Effectiveness of UVC Surface
Disinfection in California K-12
School Air Conditioning Systems
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Presentation Outline




UVC Overview

In hospitals, water sanitation, and food
service for over 40 years




UVC for AC Overview

Device components are similar to a fluorescent fixture:

Lamp
— Special chemical blends and tubes that perforiomirtemperatures

Pin-Based Socket
Ballast
Weather Proof Electrical Enclosure




UVC for HVAC Benefits

treatments of cooling coll

Improved cooling efficiency through improved heat

exchange and increased air flow across the cooling
coill
— Energy savings




Genesis of the Study




Study Goals & Methodology

attendance (ADA) — not complete

Side by side, pre vs. post installation
measurements on similar AC units (same model|
number, size, and grade level in classroom)

Two treated groups and a control group



Study Design

Manufacturers installed systems at no cost
3 air conditioning units per group, 18 groups
total

6 week study period commencing in August
2005




System Installation Issues

Lamp orientation to coll fins
Upstream versus downstream locations
Approximate equipment cost $300-600
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Microbiological Sampling
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Percent Reduction in Number of CFUs
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Airflow Measurements

Orifice plate flow meter

Readings taken with new air filter in place
Power Measurements

Instantaneous power (kW)

Refrigerant Measurements
Service Assistant Tool

Air Temperature Measurements
Wet and dry bulb, before and after evaporator coill










Percent Change in Measured Airflow
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15|Control Group -0.47% 3.70%
16|A 0.92% 2.05%
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Cooling delivered was estimated from
refrigerant energy balance across condenser

Energy balance of air across evaporator coill
was used where refrigerant data were not
available

Evaporator energy balance used flow meter results
and air temperatures




Field operating efficiency normalized to ARI
standard conditions, 95 F ambient and 67 F
evaporator entering wet bulb

Manufacturer’s performance curves used for
normalization

Standard DOE2 Packaged DX curves as
alternative

Post tests performed on cool days near limits
of performance curves




Percent Change in Normalized EER
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Percent Change in Normalized EER
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A 11 -2.94% 3.27%
B 11 -0.29% 3.89%




Greater study population

Increase cooling coll surface sample quantities
and locations — multiple samples

Back-up instrumentation
Immediate data quality control via telephone

Take pre and post measurements at similar
conditions




rradiation efficacy as a function of UVC lamp
nosiItion
UVC output degradation over time

Relative contribution of AC system microbial
growth to total indoor contaminant load

Time needed for UVC to penetrate through
fins entirely







Cleaning supplies present in classroom
Stained ceilings in some classrooms
Carpets in many classrooms

No door mats at entry somerooms
Water pooling near outdoor air intakes
Dirty roofs

Debris and dirt laden cooling colls
Bypass around air filters
Low filtration efficiency air filters










e
Conditions Near Outside Air Intakes




]
Conditions of Coil and 6 Week Old Filters




