PennFuture Model Data Center Ordinance Sound Provision Update
Overview

Many ordinances, including PennFuture’s first draft model data center ordinance, regulate
noise using a weighted measurement called dB(A). This measurement is designed to evaluate how
damaging a sound would be to human hearing and, since higher frequencies (higher-pitched
sounds) are more damaging to our ears, it emphasizes those frequencies while de-emphasizing low
frequencies.

While dB(A) measurement is an effective tool for the kind of noise that ordinances are
typically designed to address, like loud parties, a simple dB(A) measurement does not accurately
capture the kind of low frequency hum that is the main cause of noise complaints from data centers
and similar facilities. It is effectively “deaf” to these tones. The result is that a data center may
meet the requirements in an ordinance but still create a disruptive and harmful level of noise.
Below is a discussion of this issue and suggested ordinance language to remedy it.

A-Weighted Measurement

Sound level is a measurement of the pressure or intensity of a sound wave, which is
perceived by humans as the sound’s volume. Sounds with higher sound levels sound louder than
those with lower sound levels. The unit of measurement used for sound level is decibels (dB). The
decibel scale is a logarithmic scale, which means that, for every 10 dB increase in sound level, the
sound energy increases by a factor of 10. Thus, a 30 dB sound has 10 times the sound energy of a
20 dB sound and 100 times the energy of a 10 dB sound. Each 10 dB increase also corresponds to
a doubling of the perceived loudness of the sound.

Another characteristic of sound is frequency, which is the number of times per second that
a sound wave repeats itself. Frequency is perceived by humans as a sound’s pitch, with higher
frequency sounds sounding high-pitched and lower frequency sounds sounding low-pitched. The
unit of measurement for frequency is Hertz or Hz.

Almost all sound is made up of many different frequencies, and each of these frequencies
may have a different sound level. One way of measuring overall sound level is to simply measure
the level of all the sound occurring at once, without respect to frequency, resulting in a single dB
measurement called a “zero-weighted” or Z-weighted measurement. However, this is uncommon.
Sound meters usually apply a filter or weighting system to this measurement that adjusts the sound
measurements for certain purposes.

The most common type of weighting system is A-weighting, which results in
measurements expressed in dBA or dB(A). The A-weighted scale is designed to adjust sound
measurements to better reflect how the human ear hears sounds. Because humans do not hear very
low frequency or very high frequency sounds very well, the A-weighting scale de-emphasizes
these sounds. It does this by reducing the sound level measurement for low- and high-frequency
sounds while minimally adjusting (if adjusting at all) the sound level measurement for frequencies
near the center of the human hearing range. For example, a 100 Hz sound with an unweighted
sound level of 50 dB(A), would have an A-weighted level of 31 dB(A) because the A-weighting
scale adjusts the level of this low-frequency sound down to reflect that it sounds less loud to the
human ear. By contrast, a 1000 Hz sound with the same unweighted sound level of 50 dB would
have an A-weighted level of 50 dB(A) because it is near the center of the human hearing range
and is therefore not adjusted by the A-weighting filter.
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To get the overall A-weighted sound level for a range of frequencies, the level for each
frequency or band of frequencies is added up logarithmically. However, because the A-weighted
scale minimizes or ignores high- and low-frequency sounds, the result can be an overall sound
level measurement that does not accurately account for these sounds. While this may be
appropriate for the types of situations that noise ordinances are typically designed to address, it
creates a problematic blind spot when it comes to data centers and similar uses where low-
frequency noise is the main cause for concern. This can be a problem because long-term exposure
to low-frequency noise can cause discomfort and annoyance and even health impacts such as
cardiovascular disease, sleep disorders, and high blood pressure.

For this reason, ordinances that rely solely on an overall A-weighted sound level
measurement to determine whether a use’s noise level is acceptable can potentially allow
unacceptably annoying or harmful noise to occur while still technically complying with the
ordinance. The remainder of this document discusses potential alternative approaches.

“Band” Frequency Analysis

One way to better identify problematic sounds is to separately analyze different “bands” of
frequencies rather than looking at the overall sound all at once. A band of frequencies is simply a
range of frequencies that can be broken out and analyzed separately. The first type of band analysis
is called octave band analysis or 1/1 octave band analysis. In this type of analysis, each band of
frequencies spans one octave and is identified by the frequency at the center of the octave. For
example, the 250 Hz band includes frequencies between 178 Hz and 355 Hz. As the chart below
shows, an octave band analysis results in a separate sound level measurement for each one-octave
frequency band.

Because each frequency band may have a different sound level, breaking the sound
measurement down in this way can help identify more specifically where noise mitigation may be
needed. For example, in the chart below, we can see that the highest sound level, and thus the
loudest sound, is occurring in the 250 Hz frequency band. Therefore, to reduce the overall level of
sound, it will be most effective to target this frequency range.
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The 1/3 octave band analysis is similar to octave band analysis, but breaks the frequency
spectrum into even more, narrower, bands, each spanning 1/3 of an octave. This allows analysts to
pinpoint with even greater precision the frequencies where the greatest sound level is occurring.
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Narrow band frequency analysis uses the narrowest frequency bands, sometimes spanning
only 1 Hz. Narrow band analysis is particularly useful for identifying tones, which are sounds that
contain a high proportion of energy at a single frequency or narrow frequency band. For example,
the narrow band analysis shown below indicates tones at approximately 110 Hz and 220 Hz. Tones
can be produced by things like fans, compressors, and other mechanical equipment often present
in data centers and may be perceived as a hum, drone, or whine. Tonal noise is generally more
noticeable and more annoying than non-tonal noise of the same level or loudness, so identifying
and mitigating tones is essential to ensuring that data centers and other similar uses do not create
nuisance noise. Octave band and even 1/3 octave band analysis can miss or minimize the presence
of tones, which is why narrow band analysis is an important component of effectively analyzing
and regulating data center noise.

Ordinance Language Addressing Tonal Noise

To ensure that ordinances effectively capture the type of sound likely to cause disruption
from a data center, PennFuture recommends the following ordinance language.
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1. The applicant shall demonstrate through a sound study conducted by a professional
acoustical expert that the sound generated by a Data Center and/or Data Center
Accessory Uses during normal operations shall be limited to a maximum daytime (7:00
a.m. to 8:00 p.m. Monday-Friday) decibel level of 67 dB(A) and a maximum nighttime
and weekend (8:00 p.m. to 7:00 a.m. Monday-Friday and all day Saturday and Sunday)
decibel level of 57 dB(A) as measured from the property line of the use. Such sound
study shall be conducted using Sound Level Meters described in ANSI S1.4-2104 and
generally accepted methodology. A sound study shall be conducted at the following
phases:

a. A preliminary study shall be conducted as part of the land development
approval process. The preliminary sound study shall include recommended
sound reducing materials or systems as needed to meet the aforesaid sound
limits.

b. An interim sound study shall be conducted during the building permit approval
process based upon the proposed user or users of the Data Center and Data
Center Accessory Uses depicted on the building plans. Any sound reducing
materials or systems recommended by interim sound study shall be
incorporated into the construction plans for the use.

c. An as-built sound study shall be conducted six months after issuance of the
certificate of occupancy and prior to the final escrow release for any land
development phase. An as-built sound study may also be required thereafter by
the [municipality]. If it is determined by the as-built sound study that there is a
violation of the aforesaid noise limits, it shall be considered a violation of this
Ordinance.

2. Tonal noise penalty.

a. Each sound study shall include a narrow band frequency analysis for the
purpose of identifying audible tones generated by the use. Audibility of tones
shall be calculated in accordance with International Organization for
Standardization Technical Specification (ISO/TS) 20065:2022 — Acoustics —
Objective Method for Assessing the Audibility of Tones in Noise — Engineering
Method.

b. If the decisive audibility of any narrow-band averaged spectrum is 10 dB or
more, a 6 dB penalty shall be applied to the overall A-weighted sound
measurement for purposes of determining compliance with Paragraph (1)
above.



