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ABSTRACT Grain dryers are an essential part of Ontario grain production. Dryers can produce 
significant dust and noise emissions. It is believed the numbers, types and usage of dryers have 
increased in Ontario, but no data exists. Increasing populations in some rural areas increase the 
potential for conflict between residential and agricultural land uses. There has been little study of 
grain dryer noise emissions. Information on dryers in Ontario, their usage and their noise and dust 
emissions, is needed by operators and policy makers to ensure needs of operators and neighbours 
can be met. This project sought to address these issues by surveying grain dryer operators to 
determine the types, sizes, geographic distribution and usage of grain dryers in Ontario. This 
information was used to inform a field campaign that measured sound levels and and particulate 
emissions at ten different grain drying facilities in Ontario, covering a range of dryer types and 
surroundings. The survey results provided a range of insights on grain drying in Ontario, including 
dryer types, fuel usage and concerns of dryer operators. The field measurements showed that 
surrounding structures such as grain bins affect the distribution of sound emissions at a distance 
from dryers, with greatest impacts in sound levels occurring close to the structures. It was also 
found that further examination of sound levels at greater distances from dryers (up to several 
hundred meters) may be warranted. The results of these surveys and measurements are being 
used to inform further studies in this ongoing project, with an overall goal of developing actionable 
best management practices to reduce the potential for noise and dust impacts on neighbours. 
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INTRODUCTION Grain dryers are an essential part of Ontario grain production. Dryers can 
produce significant dust and noise emissions. It is believed the numbers, types and usage of dryers 
have increased in Ontario, but no data exists. Increasing populations in some rural areas increase 
the potential for conflict between residential and agricultural land uses. There has been little study 
of grain dryer noise emissions. Information on dryers in Ontario, their usage and their noise and 
dust emissions, is needed by operators and policy makers to ensure needs of operators and 
neighbours can be met. This project sought to address this need through a two part approach. First, 
telephone and internet surveying of Ontario grain farmers, elevator operators and equipment 
dealers was used to determine the types, sizes, geographic distribution and usage of grain dryers 
in Ontario. Next, sound level and particulate emissions were systematically measured at different 
types of grain drying facilities in Ontario. The project is ongoing, with a goal of developing best 
management practices for installing and operating grain dryers to minimize noise and dust impacts 
on neighbours. 

Grain Dryer Noise Emissions Grain dryers and related equipment can be one of the most 
intense noise sources in agricultural operations (Humann et al., 2013; Holger, 1978). High sounds 
levels from agricultural operations are a concern for on-site agricultural workers. McCullagh (2002) 
reports that exposure to high levels of occupational noise and hearing loss are common in 
agriculture. Multiple studies over the last half century have consistently found higher levels of noise-
induced hearing loss among farmers than in similar non-farming populations. Over these time 
periods (and up to the current time) there has been little innovation or improvement in noise 
exposure in agricultural settings (Evans et al., 2004).  

The fan and burner in grain dyers have been observed to produce sound levels from 85 dBA up to 
112 dBA at a location 1 m in front of the dryer fan (Fraser, 2012).In Ontario, workers must not be 
exposed to time-weighted average sound levels greater than 85 dBA over an eight hour period (O. 
Reg. 381/15, 2020). Noise emissions can also have significant impacts on neighbouring land uses 
and residents. In Ontario, the Ministry of Environment, Conservation and Parks (MECP) provides 
guidelines for noise emissions from stationary sources, although exceptions are provided for 
agricultural applications (NPC-300, 2013). O. Reg, 381/15 and NPC-500 also provide guidance on 
requirements for sound level measurements for the purposes of regulatory compliance. 

Sources of grain dryer noise emissions include fans, burners and grain handling equipment (Ige 
and Finner, 1974). The Prairie Agricultural Machinery Institute evaluated and reported on a series 
of grain dryers in the 1980s (PAMI, 2020), and among the tested dryers, noise levels at the 
operator’s position were lower for units with centrifugal fans compared to those with axial fans. 
Noise from fans can often be directional, with higher intensities often associated with exposure to 
the fan intake. Modifying the fan intake with a muffler, often in the form of customized intake ducting 
that includes bends and baffles can reduce these peak noise emissions (Holger, 1978). 
Surrounding a fan with sound absorbing panels can also reduce emissions, whether the fan is fully 
enclosed (Holger, 1978) or only partially shielded (Fraser, 2012). Prior researchers have noted that 
grain loading or unloading operations can temporarily double sound emissions at operating dryers 
(Clarke et al.,1998).  

Since grain dryers often need to operate 24 hours per day during drying season, noise abatement 
by limiting operating times is not a recommended solution. Additionally, it has been noted that in 
many agricultural operations, actual use of personal hearing protection by workers is inconsistent 
(Evans et al., 2004). Therefore, if noise abatement is needed, measures that reduce sound 
emissions from the source without impacting dryer operations is recommended. 

The minimum needed distance between the grain dryer and neighbouring receptors (residents or 
land uses) is an essential planning tool. Typical background noise levels in rural areas is 50 dBA 
(Clarke et al., 1998). While air pollution emissions are typically evaluated at property lines for 
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compliance evaluation purposes, noise emissions are usually evaluated at receptor locations (e.g. 
window locations of houses) (Dony, 2020). 

During the design stage of a grain drying facility, Fraser (2012) lists a series of recommended 
design features to reduce noise emissions from the site, including using centrifugal instead of axial 
flow blowers, orienting blowers away from neighbouring receptors and shielding with other 
structures. Centrifugal fans typically have lower noise emissions, particularly in the frequency 
ranges most impactful to humans, and are recommended instead axial flow fans (Reinvee et al., 
2013). Fan mufflers can further reduce noise emissions (Holger, 1978; Ige and Finner, 1974). 
Sound absorbing panels near the fan can further reduce off-site sound levels: an on-farm test in 
Ontario showed sound absorbing panels near the fan inlet reduced surrounding sound levels by 8-9 
dBA (Fraser, 2012). Locating trees and plants between a dryer and a noise receptor can also 
reduce the sound levels at the receptor, in many cases providing a stronger feeling of noise 
reduction to affected persons than actually occurs (Yang et al., 2011). 

Grain Drying in Ontario The last significant study of grain dryer noise in Ontario was by Clarke 
et al. (1998). Measurements were taken at 14 Ontario farms with dryers In the fall of 1997, and data 
from 12 of these sites was analyzed. This study examined only farm-scale corn dryers (150 to 8800 
tons per season), not larger commercial facilities. Only one utilized a centrifugal fan, all others were 
axial flow. Large differences in sound levels and distribution were noted between the four types of 
dryers examined (continuous flow, bin, overhead batch and portable), resulting in different 
recommendations for orientation and operation depending on dryer type. These findings show that 
measurements and models for sound levels from one type of dryer should not be used to predict 
sound levels of different dryer types or configurations. Measurements from the range of dryer types 
operating in a region are needed, and it is expected that there will be different best management 
practices for minimizing noise emissions.  

Clarke et al. (1998) report measured sound levels around a series of different on-farm dryers 
measured in eastern Ontario. Fraser et al. (2012) describe a survey of sound levels surrounding a 
small grain drying installation in Ontario. Outside Ontario, available studies of sound levels 
surrounding operating grain dryers are few. Reinvee et al. (2013) conducted sound level surveys 
around four different grain dryers in Estonia. Sound level measurements should be recorded for 
one minute at each location, and then weighted averaged (Reinvee et al., 2013; Clarke et al., 
1998). Reinvee et al. (2013) recommended screening samples in the field for impacts due to 
transient noise by checking that the range between maximum and minimum intensity of the 
recorded values was less than 10 dBA.  

SURVEYS Telephone and internet surveys were conducted during the summer of 2021.  

Telephone Surveys Telephone surveys of farm equipment dealers and elevator operators were 
conducted first. Equipment dealers were identified by online presence (web pages) and 
suggestions from other dealers. Commercial elevators in Ontario must be registered with Agricorp: 
a recent list of Agricorp sites was used to identify potential elevators. Contact information was 
confirmed online through other sources. Positive, negative and no response contacts were tracked 
during the surveying process. A script was prepared to guide conversations. The script for calls to 
elevator operators was similar to the script for equipment dealers, with differences due to the 
different nature of each business (operating dryers versus selling and maintaining dryers). In 
practice, sometimes follow up questions or additional information would be requested. In some 
cases, certain lower priority questions were not asked if respondents had limited time. Several 
attempts over one to two weeks would be made to contact each potential respondent: respondents 
who could not be reached, or declined to participate in the survey, were noted. 
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Online Survey Methods Unlike equipment dealers and elevator operators, it is difficult to 
determine contact information for grain farmers. Grain Farmers of Ontario (GFO) reports 28,000 
grain farms in Ontario based on their membership information, however it was not known how 
many of those farms own dryers. It was also unknown what proportion are large cash crop 
operations, or smaller or mixed farming operations. 

Internet surveys were conducted to try to reach a sample of Ontario grain farmers. The surveys 
were targeted to dryer operators. A survey instrument with 15 questions was developed. A 
summary of the survey is attached in Appendix A. Respondents were asked to identify the scale of 
their operation and drying activity, which allowed categorizing whether a respondent was a farm 
(primarily drying their own crops) or an elevator (primarily providing drying services to others). 
Respondents were also asked about number and type of dryers (Fig. 1) they operated, provide 
information on quantities and types of crops dried annually, fuel types and use, and rate how 
important a range of issues were to them. Free response questions were also provided for 
additional comments 

 

Figure 1. Dryer categories used in this study. Images above were included in the online surveys.  

The online survey was advertised to potential respondents with targeted messages in the electronic 
newsletters and member communications of GFO, OABA, Ontario Soil and Crop Improvement 
Association (OSCIA) and OMAFRA’s Field Crop News blog. Advertising was in the form of short 
articles describing the survey, the need for grain drying information, noted that respondents would 
have the option to be included in a draw for $25 Tim Horton’s gift cards, and included the survey 
URL. Surveys were delivered through the University of Guelph-contracted Qualtrics platform. A 

Fan Only (No Heat) Heated Bin Dryer 

Batch Top Dry Continuous Flow 

Mixed Flow Tower 
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different URL was used with each advertising outlet to allow tracking of effectiveness of different 
communication channels. Responses were manually checked for evidence of multiple submissions 
from the same operation. Geographic distribution in Ontario was checked by mapping approximate 
(based on first 3 digits of postal code) location of respondents: both elevator and farm responses 
were distributed across the Ontario with reasonable representation in all main grain growing 
regions.  

It was found that respondents could be classified as farms (primarily drying own crops) or 
commercial elevators, with only a few cases requiring investigation to place in one of these 
categories. The results that follow are generally presented for farm and elevator cases separately. 

Online Survey Results Agricorp listed 381 licensed commercial elevator sites in Ontario: 32 
elevator operations (some representing multiple sites) responded to the survey. Respondents 
reported an average of 1.9 dryers per elevator operation, and an average of 1.45 million bushels 
dried annually per operation. 

There are 28,000 grain farmers in Ontario (GFO, 2022), although many farms do not have dryers: 
49 farmers responded to the survey. The respondents reported an average of 1.1 dryers per farm, 
and averaged 56,000 bushels dried annually per farm. 

Dryer Types Figure 2 shows types of dryers. Fans, bin dryers and batch dryers are generally used 
on farms, while larger tower and mixed flow dryers are usually located at commercial elevators. 

 

Figure 2. Dryer types reported by survey respondents. 

Dryer Fuels Almost all respondents reported using natural gas or propane to provide process heat. 
(Dryers also use smaller amounts of electrical energy to operate fans and controls.) Propane use 
was more common on farms, while fuel type was split at elevators. Respondents generally noted a 
preference for natural gas if it was available due to lower cost. Figure 3 shows that average 
estimated fuel costs per bushel of grain dried based on data reported by survey respondents was 
notably higher for propane than natural gas. Use of propane was generally associated with lack of 
availability of natural gas at a site.  
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Figure 3. Reported numbers of respondent dryers using each fuel source (left) and average cost of 

drying based on reported fuel costs and quantity of crop dried (right). 

Dryer Utilization It was found that average dryer utilization on farms was about half of the average 
dryer utilization at elevators. Figure 4 shows reported bushels dried per year versus drying capacity 
for each respondent. Linearly fitting this data gives overall utilization estimates. For every 100,000 
bu of annual grain drying, farms have 500 bu/h of drying capacity, while elevators have 240 bu/h of 
drying capacity. 

  

Figure 4. Reported drying capacity versus annual amount of grain dried, for farms and elevators. 

Concerning Issues for Dryer Operators Respondents were asked to rank a series of potential 
issues associated with grain dryer operation on a numeric scale from zero (no concern) to ten 
(“extremely concerned”). Results are shown in Figure 5. Concern about issues related to fuel costs 
and availability ranked highest, while lowest levels of concern were reported related to dust and 
noise. Figure 5 shows the mean value over all responses: for all issues listed, individual responses 
varied across almost the entire range from zero to ten, suggesting individual dryer operators 
specific concerns can sometimes be notably different than the mean responses. 
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Figure 5. Reported concerns categorized by elevators and farms. 

Overall Survey Discussion Since Clarke et al.’s (1998) study, size and types of dryers used in 
Ontario have changed. There are a wide range of dryer types, from in-bin natural dryers to large 
centralized continuous flow dryers (Bucklin et al., 2019), including new and upgraded models.  

The amount of on-farm permanent grain storage capacity in Ontario has been rising, from 
9,520,000 metric tons in March 2015 to 11,160,000 metric tons in March 2019 (StatsCan, 2019). 
This represents a storage capacity growth rate of 4%/year. It is likely that drying capacity has also 
increased. The last survey of grain storage and drying facilities in Ontario was completed in 1996 
(Clarke et al., 1998) and the survey report is not readily accessible. Clarke et al. (1998) reported 
there were close to 3000 grain dryers in the Ontario at that time.  

The online and telephone survey results for elevators were compared, and showed generally 
consistent agreement. The results were then extrapolated to estimate the total number of dryers at 
Ontario elevators using the Agricorp list and logged rates of positive, negative and no responses. 
(Correction was also made for cases where an entity listed with Agricorp reported no drying 
capacity, or not being an elevator operation.)  

The online survey results for farms were used to extrapolate to an estimated number of dryers on 
Ontario farms. The resulting estimates for farms have greater uncertainty since the total number of 
grain farms is less certain. (While respondents operating approximately half of all grain dryers at 
elevators in Ontario were contacted by phone or responded to the online survey, the response rate 
for farms was much lower: 49 respondents out of approximately 28,000 grain farms.) 

NOISE LEVEL FIELD MEASUREMENTS Measurements of ambient noise and particulate 
matter levels in the vicinity of ten different southern Ontario grain drying facilities were collected 
during the fall (October to December) 2022 drying season. In all cases corn was the grain being 
dried. The goal of these studies was to determine baselines of conditions at different distances 
(particularly 50 m and 100 m) from dryers, verify whether noise level decreases with distance 
squared, and observe the effect of obstacles such as grain bins, other buildings and trees on 
ambient noise. The following discussion presents some preliminary observations from this 
measurement campaign, however, additional targeted data collection and analysis are planned for 
the upcoming drying season to further clarify some of these observations. 
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Noise Measurement Methods Measurements were collected using portable field equipment 
affixed to two tripods that could be easily relocated by a single person. The first tripod supported a 
Bruell and Kajaer 2245 noise meter equipped with a foam microphone wind shield. The second 
tripod supported a TSI Dustrack ambient particulate matter (PM) meter, as well as a datalogger 
(Pace Scientific XR5-SE) with combined wind vane and anemometer (Davis Instruments) and a 
temperature sensor (Pace Scientific) within a radiation shield. Instruments were positioned at 1.0 m 
above ground. Wind direction was measured consistently by aligning the arm of the wind vane with 
the direction of the grain dryer. 

The calibration of the noise meter was checked before and after each field test using a Bruell and 
Kajaer field calibration unit. The DustTrak was factory calibrated by TSI immediately prior to the 
start of the field season. 

Before each field site visit, a series of potential measurement points were calculated using a 
custom-written spreadsheet to produce a series of points circularly distributed around the grain 
dryer at distances of 50 m and 100 m, plus additional radial transects. These points were mapped 
using Google Earth aerial imagery of the site and a list of positions was produced for use in the 
field. The GPS integrated into the noise meter was used to position the instruments at points farther 
(approximately 20 m or greater) from structures. Notably, significant errors in GPS-reported position 
(up to several meters) were observed for positions close to dryers, grain bins and other large metal 
structures. Instruments were positioned at these points based on the pre-mapped locations and 
relative position of structures and other features, without using the GPS. 

At each point, measurements of sound level were recorded for 60 seconds by the noise meter, then 
PM was sampled for 60 seconds by the Dustrak. These measurements were taken sequentially 
because the Dustrak air sampling pump produces audible sound and operates during the sampling 
period. Wind speed, direction and temperature were recorded continuously, and one minute 
average values were time-stamp matched to each noise and PM measurement during post-
processing. 

Overall Results Measurements were conducted at ten unique sites in southern Ontario between 
Oct. 14 and Dec. 2, 2021. Table 1 summarizes average noise levels observed during the 
measurement campaigns at distances of 50 m and 100 m, for each site where it was possible to 
take data at five or more different locations at the given distance. 

Table 1. Range of sound levels observed at distances of 50 m and 100 m from grain dryer at each 
site. 

  Sound Level (dBA; one minute average)  

  100 m 100 m 50 m 50 m Near Dryer 

Site Dryer Type Maximum Minimum Maximum Minimum Maximum 

A Top Dry 69 59 75 66 91 
B 2 Top Drys 73 54 79 61 99 
F Tower 64 48 69 55 91 
D Tower 66 56 67 64 84 
H Tower 66 48 71 65 96 
G Tower 67 58 85 58 94 
E Tower 68 56 85 64 99 
J Stack     81 64 106 

 

Building and Blockage Effects Noise levels were observed to decrease when grain bins or 
other buildings were located between the grain dryer and the observer. At all sites, there are 
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several, and sometimes many, grain bins adjacent to the dryer. At some sites, the dryer is almost 
completely surrounded by bins, while at others the dryer is on one side of the cluster of bins, so that 
at a distance from the dryer, there is blockage by bins in some directions while other directions 
have a direct view to the dryer. Many sites were also complex, and it was common for the presence 
of trees, unharvested fields, other buildings or adjacent land uses that prevented spatially 
consistent surveying of noise levels at a given distance (e.g. 50 m or 100 m) in all directions from 
the dryer.  

Qualitatively it was generally observed that the presence of bins and other buildings reduced noise 
levels at a specific distance from the dryer relative to directions without any buildings between the 
dryer and the observer. Reductions of 10 to 20 dBA were often observed at measurement points 
immediately behind a building with the grain dryer at some distance on the opposite side, compared 
to nearby measurement points at a similar distance with a clear, unobstructed view of the dryer. 
However, if the measurement point was moved further from the blocking building, even while 
keeping the building between the observer and the dryer, sound level reductions relative to nearby 
unobstructed points rapidly decreased. 

Site D was relatively open and flat in all directions from the dryer, and one of the few locations 
where it was possible to take measurements at a distance (in this case, 100 m) from the dryer in all 
directions. The tower dryer was mostly surrounded by a set of large (taller than the dryer) steel 
grain bins. Fig. 6 shows the measured noise levels at 100 m from the dryer in a range of directions 
from the dryer. At most points, grain bins are located between the observer and the dryer, with 
special cases indicated. The typical sound level in most directions from the dryer was on the order 
of 61 to 62 dBA. Radial location 6 corresponds to the direction that is unobstructed by bins or other 
structures, and has a direct line-of-sight to the dryer from the measurement location. Radial location 
8, with notably reduced sound level, is immediately adjacent to the side of a smaller out-building, 
while radial location 11 is near an outbuilding and in a location of local topographic variation in an 
otherwise relatively flat landscape. 

 

Figure 6. One minute average sound levels measured at different equally spaced locations on a circle 

with radius of 100 m centered on the grain dryer at Site D.  

Direct line of sight to dryer 

Beside outbuilding 

Large grain bins between 
dryer and observer 
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Distance from Source It is common to assume that grain dryers are a point source for sound, 
and that sound will propagate outward from the dryer in all directions. If L1 and L2 are sound levels 
at two points with distances d1 and d2 from the point source, then 

 𝐿2 = 𝐿1 − 𝑁 log10(𝑑2 𝑑1⁄ ) (1) 

where N is normally 20, as this is the value that corresponds to the theoretical inverse distance-
squared dependence of sound level with distance from a point source. This relationship was used 
(with N = 20), but not tested, by both Reinvee et al. (2013) and Clarke et al. (1998). 

At several sites, conditions allowed the measurement of sound levels at multiple distances along a 
radial outward from the dryer. Figure 7 shows the resulting one minute average sound levels 
recorded at these locations, as well as fits of equation 1 to each set of data. Note that Site A and 
Site B are the same location: two adjacent grain bins are each fit with top dryers with fans and 
burners located external to, and at the top of, the bins. For the Site A data, only one single dryer 
was operated, while for the Site B data, the second dryer is also operating. This two dryer 
arrangement, several other adjacent grain bins and the fact that both dryers are top dryers, with 
fans and burners located meters above ground, are the reasons why in both data sets, there are 
instances of increased sound levels at increased distances from the first dryer near the dryer. All 
other sites in Figure 7 are tower dryers. Site D – Transect 2 has a mass of grain bins located 
between the dryer and the closest measurement point. All other transects in Figure 7 are 
unobstructed, with all observation points having a direct unobstructed view of the dryer. 

Generally a grain dryer is assumed to be a point sound source and in equation 1 N is set to 20 to 
match the theoretical case of noise levels proportional to the inverse square of the distance from 
the source. Figure 7 also includes the value of N that was used for each fit (because it resulted in 
the best fit with the lowest mean absolute error between the data and fit curve). The results in 
Figure 7 show that in many cases N = 20 would give a near-optimum fit to the data, although for 
Site D and Site H, which include the two cases where measurements were taken at greater 
distances (out to 300 m) from the dryer, N values of 23 to 25 (i.e., greater than 20) provided more 
optimum fits. In these cases, this means that sound levels were observed to decrease at a greater 
rate than the inverse square of the distance. Put another way, extrapolating sound level 
measurements taken near the dryer to predict sound levels at greater distances would, in these 
cases, result in over-prediction of the sound level that would be observed at greater distances. The 
reasons for this are not completely clear, but it suggested that some additional sound attenuation 
may be occurring due to the proximity of the ground (which was generally harvested fields) to the 
sound waves reaching more distant observing locations. This effect will be further examined in the 
next set of field experiments. 

Discussion In 1997 Clarke et al. (1998) measured sound levels at a dozen dryers, all but one of 
which used axial flow fans. These are known to be louder than centrifugal fans or blowers of 
comparable capacity. This current study measured a series of sites, with larger tower dryers being 
most represented. Tower dryers usually have fans or blowers located more centrally, in a manner 
that doesn’t lead to the same direction-dependent high sound levels as observed by Clarke et al. 
(1998). It is also notable that the industry is generally moving away from the loudest types of axial 
fans in newer grain dryers of all sizes. Both the field measurements and surveys in this current 
study suggest that grain drying technology (and expected sound levels) have changed considerably 
since Clarke et al. (1998), and further study of current dryers and usage is warranted. 
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Figure 7. Example measurements of one minute average noise level (in dBA) at different distances 

from dryers. Sites identifiers correspond to entries in Table 1.  

CONCLUSION Historically, there has been little study of noise emissions from grain dryers, and 
most prior studies have focused on occupational exposure of on-site workers rather than sound 
levels at distances from dryers. This ongoing study is attempting to better understand noise 
emissions from grain dryers through a combination of surveying and field measurements. Surveys 
in the summer of 2021 showed a wide range of dryer types in use in Ontario, with larger types and 
the use of natural gas fuel associated with larger commercial elevators. Survey results also suggest 
that the numbers, types and use of grain dryers in Ontario is increasing. Field measurements of 
sound levels in the vicinity of ten different grain dryer sites in Ontario in the fall of 2021 showed that 
local configuration of dryers, surrounding grain bins and other obstacles can significantly impact 
local sound levels near the site, and may produce some reduction in sound levels at greater 
distances. Some initial data suggests that the common assumption that sound levels from dryers 
decrease with the inverse square of the distance from the dryer may result in an over-estimation of 
the sound level at greater distances from the dryer. The survey and field measurement results 
discussed here are being used to inform further, more focused study of grain drying noise 
emissions. 
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