within the California school
system that the year-round calendar provides more challenges than the traditional calendar in
terms of funding and logistics. In part, the year-round calendar was a strategy that allowed
school districts to accommodate an increased enrollment prior to constructing additional
schools. As school districts build new facilities, the need for year-round calendars is less critical
and many districts have reduced or abandoned their use of it. Ultimately, school officials are
seeing a declining use of the year-round school calendar, and as a direct result, reduced cooling
hours.

With this in mind, the potential for mold growth on cooling coils in California classrooms will also
see a decrease as districts move to the traditional fall through early summer school schedule.
This result is likely because coils serving classrooms with traditional schedules would show
fewer fungi due to the reduced hours of operation. The schools in this study were year-round
schools and visual confirmation by the study team indicated that the coils in this study had slight
or unobservable visible fungal growth. This visual observation was supported by the modest
frequency of positive lab results that indicated mold colonies.

In summary, this study concludes that the UVC technology is effective in reducing microbial
growth on air conditioning cooling coils. However, the impact of this technology on IEQ in
California schools would be proportional to the pervasiveness of microbial growth on cooling
coils and the relationship between surface microbial growth and IEQ. The presence and
magnitude of microbial activity on the population of existing classroom cooling coils is
uncharacterized at present. In the absence of this type of characterization, the UVC technology
may be best suited for application in AC units in classrooms with pre-existing microbial growth
or IAQ problems.

The study also assessed the association between the UVC light disinfection and the changes in
the average daily attendance data during the study period. Certain airborne contaminants can
cause health problems, leading to absenteeism from school and work, resulting in reduced
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productivity. The analysis compared the change in the attendance rates between the pre and
the post installation periods for treated and untreated classrooms. Our results show that the
difference in the change in the attendance rates (between the pre and the post period) between
the UVC installed classrooms and the classrooms in the control group was not statistically
significant for this study.

This study also examined the impact of the UVC disinfection technology on AC unit airflow and
efficiency. With the small sample size, large error bounds and study limitations discussed
earlier, the analysis did not determine with statistical significance that the technology
significantly impacted airflow or efficiency. The trend for the six week study was a small
increase in airflow of units with either of the manufacturer's disinfection systems and
inconclusive impacts on efficiency. True energy impacts must be studied not only as an
improvement in efficiency or airflow, but in terms of a system’s airflow and efficiency degrading
over time and the disinfection system’s impact on slowing the decline of unit performance. A
recent study showed that the reduced air flows that result from coil fouling can cause typical
efficiency and capacity degradations of less than 5%, however they can be much greater for
marginal systems or extreme conditions**. Coils that are in an environment that promotes
biological fouling are the best application for this technology in order to produce energy savings
through coil disinfection. Additionally, the total number of cooling hours should be factored into
the decision to install UVC systems. Higher cooling hours result in more moisture on the coils,
and therefore more potential microbial buildup.

One critical factor that will assist with the adoption of UVC disinfection systems for HVAC
systems is a standard labeling and testing procedure for the products on the market. Currently
there are no standards and each manufacturer uses their own discretion on selecting the type of
information that is printed on their marketing material. There are no standardized industry tests
for the products offered, leaving much room for low quality products that do not provide the
disinfection that other quality products do. Consumers currently rely on manufacturers to
provide reliable information about their products. It would be a great improvement if the
information came from a standardized laboratory facility that could verify the manufacturer’s
claims, allowing for comparisons between suppliers and eliminating uncertainty for the
consumer.

Recommendations for Future Research

It is always important when conducting a research study to discuss the limitations of the study
and any future research that should be conducted to solidify the study findings. Throughout this
report we have documented the limitations of this study in terms of the numbers of AC units in
the study, the number of microbial samples taken, the engineering data that were logged, etc.
Our primary recommendation would be to increase sample sizes and allow for repetition of
sampling within the study. The limitations can be overcome with additional funding in the $2
million range that would allow a study team to develop a comprehensive study methodology that
will allow for primary data collection that will directly answer all possible research questions.
Both laboratory work and fieldwork will be required to answer all research questions. Some of
the outstanding research questions and the study opportunities are summarized below along
with recommendations.

Irradiation efficacy and microbial disinfection effectiveness near and distant to UVC lamps

1% Siegel, et al, Lawrence Berkeley National Laboratory
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An important factor to study is the irradiation efficacy directly under the UVC lamp, and also
at specified distances from the lamp. A number of research studies have been written that
describe output measurement procedures and some suggested required documentation of
the process™. A common metric such as microwatts per square centimeter, (UW / cm?), at
specified distances should be addressed by a standard. This would also assist the
standards committee in setting regulations as to how much distance can be placed between
the lamps when installed to provide effective radiation. To test the overall efficacy factor,
microbial samples would have to be taken at pre-specified distances from the lamp, with
ideally at least five samples being taken at each distance on each coll.

Does the UVC irradiation cause deterioration of non-metal HYAC equipment?

There is no clear consensus on whether such items as unit wiring, air filter materials,
packaged unit case insulation, and fan drive belts are subject to deterioration due to UVC
exposure. Originally Underwriters Laboratory (UL) required that system wiring be shielded
with metal, but they have since removed that requirement. Teflon, used to shield outdoor
wiring, is resistant to all bands of UV and is a possible defense for wiring exposed to UVC.
An independent laboratory needs to perform tests to determine what type of materials and
parts should be shielded and with what material. A standard should address this issue.

Are the UVC disinfection systems designed to work properly in the cooling environment?

According to some manufacturers, not all of the UVC for HVAC products on the market have
been adjusted properly to work inside the units. With such low temperatures the lamps may
not be performing optimally once installed in the HVAC systems since some lamps are
tested at room temperature. Laboratory testing under HVAC conditions of all of the products
being offered on the market is needed to confirm this assertion.

Laboratory testing is also needed to test output in general. A number of research studies
have been written that describe output measurement procedures and some suggested
required documentation of the process™®.

Repetition of cooling coil surface sample quantities and locations

The microbial reduction findings would be optimized with a robust sampling plan. When
looking at any particular area of a cooling coil, the degree of microbial growth varies. If one
were to inspect multiple locations on a coil, some areas would have more colonies, others
less. In order to characterize the entire coil, additional sampling points for each coil would
be necessary to calculate an average level of contamination for each coil. It was
recommended that a minimum of five samples be taken per coil (i.e. five repetitions per
sample).

It is also logical to ask if microbial growth would be different on the upstream side of the coil
as opposed to the downstream side. For instance, the coil fin edge on the upstream side
would see impingement of debris and airborne spores, whereas the downstream side would
see a greater accumulation of condensate. To gain a comprehensive picture of microbial
activity on cooling coils, it would be best to collect up to ten samples on each side of the
cooling coil; both upstream and downstream for culturable and non-culturable fungi and
bacteria.

UVC for cleaning building ventilation air to prevent contamination by chemical agents

5 Sagges and Robinson, pg 21, IUVA News, Volume 7, No. 3, September 2005
16 Sagges and Robinson, pg 21, IUVA News, Volume 7, No. 3, September 2005
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Can UVC be used effectively as a preventative measure to inactivate destructive bio-
agents? The EPA and RTI are currently investigating this research question through the
EPA’s Technology Testing and Evaluation Program. This study is currently outlining the
laboratory test parameters that could be used to develop standardized test procedures for
all products on the market.

UVC output degradation over time

The UVC products on the market are rated for varying hours of useful life. In order to test
the life of the products, the study should be performed over a 12 month study period. This
will allow for at least three testing intervals within the year. Those treatments that degrade
over time will have less disinfection effectiveness at the end of the study. There also may
be a reduction in more resilient strands of mold in a longer study. An attendance analysis
would be strengthened by having one year of pre and post data.

Ability of UVC to penetrate into the fins

There are currently no thorough research studies on how long it takes UVC to penetrate into
the coil fins. This is the subject of one proposed research project request being prepared by
ASHRAE TG 2.UVAS. It is widely accepted that a one to two month study period will show
high levels of microbial reduction on the irradiated surfaces. However, tests should be
performed to determine the optimal length of time needed for the UVC irradiation to
penetrate deep into the coil. UV levels can be quite low deep in the narrow spots between
fins. As the fins clear, more UVC is able to get in and reflect deeper into the coil. A
minimum depth to test would be a depth similar to that reached by the study team with the
swab sampling technique.

This topic is also related to the number of hours that the UVC lamps are operating. The
recommended hours vary by manufacturer. A study could be done that quantifies the
optimal hours of operation to achieve high kill rates based upon lamp intensity. This study
could also include the cost of operating the lamps during this period.

Relative contribution of AC system, classroom, and outdoor contaminants to air in
conditioned space

There are many sources that contribute to the air quality characteristics in the HVAC system
air stream. A few of the more significant factors are the seasonal and incidental conditions
which affect the airborne count of mold spores, quantity of outdoor (ventilation) air being
brought in to the conditioned space, seasonal weather conditions that affect the latent load
on the system, AC unit air filter efficiency, air filter bypass conditions, and classroom
contaminants. It is important to understand the source of contamination in order to
determine the most appropriate mitigation method.

It became apparent to the study team when trying to determine what types of microbial
samples to perform that a study is needed that quantifies the correlation between surface
fungal colonies and air stream spore counts. Additionally this study should quantify the
relationship between outdoor contamination and seasonal weather conditions on indoor air
guality in order to control for these effects using filtration or other methods. The season
affects the amount of latent load on the AC. Latent load should be correlated with affects on
system performance and the amount of fungal proliferation during the different seasons.

The presence of mold in the building structure, along with elevated levels of volatile organic
compounds (VOC's), formaldehyde, and many other contaminants may compromise the
indoor air quality. Supplies customarily provided for children’s activities in classrooms can
also have an impact. These materials include paints, markers, glues, paper, clay, etc. and
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activities such as cutting, filing, scraping of wood, etc., which can all introduce patrticulate
and aerosolized matter into the room.

In addition, classroom occupants, particularly students, introduce contaminants from their
home environments and through exposure to other students and outdoors at lunch and
recess. If children live in less than desirable environments they may introduce agents
outside the control of school districts and teachers. A study could address the affects of
wiping off shoes on floor mats, washing hands after entering the classroom, and other
practices to prevent contaminants from entering the classroom via occupants.

There are many potential locations for such airborne microbial tests such as air duct
surfaces, AC air stream — before and after cooling coil, and elsewhere in the outdoor, return,
and classroom air.

In order to bring greater clarity to the influence of these many factors, desirable tests would
include,

1. AC air stream testing for culturable bacteria and fungi, and a spore trap analysis.

2. Microbiological testing of classroom air using interval data for endotoxins, microbial
antigenic proteins, culturable bacteria and fungi, volatile organic compounds,
formaldehyde, carbon dioxide and monoxide, and other particulates.

Quantify amount of outdoor air being supplied to classroom and effects on IEQ

It is widely supported that there is an important relationship between the amount of
ventilation air and the concentration of airborne contaminants, or IEQ. Numerous studies
imply that an increase in ventilation air supply into classrooms could affect and improve
academic performance. A national school survey was conducted by the U.S. General
Accounting Office (1995) where nearly one third of all schools surveyed reported
unsatisfactory ventilation in the classrooms. That same survey indicated that nearly two
thirds of the U.S. student population receive their education in buildings, which due to
deterioration of the facility, warrant major repairs or renovations.

Additionally, there is energy savings potential when utilizing outdoor air for space cooling
needs, referred to as the economizer cycle. Minimum and or enhanced levels of ventilation
air can also be introduced independent of the heating or cooling modes in an HVAC system.
Special attention should be placed on portable classrooms, where units may not be
providing outside air when not in cooling mode for PTAC, and also heating mode for PTHP.
In short, it is a strategy that can be employed whenever a classroom is occupied. Particular
focus and analysis of the effects of insufficient versus minimum / enhanced levels of
ventilation air would be fortuitous.

Sampling Techniques to Determine UVC-related impacts

A 6-month planning period would enable the study team to determine the most appropriate
sampling techniques and tools to use for surface and air samples. As mentioned previously,
there is no broad consensus on an appropriate air sampling technique for this type of study.
Therefore, thorough secondary research and lengthy discussions with a team of 1AQ
experts, researchers, and UVC disinfection system manufacturers must take place before
any air sampling is attempted. To allow for comparison between future air sampling results,
a set of standard testing protocols could also be developed based on future research.
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Independent Opportunities

Independent of deploying the UVC technology for microbe reduction on the coils, there are
numerous measures and processes that would predictably contribute to improved HVAC system
performance and IEQ. The main two factors that can contribute to improve IEQ are ventilation
and good filtration. Following is a summation of the opportunities that exist.

Increase Air Filter Efficiency — The use of air filters which have a minimum MERV
efficiency rating of 8 would provide a significant improvement in the prevention of the
passage of airborne allergens including, pollen, mold spores, and coarser particulate
matter. Numerous manufacturers have available filters in the typical 1” and 2” depths.

Replace Air Filter — Appropriate change-out frequency will prevent excessive dirt
loading of air filters and the resulting degradation of air flow and performance. It was
apparent that an increased frequency would benefit numerous units.

Check Air Filter Bypass — Filter bypass is due primarily to poor construction of the filter
rack assembly allowing wide tolerances between the filter and mating surfaces. This
along with substandard installation of replacement filters result in appreciable debris
buildup on the evaporator coil and a decrease in airflow and AC unit efficiency.
Correcting bypass conditions through alterations to filter racks and better filter
replacement methods would produce beneficial results to AC performance and IEQ.

Verify/Increase Ventilation Air — The retro-commissioning of existing outdoor air
dampers, controls, and associated components to achieve the minimum requirements
for ventilation air as noted in the California Energy Code and ASHRAE standard 62.

Improve Areas Near Air Intakes — Areas near packaged HVAC units, where outside air
supplies are drawn, are often overlooked in routine maintenance. The area within the
classroom and outdoor activity areas are commonly maintained by school districts with
little attention to these areas. To improve IEQ unit condensation, rainwater, and other
liquids should drain away from the air intake side of a unit. Routine cleaning crews
should report visibly poor conditions to maintenance and roofs should be periodically
inspected for visual evidence of mold, mildew, standing water, etc.

Mitigate Contaminants Introduced by Occupants:

0 Require Door Mats — Many indoor contaminants and particulates are
transported from outdoors via shoes. Dirt, mold, plant matter, pesticides, and
lead are routinely brought into the classroom on the soles of shoes. Track off
mats are essentially long door mats and provide a very effective and passive
means of extracting debris from shoes. Use of them at the exterior entry to
each classroom or classroom building would be beneficial.

o0 Require Hand Washing — Many contaminants introduced into the classroom by
students and teachers are transported by hands. Interaction with other
students, outdoors, and home environments could lead to the introduction of
microbial species into the classroom. The use of this strategy along with track
off mats limits the potential sources of IEQ problems to those under the control
of school districts.

Clean Coils — Some of the evaporator coils had slight to heavy accumulation of
particulate debris. In many instances, a one time vacuuming and/or washing of
evaporator and condenser coils would effect a notable improvement in performance.

RLW Analytics, Inc. Page 61



California Energy Commission

Effectiveness of UVC Light for Improving School Performance June 30, 2006

Energy savings associated with cleaning condenser coils have been quantified in the
DEER 2005 Study (approx. 246 kwh, 0.5 kW, Life 3 yrs per unit)*’.

Test and Adjust Refrigerant Charge — It is common to find AC units which are under or
overcharged with refrigerant. Correcting this condition often brings about a notable
reduction in energy cost, performance improvements and decrease in premature
equipment failures. Energy savings associated charge adjustments have been
quantified in the DEER 2005 Study (approx. 408 kwh, 0.1 kW, Life 10 yrs per unit)*”.

Retire Oldest Units — It is common for units to remain in service beyond typical
replacement lives, especially for monetarily constrained school districts. The new
Department of Energy Air Conditioning Standard*® sets the minimum efficiency of small
units (<5.5 ton cooling capacity) to SEER 13, and prices should drop as these become
base models for manufacturers. Replacing units over twenty years old with these units
could result in significant energy savings and falling prices would yield shorter
paybacks.

Reduce Diesel Exhaust Emissions — Diesel exhaust is a prevalent source of air
pollution at many school sites and may be produced by school buses and major nearby
roadways. When inspecting used air filters at several different school sites, there was
evidence of this problem. The presence of black particulate matter on the filters
indicates pollution from combustion engines; amongst other equipment. Implementing
a program to reduce diesel exhaust emissions can have a positive impact on air quality,
asthma, and other respiratory issues. Similar pollution sources in the school’s
proximity, such as airports and manufacturing facilities, should be mitigated to ensure
optimal IEQ.

Clean Cool Roofs — White cool roofs are meant to reflect solar radiation from the roof
surfaces, thereby reducing the heat transfer during the warm summer months. The
study team observed many cool roofs that had dirt and debris resulting in a brown roof
and likely reducing any reflection benefits that the roof was designed for.

While the adoption of some of these independent opportunities for increased AC performance
could be beneficial to districts, the maintenance and budgetary issues that school districts may
be faced with should not be overlooked. It was discovered that at one of the school districts,
the maintenance staff had encountered budgetary challenges when making an effort to
improve air filtration. The district has traditionally used a very low efficiency air filter (MERV 1
rating) for all of their AC units. The operations budget allows for janitorial staff at each school
to change the filters four times per year. For a brief period of time the school district installed
higher efficiency filters and discovered that the filters were loading up quicker than anticipated,
which necessitated one additional filter change per year. Although the additional material cost
could be absorbed in their budget, the additional labor cost for more frequent filter changes
could not. Due to budgetary constraints, the district had no choice but to revert back to the
lower efficiency filters.

" The Database for Energy Efficiency Resources (DEER), December 2005, jointly developed by the California Public Utilities Commission (CPUC) and
the California Energy Commission (CEC), with support and input from the Investor-Owned Utilities and other interested stakeholders. Deer inputs:
Average unit size was 4 ton, 39% of units in CZ12 and 61% in CZ10, and an estimated 33% are 1978-92 vintage and the other 67% are 1993-2001
vintage. All units served primary schools.

8 DOE Air Conditioning Standard, Effective on all units manufactured after January 23, 2006
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