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Introduction and Key Issues 
This document is the research plan to quantify the impact of ultraviolet C-band light on coil 
disinfection and indoor air quality of California K-12 Schools.  The tasks described in this 
document are UVC Study Methods D-3.2a, D-3.4a, D-3.7a, the revised study design.   

The primary purposes of the study are to: 

1. Understand whether UVC surface disinfection systems reduce the energy 
consumption in air conditioning units and if so, to quantify the amount. 

 
2. Quantify any changes in Average Daily Attendance (ADA) when the UVC lamps are 

installed. 
 

The technologies that we are studying are surface disinfection systems whose principal 
objective is to kill microbiological colonies growing on the cooling coil and drain pan, with 
resulting reduction in energy consumption. 

The goal of this project is to determine if ultraviolet light in the “C” band (UVC) is effective in 
reducing HVAC-related mold and mildew, thereby improving indoor environmental quality 
(IEQ) and producing energy savings.  The UVC lamps are designed to mount in the HVAC 
system supply duct, usually right above the evaporator coil.  Manufacturers of these products 
claim that the UVC lights kill mold and mildew that grows on the evaporator coil and in the 
drain pan, resulting in increased efficiency of the HVAC unit through better heat exchange 
and reduced pressure drop. 

We have devised a study design that addresses the some concerns of the members of the 
Program Advisory Committee (PAC) that were aired during the January 20th, 2004 meeting at 
the CEC.  The new study design entails installing UVC lamps on HVAC systems that we 
select in three K-12 school districts located in California, and requires detailed and precise 
field measurements of HVAC units, which will facilitate calculations of energy consumption 
and attendance effects.  The revised study design also strengthens RLW’s ability to control 
for maintenance practices, operation, classroom type, and other factors that initially 
concerned the PAC.  In essence, the study has shifted from a purely analytical model, to a 
model that supports a blend of engineering and technical analysis.  An outline of the 
research plan is as follows: 

1. Research on Biological Sampling 

2. School Selection 

3. Qualification of HVAC Units 

4. Pre-Installation Microbiological Testing 

5. Pre-Installation Air Conditioning Performance Testing 

6. Installation of UVC Lamps 

7. Post-Installation Testing 

8. Analysis 

9. Reporting 
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Sample Sizes 
Fifty-one to Fifty-four air conditioning units will be included in this study, with 66% of the units 
receiving UVC installations.  The tests will be done on two types of units.  The first being 
packaged rooftop units (RTU) and the second being exterior wall mount, packaged terminal 
air conditioners (PTAC).  The wall mount units are used principally for portable / modular 
classrooms.  It is our intention to select a number of RTU’s and PTAC’s that is proportional to 
the total number at the schools.  Therefore, the exact number of each unit type is largely 
dependent on what is found at the participating school district sites. 

The test sample will consist of three study groupings, two groupings will receive lamps from 
either manufacturer, and the third grouping will not receive UVC disinfection systems and will 
serve as the control group.  Each group will consist of seventeen to eighteen HVAC units, 
constituting a total of thirty-four to thirty-six units that will have UVC lamps installed adjacent 
to the evaporator coil. 

The units will be further grouped by school district and school location.  The school districts 
participating will be the Natomas Unified School District (USD) with up to 21 units, the San 
Marcos USD with up to 21 units, and the Ontario-Montclair USD with up to 12 units.  The 
Natomas USD will have two participating schools, San Marcos will have four and Ontario 
Montclair will have three.  At each participating school within these districts, identical units 
serving similar loads will be selected to participate in the study.  The number of units studied 
at each site may vary depending on the operating condition of the units but each school will 
have an equal number of control units, units that will receive lamps from Manufacturer A, and 
units that receive lamps from manufacturer B. 

The air filters for each unit will be changed prior to the initial session and then changed once 
again, prior to the second session.  The type, make, and model number will be recorded for 
each filter.  The filter change will assure that there is no incidental biological contribution from 
material that might have accumulated on old filters. 

Ultraviolet Radiation Overview 
Ultraviolet radiation is invisible light with a frequency just below the visible spectrum.  The 
region of the ultraviolet spectrum is classified into three wavelength ranges and is 
distinguished by how energetic the ultraviolet radiation is: 

·  UV-A, from 315 nanometers (nm) to 400 nm 

·  UV-B, from 280 nm to 315 nm 

·  UV-C, from 100 nm to 280 nm 

Ultraviolet germicidal irradiation (UVGI) is another name for UVC and has been used for 
more than 70 years to kill harmful microorganisms of all types in a great many applications 
such as food processing, water sanitation, and hospital disinfection.  The germicidal 
wavelength of 253.7 nm within the UVC segment is most effective at inactivating 
microorganisms, mold spores, and contaminants and is the wavelength claimed to be 
produced in the UVC lamps by the manufacturers. 

Manufacturers 
There are currently two manufacturers committed to this study; one company only 
manufactures surface treatment lamps (Manufacturer A), the other company produces both 
surface and air treatment lamps (Manufacturer B).  Manufacturer A produces systems 
employing high output surface treatment lamps that are designed to reduce buildup on the 
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coils and disinfect the air stream.  Manufacturer B produces systems using lower output 
surface treatment lamps that are primarily designed to reduce buildup on surfaces.  This 
study is focusing on the surface treatment devices. 

The de facto lamp output unit of measurement is micro watts per square centimeter at one 
meter distance (µW / cm2), which is often referred to as “intensity” or “irradiance”.  The total 
intensity of a UVC unit is based on many factors, the most significant of which are the 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 low output 
units.   Additionally, the dose required for a satisfactory kill of specific micro-organisms varies 
significantly by species.  For instance, Bacillus spores are far more resistant to eradication 
that other molds.  Therefore the required dosage is much greater to eliminate that spore.  It is 
widely accepted that units employing magnetic ballasts are typically low output and those 
using electronic ballasts are high output.  

Manufacturer A’s printed literature indicates that numerous of their models produce 10 µW / 
cm2  per inch of lamp length, are of high output, and will provide surface and air disinfection.  
Manufacturer B’s available literature does not provide any data on actual output intensity of 
their UVC assemblies, though they do claim that their surface treatment lamps are low 
output.  They state that various units are suitable for surface disinfection and state that they 
will provide cleaner air, though no direct claims of air disinfection are made. 

RLW will work closely with the two manufacturers to ensure that the correct lamp 
configuration is specified for each unit.  The manufacturers will donate the UVC lamps that 
are being used for the study and are assisting with the installation.  They are also supplying a 
set of replacement lamps to the school districts. 

School Sites 
RLW understands that the primary function of schools is to facilitate learning.  We will make 
every effort to ensure that educational functions at participant school districts are not 
compromised.  We have found that while our initial contact at a district may be interested and 
willing, we must then progress though multiple layers of school administration to secure an 
agreement to participate.  After many months of recruiting school districts, we have finally 
recruited the three aforementioned districts and have signed all non-disclosure and 
confidentiality forms that were required to satisfy all district concerns. 

When RLW contacted the school districts to recruit them for the experiment, there were 
some major criteria that had to be met: 

o Year round schools, 

o No changes to the load during the test period, 

�  Major remodels, including: mechanical or lighting retrofits  

�  Any major additions to the building 

�  Introduction of new load to the classrooms (computers, task lighting, 
etc.) 

o No changes to the classrooms 

�  Grade level changes 

�  Teacher changes 
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�  Drastic class size changes 

o Maintenance practices are identical for each system within the same school 

The preliminary visits to each school will be used to verify that none of these changes will be 
implemented during the study timeframe.  RLW personnel will educate and discuss the 
technology and study with teachers in an effort to alleviate any concerns that the study may 
create.  RLW will also develop a brief maintenance protocol for the facility managers to 
ensure that they understand the goals of the study.  We will ensure that no filter change outs 
or other maintenance practices are performed on the units during the study period.   

We will also ensure that the school officials are willing to provide us with average daily 
attendance (ADA) for each classroom.  ADA for districts is publicly available through the CA 
Department of Education; therefore we are confident that it is non-confidential data.  We will 
obtain the class-level ADA from the individual districts and design an MS Access database 
that will be used to store all of the data as they are collected from individual districts.   

We will also conduct a brief survey of the teachers in the treated and control classrooms to 
determine whether there were any additions/extractions of systems that may have caused 
their energy consumption to change.  We will survey the teachers before and after the 
treatment to gather anecdotal evidence of any changes in IEQ. 
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Microbial Sampling Plan 
This investigation will consist of visual inspections of the built environment, including the 
classrooms, and the building site surrounding each building.  The air conditioning distribution 
system which serves each selected classroom will be analyzed for outdoor air ventilation 
rate, common air properties, and cooling coil surface microbial concentrations.  The site 
survey and data collection phase of work will commence in July and two months later will be 
concluded with the post field measurements.  Upon completion of these items, the results will 
be compared to regulatory and industry standards and guidelines.  

Biological Sampling 
The goal of the biological sampling is to determine whether or not the UVC lamps are 
decreasing the number and types of microorganisms present on the surface of the coils.  We 
will quantify any reductions in surface mold and bacteria, relate that to the efficacy of ultra-
violent disinfection at the air conditioning unit and postulate changes to student attendance in 
the classroom. 

As mentioned in the introduction, there are currently two manufacturers committed to this 
study; one company only manufactures surface treatment lamps (Manufacturer A), the other 
company produces both surface and air treatment lamps (Manufacturer B).  Manufacturer A 
produces systems employing high output surface treatment lamps that are designed to 
reduce buildup on the coils and disinfect the air stream.  Manufacturer B produces systems 
using lower output surface treatment lamps that are primarily designed to reduce buildup on 
surfaces.  Were this study to focus primarily on IEQ, without regard to energy savings, we 
would have selected the air treatment technology instead of the surface treatment.  However, 
since we are concerned about energy savings, we decided to focus on the surface treatment 
devices. 

Our working hypotheses are: 

1. UVC assists the units to run more efficiently 

2. UVC reduces surface microbial growth 

3. UVC increases ADA 

Biological Sampling Plan Basis 
Upon hearing the comments from the PAC and from our secondary research, we have found 
that extending the microbial sampling beyond a cursory analysis of the coil surfaces will not 
produce conclusive results.  This is largely due to the fact that there are numerous sample 
types and locations that would all be logical candidates for testing.  Therefore, to include a 
fourth working hypothesis that UVC reduces the airborne microbes, we would have to 
perform significant amounts and multiple variations of air sampling to have any certainty in 
our conclusions.  Some of the additional tests that we would likely include to test this fourth 
hypothesis are: 

1. Cooling coil surface testing for non-culturable fungi 
2. Air stream testing for culturable bacteria 
3. Air stream testing for culturable fungi 
4. Air stream testing for non-culturable fungi 
5. Room air testing for endotoxins 
6. Room air testing for VOCs 
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7. Room air testing for microbial antigenic proteins 
8. Room air testing for formaldehyde 
9. Room air testing for culturable bacteria 
10. Room air testing for culturable fungi 
11. Room air testing for particulates 
12. Room air testing for carbon dioxide  
13. Room air testing for carbon monoxide 

 

The potential locations for such tests are: 

·  Cooling coil surfaces - upstream and downstream faces 

·  Supply air duct surface 

·  Air conditioning unit air stream – before and after cooling coil 

·  Return air 

·  Outdoor air 

·  Classroom air 
In order to reduce the sampling error, it was recommended that we take no fewer than five to 
ten samples of each test type at each location (with three samples being the absolute 
minimum number of samples per test).  The costs to perform all of these tests would far 
exceed the current budget.  We considered isolating a few of the tests to characterize IEQ in 
the classrooms, however amongst the PAC members and in the academic / scientific 
community at large, there is no consensus on such issues as to whether viable or non-viable 
fungi pose the most significant effect on human health, or if bacteria plays a larger role.  Nor 
is there any consensus on what, if any correlation there is between changes in surface 
colonies and that of the air stream, and so forth. 
We engaged Harriet Burge1 and Terry Brennan2 as consultants to assist in the refinement of 
our sampling plan.  In consideration of the limited number and type of samples that are 
allowed for in this project, we felt it strategic to solicit their expert advice.  From this dialogue 
we established which samples are crucial, as opposed to supplementary and concluded that 
we should focus on surface samples. 

In addition, there are other factors such as activity levels in the classroom during the 
sampling period, weather, and whether the doors and windows are open or closed that can 
cause airborne particulate concentrations to vary dramatically hour by hour.  Therefore, by 
focusing on surface samples which accumulate over time in various conditions, we are 
eliminating the other factors as sources of sample bias. 

Other IEQ Factors 
In order to supplement the analysis of the changes in biological contamination on the cooling 
coil, RLW will record detailed field observations that are typically used in the assessment of 
indoor air quality. Our study will take into account the condition of the area or building in 
question.  Survey forms have been created specifically for this work and enumerate in detail 
what will be documented.  In summary we will account for: 

                                                

1 Adjunct Senior Lecturer on Environmental Microbiology, Harvard School of Public Health 
2 Building scientist and educator, Camroden Associates 
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·  General cleanliness of the area.  
·  Are doors and windows kept open or closed?  
·  Is there an indoor source of water or high relative humidity?  
·  Room characteristics (carpet, ceiling, etc.)?  
·  Condition of the coil, drain pan, and ducts before and after the treatment.  This will 

include photos. 
·  Incidence of asthma or other respiratory attacks during the test period and for the 

previous twelve months (if available). 
·  Conditioned space temperature and relative humidity, values in a select number of 

rooms. 

Sample Type 
RLW plans to take two types of samples for this IEQ study.  At the cooling coil surface, 
samples will be collected by scraping material from the coil fin edge and face.  From this 
sample, tests will be run for both culturable bacteria and fungi.   Figure 1 is a sample 
culturable fungi report and Figure 2 is a sample culturable fungi report from EMlab™.  These 
reports show the level of detail that RLW will receive for each of the surface samples 
submitted to EMlab™ for analysis.  We will be able to determine whether the surface 
culturable fungi and bacteria are present in larger or smaller quantities from the test results. 

Surface Sample 
We have decided to use surface samples taken by scraping surface material and bio-film.  
The primary purpose of the scrape sample on the coil is to determine whether or not mold or 
bacteria is growing on the surface, and if so, what kinds are present.  Surface sampling may 
reveal interstitial reservoirs that have not yet become airborne.  The advantage of scrape 
sampling over tape lift is that it provides a much larger volume of material, which in turn 
yields a more representative sample. 

Razor Scraping Procedure 

A template will be made to mark a 1 to 2 in2 area where the sample will be gathered.  This 
template will be used for all units.  We will use a clean single edged razor to collect any 
accumulated material that is found on the coil fin edge and fin face.   Sterile bottles will be 
used to collect the individual samples.  The location of each initial sample will be noted in 
order to ensure that the post-installation sample is taken in a nearby location.  The samples 
will be immediately sent to EMlab�  for analysis. 

Figure 3 shows the approximate locations of the samples that will be collected for this study.  
The precise sampling locations will be determined in the field, in consideration of such 
factors such as surface microbial growth concentrations.  
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 Figure 1: Sample Culturable Fungi Report 
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Figure 2: Sample Culturable Bacteria Report 
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Figure 3: Location of Surface Sample in an RTU 
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Engineering Technical Plan 
The evaluation plan is a comparative study of a test sample and an identical control group.  
The test sample will consist of air conditioning units with UVC lamps installed for evaporator 
coil disinfection.  The control group will consist of identical units serving a similar load.  

In order to optimize data quality, RLW will utilize 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 with be informed about the importance of taking 
careful and patient measurements.  All instrumentation will be calibrated before use in the 
field and any problems or anomalies with instrumentation will be reported to project 
management immediately. 

For each school, field staff will identify the units that will participate in the study.  This 
preliminary assessment will take place prior to any UVC lamp installation. An initial visual 
inspection will be made to make certain the units are in proper working order.  If no problems 
are visually apparent, a quick test of operating performance will be made with a Honeywell 
Service Assistant tool.  This tool checks for refrigerant charge, airflow, coil condition and 
various other malfunction indicators.  Ideally, all six to twelve pre-determined units per school 
will have no diagnosed deficiencies.  However, if less than the appropriate number of units 
are functioning properly, minor repairs may be made to correct deficiencies. If the necessary 
repairs are extensive, a back-up campus will be considered. 

The units selected to participate in the study will be subjected to extensive measurements to 
evaluate air conditioning system efficiencies.  These measurements will quantify pressure 
drop across the evaporator coil, unit capacity and efficiency.  To evaluate the field operating 
efficiency and capacity of a direct expansion (DX) cooling system with good precision, it is 
necessary to take careful measurements using high quality calibrated instruments during 
steady state operation of the system.   

Instantaneous temperature and pressure data will be captured with a Honeywell Service 
Assistant.  This system is a refrigerant manifold gauge set and a temperature sensor array 
connected to a personal digital assistant (PDA) using proprietary software.  It is capable of 
recording data down to a five second sampling rate. Once each unit has attained steady 
state operation, readings will be taken to capture the following measurements: 

·  Outside dry bulb temperature 

·  Inside (return air) dry bulb temperature 

·  Inside (return air) wet bulb temperature 

·  Supply air dry bulb temperature 

·  Supply air wet 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 
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Temperature probes will be capable of measuring tenths of a degree with equivalent 
precision.  Air temperature sensors will be placed in or near the center of the airstreams at 
points where the air is well mixed.  Refrigerant tube surface mounting sensors will be placed 
on the suction and liquid lines, covered with flexible refrigerant line insulation, and held firmly 
in place with straps. 

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

Five readings will be taken and recorded over a period of about five minutes.  The final unit 
efficiencies will be calculated with temperatures and pressures averaged over these minutes.  
Using values averaged over several minutes improves accuracy as error resulting from 
temperature and pressure fluctuations and instrumentation time constant variation. (Unit data 
will be entered with a laptop on-site; a spreadsheet will be utilized for validation and “sanity 
checks” of the data while the instrumentation is still in place.)   

Concurrent power measurement will be made with a Fluke 39 power meter.  Additionally, 
RLW technicians will record unit nameplate data to obtain manufacturers and model 
numbers, 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 might be listed. 

The volumetric flow rate of air through the unit in cubic feet per minute (cfm) will be 
measured with a TrueFlow

®
 Air Handler Flow Meter manufactured by the Energy 

Conservatory.  Although intended for residential air handlers, RLW field technicians have 
successfully used this instrumentation for measuring flow rate in small commercial packaged 
units in a previous PIER study.   

After the initial efficiency assessment is performed the units will have on/off event motor 
loggers installed to collect data for the duration of the study period.  These loggers will 
quantify run-time of the units for both fan only and cooling mode (fan plus compressor).  
RLW will calibrate the sensitivity of the loggers and use two for each motor for redundancy.  
RLW owns over 100 motor loggers that can be used for this purpose.   

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

The primary focus for the energy efficiency analysis is system efficiency.  The in-situ 
measured efficiency of the unit will be 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.  Comparison of pre-
installation and post cooling season normalized operating efficiencies will be the determining 
factor in evaluating the energy efficiency claims due to UVC treated evaporator coils.  The 
pre and post efficiencies of the treated units will be 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. 
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If any increases in efficiency are indicated, energy savings will be estimated from logged run 
time and coinciding outdoor temperature from the closest weather station.  Using the unit 
manufacturer’s performance data, savings estimates as a function of outdoor temperature 
will be generated and applied to the logged run time hours to acquire savings during the 
monitored period.  The lamp wattage will also be factored into the energy savings 
calculations and the lamps will operate uninterrupted through the length of the study. 

To generate a “typical” annual energy savings estimate for each unit, the monitored period 
savings will be “trued up” using typical weather data (such as TMY2).  The ratio of number of 
hours with an outdoor temperature within a specified range or “bin” of a typical weather year 
coinciding with unit operation to hours for the same temperature bin captured during the 
monitored period is applied to the estimated savings for that bin.  The typical year energy 
savings is the sum of savings for all bins. 
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Statistical Sampling 
This section of the study design addresses the study sample sizes and the precision of the 
energy consumption analysis.  We were able to obtain some information on school energy 
consumption from a sample of billing histories for schools that we have worked with in the 
past.  Using these data we have computed the approximate savings that the lamps must 
produce in order for us to conclude that the savings are statistically significant. 

We are including two manufacturers in this study; therefore the sample sizes that we discuss 
in this section are in reference to an individual manufacturer since none of the results will be 
combined during analysis.  We have come up with a minimum sample based upon the 
following assumption:  

�  We computed the percentage of cooling and ventilation energy as a percentage of 
the total energy in schools from Table 3 on page 17 of the RFP.  Cooling and 
ventilation comprise 23% of the total energy . 

Manufacturer A’s website claims, “Many commercial building operators estimate that UVC 
lights have yielded 25-30% reductions in their total A/C system energy usage”.  We analyzed 
our budget and determine that the project could support 15-16 lamp installations.  We then 
established that in order to conclude that our findings are statistically significant; we must 
observe at least a 12% reduction in cooling and ventilation energy.  If the lamps do yield a 
12% reduction in the 23% of cooling and ventilation energy, the total energy impact would be 
2.8% of total energy. 

We first needed to understand the year-to-year energy change in schools.  To assess this 
variation, we obtained billing data from a few different master metered schools located in 
Northern California and calculated the year-to-year variation in kWh at the schools.  We 
found that there was very little annual variation at these schools, i.e., a very low error ratio of 
0.073.  The error ratio measures the overall strength of the association between year 1 and 
year 2.  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 will be an engineering-based experiment that will be conducted at the A/C level, 
we expect our precision to be better than what we would obtain at the whole building level, 
therefore we have estimated that our standard deviation will 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 

m 1 = mean kWh consumption in year 1 for population 

s  = sd (y1 – y2) 

                                                

3 It is likely that other districts throughout California have slightly different variation in annual energy consumption 
from year to year and that their error will be slightly higher or lower.  Therefore, the % cooling savings that are 
required for statistical significance will vary slightly from these estimates. 
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Assuming a simple random sample, the difference between the two school years 1 and 2 are 
given as follows: 

Savings = m1 – m 2 

We can estimate the difference between the two years as the difference between the means: 

Estimate )y - (y yy 2121 =-  

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

Sd ( 21 yy - ) = n/s  

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

Error bound = z * )/( ns * 2  

The estimate of the difference with the error bound included is written as: 

Savings = )/(*yy 21 nz s±-  * 2  

The percentage difference with the error bound is: 

% of Savings = 
11

21 )/( *2*yy
u

nz

u

s
±

-
 

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 1, 
HVAC savings of 12% are statistically significant with a sample size of at least 15 
installations per technology.  Our plan calls for 17 to 18 installations per technology. 

Table 1 also illustrates that there are numerous alternative sample sizes that can be used 
depending on the amount of HVAC savings that you want to estimate.  Figure 4 illustrates 
the diminishing returns that are realized by each increase in the sample size. 
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n
% Cooling
Savings

10 14.2%
11 13.6%
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 10.1%  

Table 1: Estimated Savings by Sample Size 

Required Sample Size by Estimated Savings
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Figure 4: Diminishing Returns 

 

ADA Sample Size 
We will use ADA data to analyze any changes in attendance as a proxy for indoor air quality 
changes.  The ADA analysis will serve as the study’s primary data source for determining 
whether the lamps have significant impact on the airborne microbes.  Precision estimates for 
the ADA analysis are rather difficult to predict since the impact has never been quantified.  
The benefit of the ADA analysis is that the ADA rate should be very stable over the course of 
a couple of years, therefore we are assuming a low CV of approximately 0.2, meaning the 
variation in attendance between two school years in classes without UVC lights would 
approximate 2% of the mean ADA.   

Assuming that the percentage reduction in ADA due to the lamps is approximately 1% of the 
mean ADA, and assuming a mean ADA of 96%, our error bound must be smaller than 
0.96%.  With a sample size of 15, we calculate an error bound of 1.15%, which indicates that 
15 data points is not sufficient to identify a statistically significant impact on ADA.  If we 
assume that the percentage reduction in ADA due to the lamps is approximately 1.2% of the 
mean ADA, then we could identify a statistically significant impact on ADA.  Based on this 
analysis, we still believe that conducting the ADA analysis should be a study task since we 
cannot be certain of the actual impact. 

Sample Size Allocation 
The study will include two manufacturers and is designed for a sample size of 15-16 units per 
manufacturer.  The study will now include 17-18 units per manufacturer and will achieve the 
level of precision described in the previous section at a minimum.  

We are going to identify subgroups of three comparable units at each school by discussing 
maintenance practices with the facility engineer and inspecting the units during a preliminary 
visit to each school.  We will restrict the classrooms served by the subgroup of units to cover 
similar grade levels.  We will then randomly assign the technologies to two units, and the 
third unit will remain untreated.  The facilities engineers will be asked not to perform any 
maintenance on the units.  RLW will leave stickers on the units to notify maintenance 
personnel of the study and to contact RLW prior to making any system changes or 
adjustments. 
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A diagram of the installation plan for each of the three districts is shown below.  The plan 
may be adjusted depending on the condition of the units at each school4.  
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Figure 5: Installation Plans 

 

                                                

4 Ontario Montclair is currently shown with four schools but that may be reduced since many of their units have 
been failing the service assistant test and are thus disqualified from the study. 



California Energy Commission  

Effectiveness of UVC Light for Improving School Performance June 21, 2005 

RLW Analytics, Inc. Page 18 

 

Analysis and Reporting 
The analysis tasks will have three distinct components: 

·  Energy efficiency and consumption analysis 

·  Contaminant Changes 

·  Average Daily Attendance (ADA) 

Energy Savings Analysis 
As a result of our engineering measurements, we will be able to quantify any efficiency 
changes that occur as a result of the treatments being applied to the HVAC units.  We will be 
able to attribute efficiency changes to either reduced airflow restrictions or improved heat 
transfer.  Assuming that we find efficiency, attendance, or airborne concentration benefits, 
we will perform a cost benefit analysis that compares the technologies. 

Contaminant Analysis 
The sample counts will be used to compare the surface cooling coil microbial concentrations 
before and after the lamps are installed.  In a study recently published 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 symptoms5.  The study found that the lamps 
resulted in substantial reduction of viable microorganisms on exposed surfaces.  Specifically, 
the operation of UVGI resulted in 99% reduction of microbial and endotoxin concentrations 
on irradiated surfaces  within the ventilation systems.   

ADA Regression Analysis 
In this task we will specify the ADA regression model.  Our preference is to run a cross-
sectional model on monthly ADA for the classrooms, using months before and after the 
installation of the lights and an indicator variable if the lights were installed.  We will ask the 
school districts ahead of time if they can collect this information for the study.  We will pool 
the data from the rooms, or stack the data for each room one on top the other.  Differences 
among the different cross-sectional or time-series observations can be captured with 
indicator (0,1) variables.  In our case, we would have indicator variables for the room, school, 
and month.  By using room indicators, we can eliminate many explanatory variables that are 
constant over the period.  Variables such as HVAC system type are not necessary for 
inclusion in the model since they stay constant over the test period and can be expected to 
have no significant impact on attendance.   

Using indicators to capture systematic differences among panel observations results in what 
is known as a fixed effects model.  An alternative method is called the random effects model. 
Conceptually, the difference is this: the fixed effects model assumes each room differs in its 
intercept term; the random effects model assumes each room differs in its error term. 
Usually, when your data contain all existing cross-sectional units (as in our data—where we 
will have data on all rooms with lamps), one finds that the fixed effect model works best.  
Therefore, we will use the fixed effects model. 

                                                

5 Menzies et al. 2003, pg 1785 
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A partial form of the model with k explanatory variables is as follows, with B1 being the 

measure of the relationship between ADA and UVC: 

Monthly ADA = B0 + B1*(% of tons with UVC) + B2*month + B3*school + B3*district + u 

Our model will relate the change in absenteeism to the installation of the UVC lights and to 
other significant characteristics of the rooms.   

A partial form of the model with k explanatory variables is as follows, with B1 being the 

measure of the relationship between ADA and UVC: 

Change in ADA = B0 + B1*(% of tons with UVC) + Bk*xk + u 

There are 3 stepwise variable selection procedures that are often used in linear regression: 
forward selection, stepwise selection, and backward elimination. The forward selection 
procedure starts with an equation that contains only the constant term and successively adds 
explanatory variables one-by-one, until the last variable added to the model is insignificant.  
Stepwise selection is essentially a forward stepwise procedure, with the exception that at 
each iteration, the possibility of deleting a variable is also considered.  

The backward elimination method first calls for fitting a model using all potential explanatory 
variables and calculating the t-statistic associated with each variable.  The explanatory 
variables are then deleted from the model one-by-one, until all variables remaining in the 
model are associated with a significant t-statistic.  During each iteration, the variable with the 
least explanatory power is identified and deleted from the model.   

The RLW variable selection method6, a variant of the backward elimination method, will be 
used in this study.  The RLW variable selection method begins with calculating a model using 
all potential explanatory variables and the associated t-statistics. However, the RLW method 
allows for the deletion of multiple variables during each iteration, whereas the backward 
elimination method does not. This procedure helps to identify collinearities between 
insignificant variables, which might otherwise be dropped without first understanding how 
such collinearities could potentially influence results. Specifically, the RLW method consists 
of the following steps: 

1. Calculate a “full” linear regression model including all potential explanatory variables. 

2. Identify all insignificant variables from the model resulting from step 1. 

3. Perform an F-test to test whether the set of individually insignificant variables are 
statistically significant as a group. Specifically, the null hypothesis of the F-test is that 
the beta coefficients of each of the variables in the group are zero, while the 
alternative hypothesis is that there is at least one variable in the group where the beta 
coefficient is not zero. If the F-test shows the set of variables are not statistically 
significant as a group, all variables identified in step 2 are also identified for deletion.  
If the set of variables tested is statistically significant as a group, this indicates there is 
a collinear relationship between the variables that is affecting the model. In this case, 
a reduced set of variables is defined for the F-test and deletion from the model. 

4. Calculate a reduced model including all explanatory variables that were not identified 
for deletion. 

                                                

6 The RLW variable selection methodology was developed by Dr. Roger Wright, lead statistician on this study. 
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5. If any previously significant variables become insignificant in the reduced model, 
calculate an F-test for all variables previously deleted from the model and the newly 
insignificant variables under the guidelines provided in step 3. 

If the beta coefficient on the UVC Lights is found to be significant, RLW will calculate error 
bounds for the estimated relationship between UVC lights and ADA.  RLW will present the 
information such that the relationship is explained in terms of the impact of installing UVC 
lights on the change in ADA. 

Reporting 
The report will technically describe the products that were included in the study in detail in 
order for potential consumers to differentiate between products.  The report will summarize 
the methodology and analyses used to evaluate the technology.  All of the findings will be 
integrated into a thorough discussion of the effectiveness of UVC lamps in HVAC systems. 
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School Site Information 

School ID 

 

Surveyor: Pete Lewis District: 

School: Primary Contact: Phone: 

Alternate Contact:  Phone:  

Building Address: 

City                                                                                           Zip 

 

Date: Start Time: Finish Time: 

Directions and 
Notes: 

 

 

 

 

Campus/District Questions 
 
Room numbers and Locations of potential Gr. 1-3 Classrooms (Info to be obtained before site visit) 

Num Room Grade Location Room Type  HVAC 
Type 

Comments 

1       

2       

3       

4       

5       

6       

7       

8       

Weather 
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Thermostats 
 TS-1 TS-2 TS-3 TS-4 TS-5 TS-6 

Unit served       

Area       

Location       

Manufacturer       

Model No.       

Cool setpt sched       

Heat setpt 
sched 

      

Fan schedule 
      

Occ fan mode Const / 
Cycles 

Const / 
Cycles 

Const / 
Cycles 

Const / 
Cycles 

Const / 
Cycles 

Const / 
Cycles 

Unocc fan mode Const / 
Cycles / Off 

Const / 
Cycles / Off 

Const / 
Cycles / 
Off 

Const / 
Cycles / 
Off 

Const / 
Cycles / 
Off 

Const / 
Cycles / Off 

Current time       

Indicated room 
temp 

      

Measured room 
temp 

      

 

Notes unusual thermostat location, zoning 

 

Incidents 
Circle any incidents as applicable: 
 

1 None to report  7 Contact person unavailable or unaware of survey appointment 

2 Complaint about rates  8 Customer expressed dissatisfaction with survey (list reason(s)) 

3 Complaint about energy costs or lack of savings  9 Property damage occurred during on-site survey 

4 Complaint about outages or power quality  10 Personal injury occurred during on-site survey 

5 Complaint about technology reliability  11 Other (list) 

6 Complaint about utility customer service    
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Initial Unit Assessment 
(Determination if unit qualifies for further study) 

 

Unit Number  1 2 3 4 

Unit Id #     

Serves  
(Rm #) 

    

Location     

Manufacturer     

Model 
Number 

    

General 
Conditions 
and 
Accessibility  

    

��� �  Service 
Assistant 
Data 

    

Pass / Fail?      

Ambient 
Temperature 

    

Current time     

Notes     
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Initial Unit Assessment (Units 5-8) 
Unit Number  5 6 7 8 

Unit Id #     

Serves  
(Rm #) 

    

Location     

Manufacturer     

Model 
Number 

    

General 
Conditions 
and 
Accessibility  

    

��� �  Service 
Assistant 
Data 

    

Pass / Fail?      

Ambient 
Temperature 

    

Current time     

Notes     
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Leaving Jobsite Checklist 
 

r   Unit power on  

r   MOA pot restored to original position  

r   Doors closed tightly  

r   OA hood and bird screen reinstalled  

r   Thermostat programming restored; Tstat cover replaced  

r   Service port caps installed, plastic plug (for hose access) reinstalled 

r  Trash cleaned up 
r  Survey administered 
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HVAC Unit Site Sheet 

School   
Room(s) Served   
Unit Number   
Unit Description   

 

Equipment 
Name 

 Serial Number   Ret/Rel 
fan hp 

 

Location  Year Mfg.  Rel fan 
mtr effic 

 

Manufacturer  Supply fan hp  Refrig 
type 

R-22    R-410a 

Model No   Sup fan mtr 
effic 

 Metering 
Device 

Non TXV 

TXV 

Cooling 
Capacity 

 Heating Type Elec. Resist 
Gas 
HP 

Heating 
Capacity 

 

Filter 
Information 
(MERV rating, 
cleanliness, photo)  

 

 

Economizer Data (If Equipped) 

Economizer Type Single Pt    Temp 

 

Differential       Enthalpy 

Appears 
Functional?  

Y        N 

N/A 

Responds to 
Cold Spray? 
Y      N 
 

 

Any rooftop heat sources that affect performance? p No p Yes – describe below 

Any air leaks around curb connection p No p Yes – describe below   

Is unit accessible for maintenance? p Yes   p No – describe below 

Describe general unit condition: p Good p Average  p Poor – describe below 

Describe general duct system condition p Good p Average  p Poor p Not Observable – 
describe below 

Describe general cleanliness of system p Good p Average  p Poor – describe below 

Describe filter condition p Good p Average  p Poor – describe below 

Age of HVAC unit: _____ 

Outdoor air intake free from blockage or obstruction: (boards, leaves, vegetation, snow, 
etc.)? 

Notes: 
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TrueFlow Volumetric Air Flow Measurement  

Install Flow Grids, Reset Outside Air as Found, Mea sure with Coils Wet 
 

Grid  Size  

(circle) 

SA Test SP (Pa)  

(Test Pressure) 

Flow Grid 
Delta P (Pa) 

Flow Grid CFM 

1 # 14  # 20    

2 # 14  # 20    

3 # 14  # 20    

SA Operating SP 
(Pa) 

 Replace flow grids with filters while unit is still  
operating, record Supply Air Static Pressure and 
Total External SP 
========================================
����  

Total External SP 
(Pa) 

 

Fan Operating Data - Fluke 39 Power Meter 

Unit in Fan Only Mode (wet coils)  
 

 Fan only Comments 

Volts1 Ph-Gnd   

Volts2 Ph-Gnd   

Volts3 Ph-Gnd   

Amps1   

Amps2   

Amps3   

Power 1   

Power 2   

Power 3   

PF1    

PF2    

PF3    
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 Test Data       Compressor #:______ 
(add sheet if multiple compressors) 

 

 Test data Initial Test Test After 
Repairs 

Notes 

A Minutes unit in operation*    

B Condenser Air Entering Temp*  

(Close to ambient temp) 

   

C Return Air Wet Bulb Temp* 

(Less than Dry-Bulb, C) 

   

D Return Air Dry Bulb Temp* 

(Close to room temp) 

   

E Supply Air Dry Bulb Temp*    

F Supply Air Wet Bulb Temp*    

G Suction Line Temp*    

H Evaporator Saturation Temp* 

(Less Than or equal to SLT) 

   

I Condenser Saturation Temp* 

(Greater than Condenser Entering) 

   

J Liquid Line Temp* 

(Between Condenser Entering and 
Condenser Saturation Temperature) 

   

K Suction (low side) Pressure (psig)*    

L Discharge (high side) Pressure (psig)*    

 Volts1 Ph-Gnd    

 Volts2 Ph-Gnd    

 Volts3 Ph-Gnd    

 Amps1    

 Amps2    

 Amps3    

 Power 1    

 Power 2    

 Power 3    

 PF1     

 PF2     

 PF3     

* These Measurements are performed with Honeywell S ervice Assistant  
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 Photo Checklist 
(Include a card with the unit number in each picture) 

Location Done  Notes 

Unit  r   

Filter Bank r   

Evaporator Coil r   

Drain Pan (if not already captured) r   

Thermostat (if applicable) r   

Duct system (if possible) r   

Inside of Classroom r   

Outside of Classroom r   

Area around Classroom r   

Meter Installation r   

 

Logger Installation 

 
Logger # Serial number Location 

1   

2   

3   

4   
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Classroom Interior Characteristics 
 

Observation Answer Comments 

Grade Level?   

Classroom size (sf)?   

Portable or Traditional?    

Number of Stories?   

Number of Exposed Walls?   

Floor Level? Below Grade, Ground, 2nd story, 
3rd story or more 

 

Window Characteristics  

(operable, frame type, number 
or panes, tinting, coatings, 
OPEN OR CLOSED, shadings 
or overhangs)? 

Window 1: 

 

Window 2: 

 

Window 3: 

 

Window 4: 

 

Window 5: 

 

Window 6: 

 

 

Door open or closed (location)? Door 1: 

 

Door 2: 

 

 

Mark all that are present? Chalkboard, whiteboard, fan, 
computer(s), microwave, 
refrigerator, sink,      copy 
machine, plants,                pets, 
Water Stains,             Mold 

 

 

Additional Load or IAQ 
considerations (Animals, 
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Aquariums, art supplies or 
other)? 

Wall Characteristics? 

 

  

Flooring Type? Cleanliness 
(good, fair, poor)? 

  

General cleanliness of room 
(good, fair, poor)?  

  

Ceiling type? Condition? Good, Fair, Poor  

Suspended ceilings? Yes, No  

Indoor Source of Water?   

Time Microbial Samples Taken   

Students present Yes  

Classroom Exterior Characteristics 
Observation Answer Comments 

Clean walk-off mats at every exterior 
entrance? 

Yes, No  

Roof Condition? Good, Fair, Poor  

Are any of these within 50 feet of the 
classroom? (mark all that apply): 

  

 

parking lot or 
roadway loading dock flue exhaust 

garbage 
dumpster 

art room shop cafeteria science lab 

custodial room bathroom standing water   
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Director of Facilities Questionnaire 
 

 

 

Dear Director of Facilities:  

Your district is participating in a study designed to determine if ultraviolet light in the “C” band 
(UVC) is effective in reducing HVAC-related mold and bacteria, thereby improving indoor 
environmental quality (IEQ) and producing energy savings.  RLW Analytics, Inc. (RLW) is 
conducting this study on behalf of the California Energy Commission (CEC) to learn more 
about the potential impact of this technology in California K-12 schools.  You have been 
chosen to participate because you play an important role in facility oversight at your school.  
The study will be conducted on classrooms and systems that are served by either packaged 
rooftop or exterior, wall-mount “Bard” air conditioning units. 

Please assist us in this research by completing the attached "Director of Facilities 
Questionnaire.” It should take about 20 minutes. Then, return the questionnaire in the sealed 
in the white envelope or fax it to my attention at: 707-939-9218.  All of your responses will be 
kept strictly confidential.  

In addition, in the next few weeks I will be visiting your campus to take some engineering 
measurements and biological samples in six HVAC units and the classrooms the units serve.  
We are asking that you assist me in identifying classrooms that qualify for inclusion in the 
study and provide me with access to the HVAC units and classrooms when necessary.    

Prior to my visit, I will need some specific information regarding the make, model number, 
and type of air conditioning units at your facility.  It will be helpful if this equipment data is 
gathered and sent to me within the next two weeks.  It’s fine to fax or email it to me; 
whichever is most convenient.  

If you have any questions about this study, please call me at 1-800-472-6716, ext. 15 or Mr. 
Eric Stubee, of the CEC, at (916) 654-4861.  It is only with the help of individual districts and 
schools, such as yours, that this research can be successful and provide results that are 
accurate and useful. Thank you for your assistance and participation. 

 

Sincerely, 

 

 

Mr. Pete Lewis 

Project Coordinator 

RLW Analytics, Inc. 

1055 Broadway, Suite G 

Sonoma, CA 95476 

707-939-8823 ext.15 
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Q1. How many total classrooms are at the school? 

Q2. How many of the classrooms are portables 

Q3. How old are the portables? 

Q4. How many students are at the school? 

Q5. What is the typical number of students in a classroom? 

Q6. What is the maximum number of students in a classroom? 

Q7. When was the main building constructed? 

Q8. When was the last major renovation? 

Q9. Do you have an Energy Management System (EMS) at this school? 

Q10. Does this school have an HVAC maintenance contract?  Who is responsible for HVAC 
maintenance? (List name and phone number of HVAC Service Company or entity responsible for 
HVAC maintenance) 

(i.e. School staff, District staff, Contractor, None) 

 

Q11. Do the HVAC units at this school undergo regular inspection and maintenance? 
(REPETITIVE?) 

Q12. If Yes, how frequently are the following items inspected and maintained: 

Items 

Frequency  

(monthly, 
quarterly, 
annually, more 
than annually, as 
needed, never) 

Date of 
last 
cleaning / 
change 

Remarks  

Outdoor air damper setting     

Coils cleaned     

Condensate pan and drain      

Air filter replaced     

Freon charge checked      

Heat exchanger checked    

A/C unit interior visual inspection    

 

Q13. How often have the floors in the classrooms been swept, damp mopped, or vacuumed 
by a facilities person in the past four weeks? 

Daily 

At least once a week 
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Once every two weeks 

Once every three weeks 

Once a month 

Less than once a month 

Not sure 

Q14. Who is responsible for the thermostat temperature settings  

Teachers/Students 

Administration 

HVAC Service Company 

District EMS    

Central office    

Other (list) ______________ 

Q15. What is the typical thermostat setting during classes (degrees F): 

Cooling: 

Heating: 

Q16. Are thermostats usually set back or shut down during unoccupied periods (circle all 
that apply)? 

Never  

Nights  

Weekends  

Holidays  

Summer vacation 

Q17. What is the daily start time of the system on school days: _____ 

When first class starts  

When teacher arrives  

1-2 hours before classes start 

Different for each room 

Q18. Have there been any of the following complaints at this school in the last year?  

  Yes/No 
Classroom  
Number Explanation 

Roof leak      

Plumbing leak or flood      

Air quality/odor      

Mold      
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Temperature      

Noise      

Q19. Nearby areas or typical activities (within 1/4 mile – circle all that apply): 

Roadways: Commercial: Agriculture: Diesel engines: Waste facilities: 

busy intersection(s) service stations livestock school buses sewage treatment 

congested streets heavy industrial row crops transit buses municipal waste 

freeways light industrial orchards trucks composting 

dirt or gravel roads truck route or depot fields w/exposed soil trains recycling 

serpentine road cover rail route or depot  farm equipment none 

none none none generators  

Q20. Are there any other local activities that might affect the IAQ at this school? 

 

 

Q21. What are your three most pressing energy or air quality needs or issues? 
 

Rank Issue Remarks 

  Stuffy classrooms  

  Complaints of illness due to stale air  

  Reducing energy costs  

 Outdoor air ventilation rate in classrooms  

 Complaints regarding respiratory irritation  

 Asthma or other respiratory attacks  

 Air filtration  

 Noxious odors in classrooms  

 Mold in classrooms  

 Poor attendance due to air quality issues  

 Outside pollution, exhaust, etc. in the classroom  

 Mold in A/C system  

 Too hot or cold in classrooms  

 Drafty classrooms  

 Allergies  

 Control of thermostat settings  

 Heating / combustion equipment fumes  

  Conflicting Occupant Demands  

  Untrained Maintenance Staff  

  Other______________________________  
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  Other______________________________  

  Other______________________________  

Q22. What, if any, are the barriers preventing your school from meeting these needs 

 

 

Can you help us identify the classrooms that are most appropriate for this study?  The 
classrooms and air conditioning units selected should be identical or nearly identical in 
type and usage. (Discuss study parameters with director of facilities and identify 
specific rooms and model numbers for the units) 
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Teacher Questionnaire 
 

 

Dear Teacher: 

 

Your district is participating in a study designed to evaluate a new technology that is 
going to be installed in your air conditioning system to benefit the occupants of your 
classroom.  The manufacturers of the technology claim that it cleans the air of fungi 
and bacteria, creating a healthier environment for both teaching and learning.  A 
second claim is that the technology helps save energy by making the HVAC systems 
run more efficiently.  RLW Analytics, Inc. (RLW) is conducting this study on behalf of 
the California Energy Commission (CEC) to learn more about the potential impact of 
this technology in California K-12 schools. 

In the next few months, I will be visiting your school two times to take engineering 
measurements and biological surface samples in the air conditioning unit serving 
your classroom.  I will also be writing down some general classroom observations 
such as the presence of aquariums or computers, the condition of the flooring and 
ceiling, etc.; the observations will be used to support our energy and absenteeism 
analysis.  I will make every effort to be as inconspicuous as possible.  

Please assist us in this research by completing the attached "Teacher 
Questionnaire.” It should take about 20 minutes. Then, return the questionnaire in the 
white envelope or fax it to my attention at: 707-939-9218.  Please sign the attached 
confidentiality agreement and be assured that all of your responses will be kept 
strictly confidential.  

If you have any questions about this study, please call me at 1-800-472-6716, ext. 15 
or Mr. Eric Stubee, of the CEC, at (916) 654-4861.  It is only with the help of 
individual districts and schools, such as yours, that this research can be successful 
and provide results that are accurate and useful. Thank you for your assistance and 
participation. 

 

Sincerely,   

 

 

 

Mr. Pete Lewis 

Project Coordinator 

RLW Analytics, Inc. 

1055 Broadway, Suite G 
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Sonoma, CA 95476 

707-939-8823 ext.15 
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Q1. What is the typical thermostat setting during classes? (in degrees F):  

Heating: _____ 

Cooling: _____ 

Q2. What is the daily start time of the heating/cooling system on school days: _____ 

Q3. When is your thermostat usually set back or shut down (circle all that apply)? 

Never  

Nights  

Weekends  

Holidays  

Summer Vacation  

Don't Know  

Not Applicable 

Q4. In what month do you… 

start using the heat? : _____ 

stop using the heat? : _____ 

start using the A/C? : _____ 

stop using the A/C? : _____ 

Q5. Who has access to and controls the thermostat?  

I can adjust it 

Both myself and the students adjust it 

It is kept locked 

It does not work 

Q6. How long have you worked in this classroom? 

Q7. On average, how many students were in the classroom while you were teaching in the 
past four weeks? 

Q8. Are there any classes or classrooms that have a consistently low attendance? 

Q9. How often do you open windows  for natural ventilation, in general? 

Rarely 

Most of the time 

Occasionally 

All of the time 

Frequently 
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None operable 

Q10. How often do you open doors  for natural ventilation, in general? 

Rarely 

Most of the time 

Occasionally 

All of the time 

Frequently 

None operable 

Q11. Characterize each of the following as it applies to your room: 

  Good Fair Poor Comments 

Ability to maintain desired 
temperature   

 
 

Air conditioning power     

Overall comfort level     

 

 

Q12. What are your three most pressing air quality issues? 

Rank Issue Comments 

  Stuffy classrooms  

  Complaints of illness due to stale air  

 Outdoor air ventilation rate in classrooms  

 Complaints regarding respiratory irritation  

 Asthma or other respiratory attacks  

 Air filtration  

 Noxious odors in classrooms  

 Mold in classrooms  

 Poor attendance due to air quality issues  

 Outside pollution, exhaust, etc. in the classroom  

 Mold in A/C system  

 Too hot or cold in classrooms  

 Drafty classrooms  

 Allergies  

 Control of thermostat settings  

 Heating / combustion equipment fumes  

  Conflicting Occupant Demands  
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  Untrained Maintenance Staff  

  Other______________________________  

  Other______________________________  

  Other______________________________  

Q13. What, if any, are the barriers preventing your school from addressing these issues? 

 

Q14. Have you observed any of the following in your classroom? 

  
Yes, in the past 
month 

Yes, 1 to 6 
months ago 

Not in the 
past 6 
months 

Evidence of mold       

Water stains on wall, floor, carpeting or 
ceiling?       

Leaky roof       

Flooding       

Airborne debris or dust    

Q15. In the last year, have any of your students or other room occupants (i.e. yourself, 
aides, volunteers) complained of illnesses due to the air?  (Note: All information is 
strictly held as confidential.) If yes, please describe.  During the last month , while 
working in this classroom, how often have you experienced each of the following 
symptoms?   

Q16. What happened to this symptom when you were AWAY FROM WORK (use codes 
below)? 

W = The symptom got worse 

S = The symptom stayed the same 

B = The symptom got better 

Q17. How about in the last six  months?   

Symptoms 

Days in last 
month 

Q15 

When away from 
classroom 

Q16 

# of days in 
last 6 months 

Q17 

When away from 
classroom 

Q17 

Asthma     

Allergies     

Dry, itchy, puffy, or irritated 
eyes 

   
  

Headache      

Migraine     

Unusual tiredness, fatigue, 
or drowsiness 
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Congested, runny, or dry 
nose 

   
  

Chronic bronchitis     

Cold or flu      

Fever      

Chest tightness      

Cough      

Sore throat      

Upset Stomach     

Dizziness or faintness      

Difficulty concentrating      

Skin – Dry, itchy, flaky, or 
irritated 

   
  

Other:      

 

Q18. May we contact you if we need to clarify some of your responses?  If yes, what is the 
best way to reach you? 

Q19. May we contact you at the conclusion of our study period to determine if any of your 
responses to the above questions has changed?  

 

 


