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Tools and Applications
Available technology can be 

applied to make buildings grid 

friendly. Applying this technology 

requires applications, guidance, 

tools, and training. This is a role 

where ASHRAE with its 57,000+ 

members and its fellow industry 

association partners can play a 

leading part. Some of the tech-

nologies identified at the workshop 

include:

 • Courses on what a GEB is, both 

for the design professional and build-

ing owners and operators;

 • Leveraging integrated design to 

deliver a grid-friendly building;

 • Operating a building to be grid 

friendly;

 • Electrochemical and thermal 

energy storage for energy storage;

 • Leveraging passive and active 

building envelopes for load balanc-

ing;

 • Developing building controls 

strategies that are grid friendly;

 • Applying smart grid protocols to 

building design and operation;

 • Considering cybersecurity in 

building design and operation; and

 • Grid-friendly applications for 

existing buildings.

The next steps are to further 

define and prioritize both the 

research and the application tools 

in the next few months. The results 

of this effort will be published in 

an issue of the ASHRAE Journal. The 

analysis will also be shared with 

the ASHRAE Board of Directors and 

the Research Advisory Committee 

as they consider their respective 

strategic plans, DOE, and leading 

national labs such as NREL. 

Changes in IAQ Caused By Corona 
Discharge Air Cleaner

The IEQ Applications column 

entitled “Changes in IAQ Caused By 

Corona Discharge Air Cleaner,” pub-

lished in the December 2018 ASHRAE 

Journal, in my opinion has multiple 

challenges with the test methods 

employed, presentation of results, 

and conclusions reached by the New 

York State Department of Education.

First, there are multiple means of 

generating ions that result in vary-

ing levels of ozone. Most manufac-

turers can provide documentation 

regarding the level of ozone their 

particular technology generates. The 

authors of this article do not men-

tion which manufacturer’s product 

they tested or the level of ozone the 

device generates.

Second, the authors do not state 

whether they collected data for 

ozone, relative humidity, tem-

perature, VOCs, aldehydes, and 

acetone from the outdoor air dur-

ing the testing. For this reason, it is 

impossible to determine whether 

outdoor pollutant sources active 

during the testing time period 

could have impacted the results.

Third, technology exists that 

would allow for counting of ion 

levels in the space. Manufacturers 

of these devices typically will indi-

cate what the ion level needs to be 

to have a meaningful impact on 

contaminants. Ion levels were not 

measured before or during the test, 

in the space or outdoors, and the 

authors appear to have assumed 

the corona device tested was creat-

ing a level of ions that could impact 

the contaminants being monitored. 

Without this information it is 

impossible to determine if the 

device was operating as intended by 

the manufacturer.

Fourth, most of the technologies 

used to generate ions are not known 

for creating any contaminants other 

than ozone. The authors do not 

state this fact, and yet contaminants 

other than ozone were measured 

to have increased when the device 

was turned on. Assuming the device 

did not generate those other con-

taminants, what caused them to 

increase? This is an unanswered 

question.

Finally, CARB has two standards: 

a one-hour average of 0.09 ppm 

(90 ppb) and an annual average of 

0.07 ppm (70 ppb). The ozone levels 

reported during all test conditions 

are below these levels (maximum of 

34.8 ppb and minimum of 15 ppb). 

However, the authors left readers 

with the impression that the device 

had created unacceptable levels of 

ozone in the space.

Having implemented bipolar 

ionization in multiple facilities 

throughout my career and having 

been involved in pre- and post-

installation IAQ testing, I can attest 

to the effectiveness of bipolar ion-

ization when properly designed 

and implemented. In my opinion, 

ASHRAE and the authors have 

done a disservice by reporting on a 

poorly designed and executed test. 

There are multiple manufactur-

ers and industry experts who could 

have assisted and supported the 

authors in their pursuit of trying to 
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understand this type of technology 

and the meaningful benefits it can 

provide.

Ellis G. Guiles, P.E., Member ASHRAE, Wayne, Pa.

The Authors Respond
We thank Mr. Guiles for his com-

ments. Our article describes a 

method of measuring the changes in 

indoor air quality caused by corona 

discharge. The study was designed 

and executed in collaboration 

with the manufacturer of the air 

cleaner. New York State Education 

Department (NYSED) requested 

the study and New York State 

Department of Health (NYSDOH) 

executed the air monitoring, sam-

pling and analysis of the indoor air 

quality. The vendor and manufac-

turer installed the corona discharge 

air cleaner in the classroom unit 

ventilator and made all the adjust-

ments for each phase of the study.

Mr. Guiles argues the configura-

tion of the corona discharge affects 

the emission of ozone. Ozone is 

one of the reactive oxygen species 

(ROS) that may be formed by corona 

discharge in air; other ROS include 

hydroxyl radical and superoxide 

anion. The relative proportions of 

the different ROS may be varied by 

changing the configuration of the 

corona discharge, but we leave it 

to others to demonstrate a corona 

discharge that won’t form any ROS 

in air. As noted in our article, the 

manufacturer’s marketing literature 

stated this system does not form 

ozone.

Mr. Guiles questions whether the 

outdoor air conditions influenced 

the indoor air quality (IAQ).

There are no significant sources of 

aldehydes or acetone in this subur-

ban location. Winter concentrations 

of ozone are very low and daytime 

levels may increase when ozone is 

formed by sunlight, but Figure 1 

shows the concentration of indoor 

ozone rose during the nighttime 

period when the corona discharge 

was turned on. This study was inter-

nally controlled so that we compared 

the IAQ when the air cleaner was 

operating against conditions when it 

was turned off. Table 1 and Figure 1 

clearly show that indoor air con-

tamination increased when the air 

cleaner was operating compared to 

when it was turned off.

Mr. Guiles suggests that ion lev-

els should have been monitored to 

validate the operation of the corona 

discharge system. The manufacturer 

and vendor were engaged through-

out this study and at no time did 

they suggest their air cleaner was 

faulty, nor did they recommend 

measuring the ion levels.

However, if ion levels were ele-

vated when the corona discharge 

was operating that would have been 

interpreted as another increase in 

the indoor air contamination.

We are dismayed by Mr. Guiles’ 

assertions that: 1) corona discharge 

doesn’t create any contaminants 

other than ozone, and 2) there are 

no mechanisms for the forma-

tion of indoor air contaminants. 

We cited two papers to provide 

readers with excellent summaries 

of corona discharge and indoor 

ozone chemistry (Goldman at al. 

1985 and Weschler 2000). Those 

two papers reference some of the 

many scientific and technical pub-

lications that describe in detail 

corona discharge and reactions in 

indoor air. This column described 

the methods that we designed to 

measure the contaminants that are 

well-known to form during these 

processes.

Mr. Guiles refers to the California 

Air Resources Board (CARB) 

Ambient Air Quality Standards for 

ozone, which is an outdoor air stan-

dard, not an indoor air standard. 

The more applicable CARB regula-

tions, those for ozone emissions for 

portable indoor air cleaning devices, 

were not relevant to our evaluation 

of the corona discharge air cleaner. 

The vendor claimed their system 

would satisfy the requirements for 

the Exception in Mechanical Code 

403.2. No numerical standards 

for any specific air contaminant 

apply in the Exception. Our study 

demonstrated that indoor air con-

taminants increase when the corona 

discharge is operating in the ventila-

tion system. NYSED used this data to 

respond to the vendor’s claims. This 
air cleaner system, installed and 

operated by the manufacturer in a 

classroom, does not comply with the 

requirements of Mechanical Code 

403.2.

Finally, Mr. Guiles attests “to the 

effectiveness of bipolar ioniza-

tion when properly designed and 

implemented,” but did not share 

the IAQ parameters upon which this 

experience is based. In broad terms, 

we concur that properly designed, 

installed and operated corona dis-

charge air cleaners may be appro-

priate in some settings. This study 

describes a method for evaluating 

air cleaning systems when they are 

installed in ventilation systems to 

establish whether they meet indoor 

air quality requirements for specific 

settings, in this case a school.
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