
July 3, 2019 
Glass House Grown 

2660 NE HWY 20 Ste 610-443 
Bend OR 97701 

Page 1/3 

 

 
 
Dear Chair Henderson, Commissioner DeBone, Commissioner Adair, 
 

 

Thank you for giving me an opportunity to provide feedback on the current regulations and 

Ordinance Number 2019-012, more specifically the reconsideration of text amendments to the 

Deschutes County Code refining the regulation and enforcement of marijuana production on rural lands, 

which were originally adopted as Ordinance No. 2018-012. Those proposed amendments to the 

Deschutes County Code were discussed during eight work sessions starting on Aug 2, 2018.  During the 

first public hearing process it was stated in the record multiple times that the proposed changes to the 

code will make programmatic changes to the regulation and enforcement of marijuana production on 

rural lands. In addition, the Planning Commission work session that reviewed these rules can be found at 

the following address: 

http://deschutescountyor.iqm2.com/Citizens/SplitView.aspx?Mode=Video&MeetingID=2047&Format=A

genda   There was certainly a tone of apprehension in addition to discussion that these rules overstep 

what is reasonable in specific cases.  I am still concerned about the proposed text amendments because 

they will impact the workability for farmers in Deschutes County and continue to set precedence that 

farming rights and farmland will not be preserved.  The proposed text amendments are not reasonable 

additions to the code and should not be adopted.  

 

I would like to get on the record again, that the Deschutes County Comprehensive Plan 

specifically calls for Deschutes County to preserve farmland and protect both current and future 

agricultural opportunities via the Exclusive Farm Use Zone by supporting stakeholders in studying and 

promoting economically viable agricultural opportunities and practices (DCCP, Policy 2.2.10) and 

encouraging small farming enterprises, including, but not limited to, niche markets, organic farming, 

farm stands or value added products (DCCP, Policy 2.2.11).  I do not believe that the proposed amended 

changed meet these guidelines as they do not encourage small farms or the other goals mentioned 

above.  

 

In my reading of the proposed code I wanted to highlight just a few of my many concerns 

specific to the proposed code changes:  

 

Increases in setbacks, and separation distances will eliminate compatibility for small farming 

enterprises and niche markets. The increase in neighbor notification is concerning, and would likely 

trigger even more public input, making this process on the country even more financially burdensome. 

This is especially burdensome when “hemp” farms do not follow any of these code requirements and 

yet from a taxonomy and genetics perspective, “hemp” and “marijuana” are the same cannabis plants, 

expressing different traits in the same way a black tailed deer and a white tailed deer are related to one 

another.  
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The changes to odor and noise will continue to add more burden the application process put on 

the applicant.  More specifically on the noise and odor letter, I am increasingly concerned that licensed 

engineer letters (roughly $2000-$3000 cost to the applicant) are being dismissed by Commissioners 

during review.  This occurs after highly qualified planning staff and hearings officers have approved the 

letters.  I would like to put in the record to review the odor and noise letters for 247-18-000887-AD and 

247-18-000890-AD, these two applications were submitted on the same day.  In both of these cases the 

same engineer from ColeBreit Engineering created odor and noise letters. The noise and odor letter for 

247-18-000887-AD, which is my family's application, was approved without question. The noise and odor 

letter for 247-18-000890-AD was held under scrutiny by both Commissioner Henderson and 

Commissioner Adair during deliberations.  Furthermore, if you look at both the production 

(247-17-000040-AD) and processing (247-18-000887-AD) from my family's farm, both which were approved 

without question, we proposed to use the same odor technology solutions as the application for 

247-18-000890-AD.  There must be fair standards by which my cannabis community is held to and I fear 

that the changes being proposed in the code Ordinance No. 2018-012 / Ordinance Number 2019-012 

will continue to isolate and stifle one group of farmers.  

 

This leads me to a big picture issue and perhaps the most concerning one; the recent conditions 

upon which we, as a county, are denying cannabis land use has become a moving target.  Recently many 

subjective qualifiers for denial that are not in the code to begin with are becoming grounds for an 

application to get denied.  This is made more concerning when you consider that these denials are 

occuring after highly qualified planning staff and/or code officers have found the application to meet 

code.  It is the duty of the County to make clear standards from which an applicant should base their 

burden of proof from and daniels cannot be a moving target.  This is absolutely unworkable and on its 

face, it is not treating all farmers in rural Deschutes County with fair consideration. 

 

Lastly, I would like you to consider the specific experience that my family has had navigating this 

process starting in 2015.   We purchased 15 acres of Exclusive Farm Use zoned land in early 2015 and we 

only just started building out facilities a few months ago. The County “opted out” of cannabis businesses 

by the end of 2015 which made fundraising and maintaining ownership of our company, Glass House 

Grown, impossible as it was unclear if the 15 acre parcel we owned would be allowable for an OLCC 

farm.  The opt out and the subsequent land use application process to follow would also cause our 

family to have significant delays associated with entering the OLCC market.  As a family owned and 

operated business that was bootstrapping every dollar, we did not have the luxury of hiring lawyers or 

consultants to help with the land use process, so every step took so much longer.  To date we have 

spent roughly $25,000 on both applications with the County.  By the time we got our approval for 

cannabis production in early 2017, we had lost any legal ability to make sales in the regulated medical 

market due to rule changes from OLCC and OHA that forced the market to shift to recreational facilities. 

As a family and business that puts intergy above all, we accepted that our livelihood of generating 

revenue from growing cannabis had been cut off and we survived off debt as we worked towards our 

vision for the farmland.   Its challenging to estimate how much profit we lost as a result of the events 

that followed the “opt out” in 2015, but arguably we lost 1-2 years of revenues depending on how 

 

 
www.GlassHouseGrown.com 

Integrity                   Service                   Excellence                   Transparency 



July 3, 2019 
Glass House Grown 

2660 NE HWY 20 Ste 610-443 
Bend OR 97701 

Page 3/3 

 

quickly we would have executed the build out. By our projections, that's roughly $700,000 to $1,400,000 

in profits that we lost.  Beyond losing profits, our craft cannabis company lost out on vital branding and 

marketing opportunities as the industry was coming on board to OLCC driven markets, and to that we 

can never put a value to.  

 

Thank you for considering my comments and as you know I look forward to seeing workable regulations 

for Deschutes County farmers. 

 

Lindsey Pate  

CEO and Co-Founder, Glass House Grown 

Rural Resident of the Terrebonne EFU Zone 

Mailing Address: L.Pate, 2660 NE Hwy 20, Ste 610-443, Bend OR, 97701 
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S2O Dynamics 

Cannabis Odor and Noise Report 
 

To: Cameron Yee 

From: Laura Breit, PE  

Date: November 21, 2018 

QUALIFICATIONS 
I am a mechanical engineer licensed in Oregon #79874PE. Our company has provided several dozen of 

these reports since 2016. While not a qualification by itself, this has involved extensive research, 

development of our own techniques, and a deeper understanding of the factors at play, including: 

-Common practices and requirements from other jurisdictions, and the effects of these as the 

cannabis industry matures 

 -Efficacy and required maintenance of various methods, such as carbon filtration and fogging 

-Demonstration of odor & noise compliance at not-yet-constructed sites 

SUMMARY 
This report addresses noise and odor mitigation for a growing facility located at 25606 Alfalfa 

Market Road, Bend, OR 97701, owned and operated by S2O Dynamics. S2O Dynamics is a partner of 

Lunchbox Alchemy, a well-known cannabis producer headquartered in Bend.  

The growing facility consists of five greenhouses, two of which are currently existing, although 

they are not yet being used for cannabis cultivation. These two greenhouses are 30’ x 96’, and the 

planned greenhouses are 30’ x 132’. All greenhouses will use pass-through ventilation with two 50” J&D 

Typhoon wall-mounted exhaust fans. ColeBreit engineering conducted a site visit on November 19th, 

2018, to record noise levels during operation of the two existing greenhouses. This information will be 

used to demonstrate current noise levels, and will be used to extrapolate expected noise levels for 

future operation of all 5 proposed greenhouses. All ten exhaust fans will be on automatic controls, 

preventing nighttime operation of outdoor equipment between the hours of 10:00 pm and 7:00 am. 

Odor in each greenhouse will be neutralized with a Fogco fogging system, designed to spray odor 

neutralizer into the airstream of any greenhouse exhaust fans any time they activate. A system specific 

to this site has been designed and provided by Fogco. CAD schematics of this design are included in this 

report. 

The site also includes a 10’ x 10’ x 7’ prefabricated composting shed of solid construction, which will 

require odor mitigation separate from the fogging system. 

Further considerations of odor and noise from grow spaces and all exterior equipment will be discussed 

within this report.

9
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Fig. 1: Satellite image of existing greenhouses, future greenhouse locations marked 

See Appendix A for additional building plans. 

Specification sheets on all HVAC and outdoor equipment, and odor control products, can be found in 

Appendix B. 

Site layout, equipment and structure positioning, and geography will impact the propagation of noise 

from this equipment. This will be discussed further, and photographs taken by ColeBreit Engineering 

during the November 19th site visit can be found in Appendix C. 

 

CANNABIS ODOR ANALYSIS AND CALCULATION 

Applicable Standard 

The Deschutes County code DCC 18.116.330(B)(10) reads: 

Odor. As used in DCC 18.116.330(B)(10), building means the building, including greenhouses, hoop 

houses, and other similar structures, used for marijuana production or marijuana processing. 

a. The building shall be equipped with an effective odor control system which must at all times 

prevent unreasonable interference of neighbors’ use and enjoyment of their property. 
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b. An odor control system is deemed permitted only after the applicant submits a report by a 

mechanical engineer licensed in the State of Oregon demonstrating that the system will control 

odor so as not to unreasonably interfere with neighbors’ use and enjoyment of their property. 

c. Private actions alleging nuisance or trespass associated with odor impacts are authorized, if at 

all, as provided in applicable state statute. 

d. The odor control system shall: 

i. Consist of one or more fans. The fan(s) shall be sized for cubic feet per minute (CFM) 

equivalent to the volume of the building (length multiplied by width multiplied by 

height) divided by three. The filter(s) shall be rated for the required CFM or 

ii. Utilize an alternative method or technology to achieve equal to or greater odor 

mitigation than provided by (i) above. 

e. The system shall be maintained in working order and shall be in use. 

Odor Mitigation Technology Review 

Activated Carbon Filtration has been utilized in many industries for many years, and is considered a 

proven technology. Due its relatively low first cost, it is a common odor control method for cannabis 

facilities. 

Vapor-phase odor neutralization has seen several years of successful usage in wastewater treatment 

and agriculture. Many neutralizer solutions have been developed, with an increase of biodegradable 

solutions. Recently, this technology has been applied to cannabis cultivation as an odor mitigation 

technique. It is less common than activated carbon, but has been used widely enough to be considered 

as a standard form of odor control. 

See Appendix D for information gathered, including: 

A. Technology Overview 

B. Activated Carbon as a recognized odor control method in cannabis 

C. Activated Carbon as a recognized odor control method in other industries 

D. Activated Carbon has lowest first cost 

E. Vapor-phase odor neutralization in wastewater treatment 

F. Vapor-phase odor neutralization in agriculture 

See Appendix E for requirements of other jurisdictions. 

Proposed Odor Mitigation Design 

Odor mitigation systems at this site consist primarily of a system professionally designed by 

Fogco. The system will use fogging rings attached to the outlet of both exhaust fans on each greenhouse 

to spray an odor-neutralizing solution called “Odor Armor 420” directly into the exhaust airstream. Fan 

and fogger controls will be wired so that fans can only operate between the hours of 10:00 pm and 7:00 

am, and fogging equipment will activate any time a fan activates. Refer to Appendix B for images of 

typical fog ring system installations and statements regarding the efficacy and safety of Odor Armor 420. 

Fogco has additionally provided a complete submittal for all system components, which can be provided 

upon request.  
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Additionally, the composting shed will require a carbon filter attached to an inline fan to adsorb 

odors within the shed, sized in accordance with Deschutes County code, at no less than one third of the 

structure volume. Given a size of 10’ x 10’ x 7’, the shed volume is 700 cubic feet. One third of this is 234 

cubic feet. We recommend usage of 8” Max-Fan with an attached Can 100 carbon filter, capable of 580 

CFM. Any alternative fan and filter combination capable of similar CFM will be suitable as well. Our 

recommended CFM is oversized to further decrease the chances of odors leaving the structure beyond 

the minimum code requirement. 

 

 
Fig. 2: Can-Filters’ Can 100 Filter 
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Fig. 3: Max-Fan CFM ratings and electrical data 
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Fig. 4: CAD-generated plan set for this facility, designed and provided by Fogco 
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Please note that the address provided on these plans is for Lunchbox Alchemy’s Bend office, 

although the plans directly pertain to the facility described in this report. Equipment selections and 

technical aspects of these documents are accurate and specific to this site, and satisfy the intent of 

showing a functional, multi-zone, ring fogger system. 

 

 

Odor Mitigation System Maintenance 

From the American Society of Heating, Refrigeration and Air Conditioning (ASHRAE), “the life of 

activated carbon in odor control systems ranges from a few weeks to a year or more, depending on the 

concentration of the odorous emission”. [2016 ASHRAE Handbook – HVAC Systems and Equipment, see 

Appendix F] This is in-line with the information we have received from the filter manufacturer, “The life 

of a filter is determined by the concentration of the contaminant, the relative humidity and the volume 

of air being cleaned. Unfortunately, there is no indicator light on the filter that tells you when it is ready 

to be replaced. Typically 12-18 months is expected of the Original Can-Filter, although many of them 

have lasted much longer.”  

Our recommendation is to change the pre-filter every three months along with the activated 

carbon filter every six months. Per ASHRAE, depending on the concentration of the contaminants, the 

filter life could be much shorter or longer than six months, so it is imperative that the facility manager 

keep a close eye on the “breakdown” of the carbon filter and change more frequently if required. Odor 

is the evidence of breakdown. 

The most important aspect of maintaining a fogging system for odor mitigation is providing a 

reliable supply of fogging solution. We recommend that when solution drums are 1/2 full, they are to be 

refilled, or new drums are to be purchased and stored in such a manner that the old drums can be 

quickly replaced. The drums and pumping system must also be in an interior space to prevent freezing 

damage, and neutralizer lines will be heat-traced. Exhaust fans are not to be operated without a fog ring 

attached and functioning. It will be the responsibility of the site owner to ensure this, to promptly 

replace damaged equipment, and to not exhaust air if the fogging system is not functional. 

Replacement of carbon filters and prefilters, annual maintenance and cleaning of fogging 

equipment, supplying odor neutralizer solution, and 6-month testing of controls will be the 

responsibility of the site owner.  

Odor Mitigation Conclusion 

This odor control system will satisfy the requirements of DCC 18.116.330(B)(10)(d)(i), and prevent 

unreasonable interference of neighbors’ use and enjoyment of their property. 

NOISE ANALYSIS AND CALCULATION 

Applicable Standard 

The Deschutes County code DCC 18.116.330(B)(11)(a) reads: 

Noise. Noise produced by marijuana production and marijuana processing shall comply with the 

following: 

a. Sustained noise from mechanical equipment used for heating, ventilation, air condition, 

odor control, fans and similar functions shall not exceed 30 dB(A) measured at any property 

line between 10:00 p.m. and 7:00 a.m. the following day. 
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Noise Calculation and Analysis 

Equipment noise generated from cannabis-related activities will mostly be generated by the pair 

of exhaust fans serving each greenhouse. In November of 2018, these fans were manually adjusted for 

lower speed, reducing them from 651 RPM to 420 RPM. This was done by the site owner in an effort to 

reduce noise levels on each fan, although data regarding the exact effect is not available. Future exhaust 

fans on the additional proposed greenhouses will receive the same modifications. Other noise-

generating equipment will include a pump for the fogging system which will operate in tandem with 

exhaust fans, and circulation fans and heaters located within the greenhouses. The pumping system will 

be located within the composting structure, which is solid-walled and insulated, and will mute pump 

noise. The circulation fans and heaters are taken into account with the noise calculation methods 

presented herein, and both sources of noise will be muted by greenhouse walls.  

ColeBreit Engineering performed a site visit on November 19th, 2018, to assess equipment noise 

and site conditions. First, ambient noise levels were recorded before 7:00 am at the approximate center 

of each property line.  

Since no noise data is available for these exhaust fans at a modified RPM, a noise level of 74.3 

dBA will be used to represent the total “point source” of noise at the exhaust end of each greenhouse. 

This will be used for estimating future noise levels with the addition of the other three greenhouses. The 

technique used to find this noise level follows:  

Both exhaust fans and all interior mechanical equipment in only the south greenhouse were 

activated. Noise levels were recorded from the exterior at a point centered in front of both exhaust fans, 

at a distance of approximately 5 feet, typical to HVAC equipment noise ratings. This resulted in a noise 

level of 74.3 dBA.  

Finally, noise levels were recorded at the same locations as before with both greenhouses 

operating all exhaust fans and interior equipment. Results from noise recording with and without 

equipment running are shown in Table 1 below. These results show the difference in noise at property 

lines with all HVAC equipment activated, however, it should also be noted that ambient noise levels 

were also slightly increasing due to distant activity and traffic, as these readings were taken later that 

morning. The engineer could only distinguish fan noise from ambient noise at the east property line, and 

then only faintly. DBA levels listed here were averaged between approximately 10 seconds of noise 

measurement, each taken during a period of minimal traffic noise. 

Property 

line 

Distance to 

property 

line 

Recorded ambient dBA, 

no equipment running 

Time of 

recording 

Recorded dBA, all 

equipment running 

Time of 

recording 

West 562’ 39.9 6:40 am 41.3 7:21 am 

South 537’ 41.6 6:46 am 41.7 7:15 am 

East 193’ 43.2 6:52 am 44.5 7:10 am 

North 537’ 40.1 6:58 am 40.2 7:04 am 

Table 1: Recorded noise levels at property lines 

In order to predict noise levels from operation of all five greenhouses, ColeBreit conducted 

virtual noise modeling of the site. Measured noise from both exhaust fans and all interior circulation 

fans for each greenhouse is represented as a single source of 74.3 dBA, labelled EF, and placed at the 
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end of each greenhouse at a height of 2 meters. Greenhouses are modeled as 8’ tall buildings, given that 

they have a sidewall height of 8’. An enlarged view of the equipment locations used in the noise model 

is shown in Figure 5.  

 

Fig. 5: Greenhouse and equipment layout, and noise propagation pattern, enlarged 

Greenhouses and equipment locations have been chosen so that all fans face into an open space 

between all five greenhouses. This allows for the greenhouses themselves to act as a partial barrier, 

interfering with noise levels before they begin propagating towards property lines. As the sound waves 

travel further from these sources, they become increasingly dispersed and less powerful at any given 

point. As this occurs, sound is also partially absorbed and partially deflected by ground, trees, 

vegetation, and structures, and is affected by atmospheric conditions. There are many factors that affect 

this manner of propagation across an outdoor space, far exceeding what could be presented with simple 

equations in this report. Due to this complexity, rather than being calculated by hand, noise is simulated 

with computer software called “DBmap”. This software automates all of these calculations in 

accordance with ISO 9613, Parts 1 & 2. ISO 9613 has been in place since 1996, and is an international 

standard for calculating outdoor sound propagation. Please refer to Appendix G to review the equations 

and general calculation process described by ISO 9613 Part 2 in detail. ISO 9613 Part 1 further details 

atmospheric effects on propagation, and can be provided upon request.  
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These equations are an internationally accepted set of calculation methods that can be applied 

to any typical outdoor space. By manually inputting data into this software, placing buildings and 

equipment, manually placing receivers at chosen points along each property line, and adjusting site 

condition settings to match the site in question, this simulation gives an accurate approximation of noise 

levels, with all factors considered, at this specific site.  

Ground hardness factor is a scale of noise absorption from flat pavement at 0.0 to a soft, densely 

vegetated field at 1.0. A ground hardness factor of 0.6 was assumed to reflect: 

-Soft, uneven ground consisting of sand and rocks. Ground immediately near the greenhouses is mostly 

soft, flat sand. 

-Moderate grass, brush, and tree coverage surrounding where the greenhouses are to be located 

Please refer to Appendix C for photos of the site demonstrating these conditions. 

Noise receivers were modeled at the nearest, loudest, or otherwise most significant points along 

each property line at a height of 1.5 meters, the approximate height of a human listener. The model 

includes full, simultaneous operation of all equipment in approximate locations respective to the 

building. Equipment was modeled slightly outside of the dotted line surrounding each building; this line 

is called the “facade level” and placing equipment slightly outside of it will additionally model the 

reflection of noise off of the structure wall. A diagram of the whole site and receiver locations, and a 

table of final noise levels are on the following page. 
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Fig. 6:  Simulated sound levels at property lines with all equipment operating simultaneously 

Final predicted noise levels with simultaneous operation of all exhaust fans and mechanical equipment 

are tabulated below.  

Property line Simulated peak noise level along property line, dBA 

West 19.5 

South 19.6 

East 24.8 

North 20.1 

Table 2: Predicted future noise levels at property lines 

 

Noise Mitigation Conclusion 

Given the simulations and considerations shown above, the facility will comply with DCC 

18.116.330(B)(11)(a).  
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Appendix A – Building Plans 

 

Fig. A1: Site plan, property lines shown 

 



P a g e  | 15 

 

 

 

 

Figs. A2: Image of prefabricated composting shed 
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Appendix B – System Equipment & Specifications 

 

Fig. B1: Image of typical Fogco pumping station and odor neutralizer drums 
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Fig. B2: Image of typical Fogco rings positioned on greenhouse exhaust fans 
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Fig. B3: J&D Typhoon Slant Wall Exhaust Fan, typical installation 
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Fig. B3: Statement regarding efficacy of a Fogco system using Odor Armor 420 
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Fig. B4: Odor Armor 420 Material Safety Data Sheet 
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Fig. B5: Statement regarding Odor Armor 420 toxicity 
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Appendix C – Site Photos 

 

Fig. C1: Ground conditions typical to rougher areas 
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Fig. C2: Ground conditions typical to flatter areas 
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Appendix D – Odor Technology Review  
 

A. From “BiOdor Project Proposal Feasibility Study” 

 

Gingrich et al., Calvin College, 2015. 

 

Carbon Adsorption: 

In a carbon adsorber unit, the air stream passes over a bed of activated carbon and the contaminants 

adhere to the surface of the carbon, thus removed from the air stream. This is a relatively simple form of 

odor-control and the only real [operating] cost comes from purchasing new activated carbon after the 

old carbon has been spent. Moisture is a large limiting factor for carbon adsorption. It is imperative that 

the carbon be kept dry, lest the adsorptive capacity is greatly reduced. The disposal and replacement 

costs associated with carbon adsorption are also high compared to alternative technologies. 

Activated carbon removes hydrogen sulfide and other odor-producing compounds by catalyzing the 

oxidation of hydrogen sulfide, resulting in elemental sulfur and water according to the following 

reaction. 

2��� ��� + 
� ��� 
�����
�⎯⎯⎯� 

1

4
 �� ��� + 2��
 ��� 

Most of the water produced from this process is lost to the air stream as it passes through the system, 

while the sulfur is adsorbed into the porous surface of the activated carbon. The adsorption continues 

until the pores can no longer take in sulfur. As the pores reach their capacity for sulfur uptake, the odor 

compounds begin to break through the media, meaning noticeable odors are released from the unit 

indicating the media needs to be replaced. 

 
 

B. From “Final Environmental Impact Report for the Cannabis Land Use 

Ordinance and Licensing Program” 

 

County of Santa Barbara, California. December 2017. Appendix F: Cannabis Odor Control: Supplemental 

Odor Control Technology Research Summary. 

 

Introduction and Overview 

Effective technologies exist to suppress cannabis malodors. Activated carbon filtration systems have 

been proved to be effective for indoor cannabis facilities by Denver’s Department of Environmental 

Health. Vapor-phase systems have been proven to be effective for outdoor odor mitigation by the City 
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of San Diego’s Department of Environmental Services, Air Pollution Control District, and Solid Waste 

Local Enforcement Agency, as well as greenhouse cultivation by established greenhouse growers in 

Carpinteria. These technologies could be implemented to effectively reduce cannabis malodors in Santa 

Barbara County.  

Additionally, counties have implemented agriculture buffer requirements which serve in part to reduce 

land use conflicts which arise from odors.  Buffer requirements may be a useful strategy for cannabis 

odor mitigation within the County where neighboring land uses are far apart. Anecdotal evidence 

suggests that strong cannabis odors can still be detected large distances away from the source. Thus, 

buffers may be utilized but are likely to be more effective remote areas of the County where larger 

buffer distances could be implemented. In more urban areas, odor mitigation technologies would be 

more appropriate as they would significantly reduce odors over a shorter distance. 

 

Activated Carbon Filtration 

Ventilation System 

In this system, odor causing agents are adsorbed and filtered through activated carbon (Pennsylvania 

State University 2002). Odorous gas from the operation facility is collected via a ventilation system. 

Blowers then direct the gasses to the distribution system which uniformly delivers the gas to the filter. 

The filter sorbs and degrades the odors resulting in relatively odor-free exhaust.  

Supporting information and Current Usage 

The City of Denver’s Department of Environmental Health regulates nuisance odors under Denver 

Revised Municipal Code, Chapter 4 – Air Pollution Control, Section 4-10. Under this rule, an odor control 

plan must be submitted  1) describing any odors anticipated to originate from the premises of marijuana 

growing, processing, and manufacturing facilities and 2) describing control technologies that will be used 

to prevent odors from leaving the premises (City and County of Denver 2017). The Department of 

Environmental Health states the, “rule recognizes carbon filtration as the current best control 

technology for marijuana cultivation and marijuana infused product facilities” (Denver Department of 

Environmental Health 2017). However, other odor control technologies are permitted so long as it can 

be demonstrated that the technology can effectively mitigate odors.  

The Director of the Environmental Quality Division of Denver’s Department of Environmental Health 

(Denver Director) was contacted by phone on November 30, 2017 to discuss how effective carbon 

filtration is, where it has been applied, and if it had the potential to impact product quality. The Denver 

Director stated that approximately 60 percent of indoor grow operations in Denver had installed odor 

mitigation control prior to the rule, and that 98 percent of those who installed odor mitigation had 

utilized carbon filtration. In creating the rule, input from indoor grow operators and HVAC control 

technicians was included to ensure the regulations would reflect technical and economic feasibility. City 

officials toured the cultivation facilities to determine the effectiveness of the carbon filtration 

technology. City officials determined that carbon filtration was effective in removing odors. However, 

the Denver Director stated that carbon filtration is only effective for processing facilities and indoor 

grows, which was the only type of cultivation facility in Denver at the time of the ruling. The Denver 
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Director noted that the initial cost of investment for a carbon filtration system is $10,000-$15,000 for a 

medium-sized 10,000 square foot indoor facility with an additional $2,000-$3,000 per year in operation 

and management costs. The Denver Director also stated that the carbon filtration technology would not 

impact the quality of the cannabis. Finally, the Denver Director stated that the quality of cannabis would 

only be impacted if the HVAC system, not the carbon filtration system, malfunctioned and humidity was 

not properly controlled.  

A grower in Carpinteria was contacted by phone on November 19, 2017. The grower utilizes vaporphase 

technology (discussed below) to mitigate cannabis odors from his greenhouse in Carpinteria. He had 

considered carbon filtration, but stated that he did not use it because he would not have been able to 

control the internal environment of his greenhouse. The grower noted that carbon filtration would be 

appropriate for manufacturing, indoor grows, drying rooms, and packaging.  

A Code Compliance Officer for the Portland Cannabis Program (Portland Officer), stated that there is no 

specific odor requirement for the City of Portland. If odor complaints are made, then an action plan is 

required to reduce odors. Portland’s Zoning Code Section 33.262.070 simply states that “continuous, 

frequent, or repetitive odors may not be produced” (City of Portland 2017a). Portland’s code guide for 

cannabis businesses states that “all exhaust and relief air should be filtered or scrubbed” in order to 

comply with the zoning code (Portland Bureau of Development Services 2017). The Portland Officer 

stated that retailers, wholesalers, and processors use countertop carbon systems in order to mitigate 

odors. Large ventilation systems with activated carbon filters are used for indoor cultivation. These 

systems are scaled proportionately to the size of the facility. However, Portland does not currently have 

any greenhouses and the Portland Officer does not know of any odor mitigation strategies for 

greenhouses. 

Canisters  

Activated carbon ventilation systems which are supported by activated carbon gas canisters.  

Supporting Information and Current Usage  

The Director of the Planning and Development Department of the City/County of Pueblo, Colorado 

(Pueblo Director), was contacted by phone on December 1, 2017. The Pueblo Director stated that 

Pueblo only regulates odor for cannabis in industrial zones and that agricultural zones is exempt from 

cannabis odor mitigation. Pueblo County Code Title 17 Chapter 17.120.190 requires that all cannabis 

establishments in the central business zoning district (B-4) have odor mitigation. “The building (term 

includes buildings, greenhouses, and hoop houses) shall be equipped with a ventilation system with 

carbon filters sufficient in type and capacity to eliminate marijuana odors emanating from the interior to 

the exterior discernable by a reasonable person…” (County of Pueblo 2017). The Pueblo Director stated 

that mitigate odors in greenhouses, some growers are using canisters with activated carbon inside to 

filter the air. This works similarly to the ventilation activated carbon systems used in indoor grows but 

can be used for greenhouses. The Pueblo Director and officials from the Department of Public Health 

and Environment plan to use an olfactometer to test the effectiveness of this technology in greenhouses 

on December 21st. 
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Vapor-Phase System 

A manufacturer of this technology as it specifically applies to cannabis was contacted. As described, a 

deodorizing liquid comprised of essential oils in the citrus and pine family are placed inside a vaporizing 

mechanism. The vapor travels through a distribution pipe that is suspended high up in the greenhouse 

and runs along its entire perimeter. The vapor escapes from holes in the distribution pipe and a curtain a 

vapor along the perimeter is produced. The vapor interacts with and changes the chemistry of cannabis 

malodors. Because of this chemistry change, the olfactory receptors in the human nose no longer 

interprets the smell as a malodor. The result is an odor-neutralizing, not an odor-masking technology. 

The interviewed manufacturer had a third-party consultant perform a public health and safety 

assessment for their specific cannabis deodorizer. Acute inhalation studies were performed and the 

product was evaluated against health criteria developed by regulatory agencies such as the USEPA. This 

particular manufacturer’s cannabis deodorizer met all applicable health criteria thresholds (CPF 

Associates, Inc. 2017).  

In Pueblo Colorado, some growers are using this technology to mitigate the cannabis odor emitted from 

greenhouse fan exhaust. The Pueblo Director and officials from the Department of Public Health and 

Environment plan to use an olfactometer to test the effectiveness of this technology in neutralizing the 

odors from greenhouse fan exhaust on December 21st.  

The Landfill Operations Program Manager for the City of San Diego’s Department of Environmental 

Services (San Diego Manager), was contacted by phone on November 30, 2017. The San Diego Manager 

stated that the City of San Diego uses the technology produced by the interviewed manufacturer, but 

uses a different blend of the same essential oils that is specific to the malodors resulting from landfills. 

The San Diego Manger, along with the San Diego Air Pollution Control District (APCD) and the Solid 

Waste Local Enforcement Agency (LEA), performed a pilot study of the technology’s effectiveness at the 

Miramar landfill. The San Diego Manger noted that he, along with the officials from APCD and LEA, could 

not smell the landfill within 25-30 feet of the device and that the technology was effective in reducing 

odor in nearby communities. These communities are the nearest sensitive receptor and are located one 

mile away from the landfill on the other side of a highway. The San Diego Manager stated that the odor 

mitigation technology is only effective when the device was downwind of the source of the malodors 

and between the source of the malodor and sensitive receptors. Because wind direction changes during 

the day, the landfill uses other odor mitigation strategies (e.g., covers) in addition to the vapor-phase 

technology. The San Diego Manager mentioned that the technology would be more effective in an 

enclosed area (e.g., greenhouse), because wind direction would not have to be considered and the 

vapor would be closer to the odor source, and therefore, would have a greater likelihood of interacting 

with and neutralizing the malodors. Like the grower in Carpinteria, the San Diego Manager stated that 

the vapor had a pine scent, but that this scent was only noticeable when too much vapor is being 

produced. He stated that reducing the amount of vapor leaving the system was effective in reducing the 

pine scent.  

A grower in Carpinteria was contacted by phone on November 29, 2017, and stated that the scent of 

cannabis is no longer noticeable at a distance of 50 feet from the greenhouse when this technology is 

used. However, the grower stated that the liquid and resulting vapor has a pine/citrus scent, which can 
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be noticeable if too much vapor is being produced. If this occurs, it was stated that the amount of vapor 

produced by the system can be reduced. 

 

 

C. From “Odor in Commercial Scale Compost: Literature Review and Critical 

Analysis 

 

Washington State University & State of Washington Department of Ecology. October 17, 2013. 

 

The fourth major odor-control strategy includes incorporation of carbon-based materials to piles, 

including activated carbon, high carbon wood ash, and biochar. Among these, activated carbon is 

generally understood to be technically effective but too expensive for widespread use in compost odor 

control.  

 

 

D. From “Evaluating Odour Control Technologies Using Reliability and 

Sustainability Criteria: Odour control technology at wastewater 

treatment or water recycling plants. 

 

NJR Kraakman, J Cesca. November 2012. 

 

Activated Carbon Filter (AC): A granular impregnated AC bed (density 450kg/m^3), including a pre-filter 

operated at an EBRT of 2.5 sec, a system pressure drop of 900 Pa (excluding the pressure drop of an 

upfront pre-filter of 250 Pa) and a cost of $6 per kg was used as a model adsorption filter. The most 

common practice in AC filtration involves two filters (one filter in operation and one in standby to allow 

bed replacement). Bed replacement is based on empirical experience because carbon manufacturers 

typically do not guarantee carbon life in wastewater treatment plant (WWTP) applications. A standard 

carbon life of 12 months was used for stand-alone applications and the inlet concentrations of 10 ppm. 

No regeneration of the AC was considered. Disposal costs as a hazardous waste of $500 per kL were 

used for landfill. 

 

E. From “Wastewater Odor Control: An Evaluation of Technologies” 

Vaughan Harshman & Tony Barnette 

December 28th, 2000 
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Odor control on the backburner. 

In the modern world of wastewater treatment, control of odors has moved from an afterthought to a primary 

design consideration for most collection and treatment facilities. As development encroaches on our facilities 

and our new neighbors become less tolerant of nuisance odors, wastewater professionals have found the 

need to address odor as a primary concern in the design and operation of collection and treatment facilities. 

As the attention paid to odor control has increased, so has the number of odor control technologies that are 

available in the marketplace. 

This paper consists of an evaluation of the qualitative characteristics and the economic properties of the 

various technologies available for wastewater odor control. The goal of this paper is simply to compile and 

summarize this information. There are a virtually limitless number of unique odor control problems and 

challenges and it would be impossible to identify one technology as the most applicable for all situations. It is 

hoped that this paper could be used as a guide to select the most appropriate technology or technologies 

based on the unique characteristics of a given application. 

  

Background 

Any place or process in which wastewater is collected, conveyed or treated has the potential to generate and 

release nuisance odors to the surrounding area. However, most odor problems occur in the collection 

system, in primary treatment facilities and in solids handling facilities. In most instances, the odors associated 

with collection systems and primary treatment facilities are generated as a result of an anaerobic or "septic" 

condition. This condition occurs when oxygen transfer to the wastewater is limited such as in a force main. In 

the anaerobic state, the microbes present in the wastewater have no dissolved oxygen available for 

respiration. This allows microbes known as "sulfate-reducing bacteria" to thrive. These bacteria utilize the 

sulfate ion (SO4-) that is naturally abundant in most waters as an oxygen source for respiration. The 

byproduct of this activity is hydrogen sulfide (H2S). This byproduct has a low solubility in the wastewater and 

a strong, offensive, rotten-egg odor. In addition to its odor, H2S can cause severe corrosion problems as well. 

Due to its low solubility in the wastewater, it is released to the atmosphere in areas such as wet wells, 

headworks, grit chambers and primary clarifiers. There are typically other "organic" odorous compounds, 

such as mercaptans and amines, present in these areas, but H2S is the most prevalent compound. 

Solids handling facilities are another significant odor problem area. In biosolids dewatering and treatment 

processes, the biosolids commonly undergo extreme turbulence, pH adjustment and/or thermal treatment. 

Depending on the nature of the biosolids stream and the treatment used, the odor compounds released can 
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consist of any combination of the following compounds in a wide range of concentrations: ammonia, amines, 

hydrogen sulfide, organic sulfides and mercaptans. Additionally, anaerobic digestion of sludge creates the 

anaerobic conditions in which sulfate-reducing bacteria thrive, causing the formation of hydrogen sulfide that 

is vented with the digester "biogas" formed from the digestion of sludge. 

There are many different technologies that can be applied to control odors from wastewater collection and 

treatment systems. These technologies can be split into two main groups: vapor-phase technologies, used to 

control odorous compounds in the air or gas; and liquid-phase technologies, used to control odorous 

compounds in the liquid wastewater itself. Vapor-phase technologies typically are used in point-source 

applications such as wastewater treatment plants and pump stations or for the treatment of biogas. Liquid-

phase technologies typically are used in collection systems where control of both odors and corrosion are 

concerns and/or where multiple point odor control is an objective. 

  

Discussion 

This article breaks the technologies into vapor-phase and liquid-phase groups for comparison. The 

technologies are compared easily within the same group, but generalized comparisons across groups are not 

possible. Vapor-phase designs are driven by the ventilation rate for headspace to be treated and the mass 

loading of the contaminant volatilized from the wastewater to the vapor phase. Liquid-phase designs are 

driven by the wastewater flow rate and/or the total mass loading of the contaminants within the liquid 

phase. The ventilation and volatilization rates corresponding to liquid flow and mass loading vary widely for 

individual applications, making generalized comparisons of vapor- vs. liquid-phase treatment impossible. 

Often the general objectives and the logistics of an application will dictate one approach being desired over 

the other. If that is not the case, it is suggested that the designer evaluate vapor phase and liquid phase 

technologies independently to determine the most appropriate technology for each group, then make an 

application-specific analysis to choose the ultimate technology or combination of technologies. 

  

Vapor-Phase Technologies 

Vapor-phase technologies ventilate the point sources of odor problems (wet wells, headworks, etc.). For air 

treatment, the ventilation system is designed to maintain a negative pressure on the area at all times. This 
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prevents the "leakage" of odorous air from vents, manways, access hatches or other areas. The discharge 

from the ventilation system is the only route for the odorous air to escape, therefore it must be treated. 

Vapor-phase systems are very effective at preventing fugitive emissions from the ventilated sources and 

preventing odor problems associated with those sources. 

If large amounts of air are ventilated, vapor-phase systems also can be effective at providing adequate 

ventilation for occupancy and/or reducing the contaminant concentration to levels that do not pose safety or 

corrosion hazards. Biogas treatment systems are concerned primarily with the removal of hydrogen sulfide to 

prevent the formation of sulfur dioxide (SO2), a product of the combustion of gas containing hydrogen 

sulfide. Most plants that have anaerobic treatment burn the methane-rich biogas produced from the 

anaerobic sludge digestion (either as waste gas in a flare or in engines, turbines or boilers for the production 

of power or steam). Because of this practice, the removal of hydrogen sulfide many times is required to meet 

emissions standards or to prevent corrosion in the combustion equipment. The technologies evaluated in this 

paper for use in treating the ventilation air or biogas are wet air scrubbing, liquid redox technology, 

biofiltration, solid scavengers and carbon adsorption. 

  

Wet Air Scrubbing 

Wet air scrubbing is the most flexible and reliable technology for vapor-phase wastewater odor control. This 

technology can be used to treat virtually any water-soluble contaminant. In addition to hydrogen sulfide and 

"organic" odors, wet scrubbing is very effective for ammonia removal. In a wet air scrubber the odor 

contaminants are solubilized from the vapor phase into an aqueous chemical solution. The removal 

mechanism is purely chemical and is not subject to upsets as are biological processes. The chemical balance 

in the system is automatically and continuously maintained, even under changing loading conditions, 

minimizing the chance for odor break-through. The application of a multi-stage scrubber allows the utilization 

of a different chemical solution in each of the stages to efficiently use chemicals and target a wide range of 

contaminants for treatment. 

One major advantage of wet scrubbing systems is the reliability and flexibility provided by the use of 

chemicals and chemical reactions. A major challenge in the design and operation of wet air scrubbers is the 

minimization of chemical use and cost while maintaining complete, flexible and reliable treatment. One 

design used to reduce chemical use is the multi-stage scrubbing system. As mentioned above, in raw 

wastewater odor control applications the most prevalent contaminant is hydrogen sulfide, but other organic 

odorous compounds typically are present as well. Hydrogen sulfide can be solubilized with a solution of 
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sodium hydroxide. However, the other odor-causing compounds are best treated by sodium hypochlorite. In 

a single-stage scrubber system, sodium hydroxide and sodium hypochlorite are used in a recirculating 

chemical solution. Since sodium hypochlorite is a strong oxidizer, it readily reacts with the sulfide that is 

solubilized by the sodium hydroxide. Therefore, in a single-stage system sodium hypochlorite must be added 

in sufficient quantities to oxidize the hydrogen sulfide and maintain a residual to treat the other odor 

compounds. In a multi-stage system, sodium hydroxide is used alone in the first stage to solubilze hydrogen 

sulfide. Sodium hypochlorite is added to the last stage only. By eliminating the sodium hypochlorite from the 

sulfide removal process, the consumption rate for this chemical is greatly reduced. 

  

Liquid Redox Technology 

Liquid redox technology has a relatively long history, but is not widely used in the odor control market. Most 

liquid redox processes are used in the petrochemical and natural gas industries and generally are considered 

too complicated and costly for odor control applications. Liquid redox units use a chelated metal dissolved in 

a water solution to remove hydrogen sulfide from a gas stream and convert it catalytically to solid, elemental 

sulfur. The metal, held in solution by organic chelating agents, acts as a catalyst, speeding up the naturally 

occuring reaction. 

The metal ion in the solution removes electrons (negative charges) from a sulfide ion (S-) to form sulfur and 

in turn can transfer the electrons to oxygen (O2) in the regeneration process. Although there are many 

metals that can perform these functions, iron (Fe) is the most commercially used because it is inexpensive 

and non-toxic. Liquid redox processes have limited applications in wastewater treatment facilities compared 

to wet scrubbers, as they generally have higher capital costs. Where these processes have seen greater 

demand is in the treatment of anaerobic biogas, where higher levels of hydrogen sulfide and the presence of 

carbon dioxide cause the lower capital costs of wet scrubbers to be offset by their much higher operating 

chemical costs. Generally speaking, liquid redox units have operating costs that can be less than 10 percent of 

other vapor phase treatment options because of the regeneration of the active catalyst, the iron solution. 

However, because of their higher capital costs, the lower operating costs are enough to justify the use of 

liquid redox systems only when the requirement for the removal of hydrogen sulfide reaches 200 to 300 

lbs./day. Above this level, the low operational cost of a liquid redox system easily can achieve less than a 2—

3 year payback on the initial capital investment. Comparisons to conventional wet scrubbers are not 

productive. The two technologies really do not overlap. Liquid redox units focus on digester gas treatment 

and ventilation air applications with extremely high loadings of hydrogen sulfide. Additionally, because they 
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remove only hydrogen sulfide, liquid redox units used for ventilation air odor control in wastewater facilities 

often will require polishing with hypochlorite or carbon to remove other odor compounds present. 

[Sections removed for abbreviation] 

Carbon Adsorption 

In a carbon adsorption system, the air stream is passed over a bed of adsorbent (carbon) and the odor-

causing compounds are attracted to and adhere to the surface of the adsorbent. This is the simplest of the 

three wastewater odor control technologies. There is no on-going chemical supply to the system, and there 

are no biological processes to be upset. Adsorption is applicable to a wide range of compounds. Hydrogen 

sulfide and related sulfur-based compounds are removed effectively by carbon adsorption systems, but 

ammonia and other nitrogen-based compounds are not effectively treated. Various carbon type systems 

including activated and impregnated can be used independently or in combinations to remove many 

different contaminants. 

Conclusion 

As expected, this review and analysis does not provide a conclusive determination of "the best" odor control 

technology. Rather, it supports the contention that the existing conditions, treatment objectives and 

economic restraints must be considered in selection and design of any odor control strategy. 

This article was originally published on Dec. 28, 2000. It has been revised for clarity.  

 

 

F. From “Managing Milk Plant Odors 

by Nicholas J. Pinto, PE, Richard A. Straut, PE, and Eric A. Pond, PE 

H.P. Hood pasteurizes, processes, and packages milk and nondairy products at its plant in Oneida, New 

York. The operation discharges wastes from processing, cleaning, and sanitizing operations. Wastewater 

is treated at the Plant's pretreatment facilities and then discharged to the city's sanitary sewer. 

Pretreatment facilities comprise two covered and aerated 149,000-gal flow equalization tanks (FETs), pH 

adjustment, flow control, spill recovery system, and a submersible effluent pump station. Air is released 

through a vent located atop each FET and from the spill tank and pump station adjacent to the FETs. 
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The FETs at Hood 

Shortly after the FETs were put in service, neighbors began to complain about odors. The plant's operators 

responded by adding chlorine and increasing aeration, but their actions resulted only in minimal odor 

reduction. It became clear that an odor control system was necessary. Barton & Loguidice Engineers was 

asked to find an odor control system. Working closely with Jim Sylvester of H.P. Hood, B&L developed a 

plan. 

Source of odors 

Organic compounds, primarily, were responsible for the odors, and they were mostly generated by the 

accelerated chemical decomposition of lactose in the caustic/acid high-temperature sanitizing processes. 

Since the FETs were aerated to maintain dissolved oxygen, hydrogen sulfide odors were essentially absent. 

Complaints about odor coincided with elevated tank pH and late summer afternoons when neighbors 

were likely to be outdoors. 

Control technologies and complications 

B&L investigated technologies that were proven to remove organic-based odors. Although the 

pretreatment facilities were originally designed to accommodate odor control systems (generally 

considered to be accomplished by scrubbing or adsorption), available space was limited. Any solution 

would have to fit in an existing small control room along a small strip of land adjacent to the existing 

building. Two added complications were the known build-up of a gelatin-like material that would plug the 

vent screens and the formation of milkstone (milk-product minerals) on surfaces exposed to the 

wastewater or wastewater aerosols. Four odor control technologies were evaluated for treating the air 

released from the pretreatment system: 

• Biofilters 

• Adsorption and activated media 

• Packed bed scrubbers with oxidizers 

• Vapor-phase neutralization. 

Biofiltration 

With biofiltration, media adsorption and biological oxidation remove air-borne odorous compounds. The 

air passes through porous organic media, and microbes in the media metabolize the odor-producing 
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compounds adsorbed on the moist filter particles. The media typically is a combination of compost, wood 

chips, and nutrients. To maintain the biological process, temperature, pH, and moisture content must be 

carefully controlled. 

Prepackaged biofiltration odor-control technology systems consist of shallow media trays that are stacked 

to promote uniform air distribution through the media. Prepackaged biofilter systems generally include 

several parallel-connected biofilters, a blower, humidifier/scrubber (particulate and mist eliminator), 

control panel, and piping. 

A site-built conventional earthen biofilter system was also considered. Such an approach requires two 

large subsurface biofilter beds containing drainage piping, air distribution piping, media, and a wood chip 

or mulch cover. As with a packaged system, moisture, pH, and temperature must be accurately 

maintained. Because earthen biofilters are exposed, they would require additional maintenance such as 

weed removal and watering. Conventional biofilters use one deep layer of media (4 ft) which is susceptible 

to compaction and short-circuiting over time. 

Packaged biofilters rather than conventional biofilters were focused on for the Hood pretreatment system 

because they are compact, require less installation effort, and are less prone to media short-circuiting. 

Moisture level and temperature are generally automatically adjusted by the system. Biofilter media would 

likely have to be replaced every 3-5 yr, and the scrubber/humidifier and ductwork would have to be 

cleaned periodically to remove the gelatinous organic substance and milkstone deposits. 

Adsorption and activated media 

Activated media adsorption technologies such as activated carbon air treatment vessels were evaluated 

for potential applicability to odor control. These technologies are generally effective in removing air-borne 

organic gasses and odors, but we were concerned that the gelatinous substance in the FET and pumping 

station would build-up in the activated media and cause plugging. Additionally, the malodorous 

constituents represent only a fraction of the total organic compounds that would be adsorbed by the 

activated media. Because of the large loading of organic substances, media such as activated carbon 

would have to be regenerated or replaced frequently. We, therefore, judged media adsorption 

technologies to be incompatible with this application. 

Scrubber 

A packed bed scrubber uses a physical-chemical process by which odorous gas is transferred to the 

scrubbing fluid and oxidized. Such a system consists of a blower, scrubbing vessel packed with randomly 

dispersed plastic media, oxidizing solution, solution pump, and spray manifold. During operation, odorous 

gas is pulled through the scrubber and contacts the solution-saturated scrubber media. The oxidizing 

agents, such as sodium hypochlorite or hydrogen peroxide solution, oxidize odorous organic compounds. 

Typical decomposition by-products are carbon dioxide and water. 

Prepackaged scrubber systems are available and generally include a low profile packed bed scrubbing 

vessel with packing, spray manifold, recirculating pump, blower, control panel, and chemical feed system. 

Systems are typically automated and require little labor. Scrubber solution level and concentration is 

automatically maintained by the system. Oxidizing agent inventory must be maintained, however, and the 

system must be routinely inspected for proper performance and component function. The scrubber and 

related ductwork must be cleaned to remove gelatinous substances and milkstone deposits. 
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Neutralization 

With vapor-phase odor neutralization, gaseous odor-neutralizing compounds react or interfere with odor 

molecules to change their structure and render them inodorous. Since this technology works in a vapor 

phase, the need to transfer gaseous odors into a liquid phase, such as with the scrubber or biofilter, is 

eliminated. Vapor-phase reactions are nearly instantaneous; therefore, the residence time is short. 

Internal vapor-phase neutralization uses the existing covered tank headspace as a "reaction vessel," thus 

eliminating need for construction of an external contact vessel. For applications with insufficient 

headspace, an external contact vessel can be constructed. External contact vessels are similar to 

traditional scrubber systems but are typically smaller because of the faster reaction rates. 

Odor neutralizing compounds vary depending on the application; many operators prefer products from 

essential plant oils not only for their effectiveness but also because they are generally nonhazardous and 

benign to the environment. 

Decision-making 

Although packed bed scrubber systems and biofiltration 

systems would remove odorous compounds from the air 

stream, their high cost and the probable build-up of organic 

material and milkstone in air handling equipment and 

treatment vessels made them less desirable for this 

application. We similarly dismissed media adsorption; 

adsorption would have had the added liability of costly 

media regeneration or replacement. 

The technology that satisfied our criteria was the internal 

vapor-phase misting system. It provided effective odor 

treatment, limited construction, low operating expense, 

and low maintenance. This is the system that H.P. Hood 

installed. A single high-pressure pump (500 psi) and misting nozzles and piping at the flow equalization 

system made up the installed system. An inverted 3-ft diameter by 5-ft high vent stack was installed 

beneath the existing vent of each FET. 

 

High-pressure chemical feed system 
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Odor control system 

Two misting nozzles were installed in each tank's headspace under the existing dome-style covers, and a 

third nozzle was installed in the stack. The stack minimizes short-circuiting of untreated air and provides 

redundant treatment by channeling exhausted air through the mist created by the center-mounted 

conical-spray pattern nozzle. We recommended an essential oil based odor neutralizing solution because 

it is neither hazardous nor corrosive. 

To date, the system has proven to be effective and reliable. Odors released by the facility have been 

eliminated.  

____________  

At Barton & Loguidice, PC in Syracuse,  Nicholas J. Pinto, PE is a senior vice president,  Richard A. 

Straut, PE is a senior managing engineer, and  Eric A. Pond, PE is a project engineer. Jim Sylvester was 

H.P. Hood's Project Engineer and oversaw installation. 
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Appendix E – Odor Control Requirements of Other Jurisdictions  
 

 

A. From Happy Valley Municipal Code 16.49.030 

 

Happy Valley Municipal Code 16.49.030 (D & E): 

D. Odor. As used in Section 16.49.030, building means the building, or portion thereof, used for 

marijuana production or processing and shall be regulated as follows: 

1. The building shall be equipped with an activated carbon filtration system for odor control to 

ensure that air leaving the building through an exhaust vent first passes through an activated 

carbon filter; 

2. The filtration system shall consist of one or more fans and activated carbon filters. At a 

minimum, the fan(s) shall be sized for cubic feet per minute (CFM) equivalent to the volume of 

the building (length multiplied by width multiplied by height) divided by three. The filter(s) shall 

be rated for the applicable CFM; 

3. The filtration system shall be maintained in working order and shall be in use. The filters shall 

be changed a minimum of once every three hundred sixty-five (365) days; 

 4. Negative air pressure shall be maintained inside the building; 

 5. Doors and windows shall remain closed, except for the minimum length of time 

needed to allow people to ingress or egress the building; 

6. The filtration system shall be designed by a mechanical engineer licensed tin the State of 

Oregon. The engineer shall stamp the design and certify that it complies with this subsection 

(D); and 

7. An alternative odor control system is permitted if the applicants submits a report by a 

mechanical engineer licensed in the State of Oregon demonstrating that the alternative system 

will control odor as well or better than the activated carbon filtration system otherwise 

required. 

E. Noise. The applicant shall submit a noise study by an acoustic engineer licensed in the State of 

Oregon. The study shall demonstrate that generators as well as mechanical equipment used for heating, 

ventilating, air conditioning, or odor control will not produce sound that, when measured at any lot line 

of the subject property, exceeds fifty (50) dB(A). 
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B. From Estacada Ordinance Series of 2016, No. 005, 16.07.010 (C) 

 

C. Odor. As used in subsection 16.65.020 (C), building means the building, or portion thereof, 

used for marijuana retailing. 

1. The building shall be equipped with an activated carbon filtration system for odor control to 

ensure that air leaving the building through an exhaust vent first passes through an activated carbon 

filter. 

2. The filtration system shall consist of one or more fans and activated carbon filters. At a 

minimum, the fan(s) shall be sized for cubic feet per minute (CFM) equivalent to the volume of the 

building (length multiplied by width multiplied by height) divided by three. The filter(s) shall be rated for 

the applicable CFM.  

3. The filtration system shall be maintained in good working order and shall be in use. The filters 

shall be changed a minimum of once every 365 days. 

4. Negative air pressure shall be maintained inside the building.  

5. Doors and windows shall remain closed, except for the minimum length of time needed to 

allow people to ingress or egress the building. 

6. The filtration system shall be designed by a mechanical engineer licensed in the State of 

Oregon. The engineer shall stamp the design and certify that it complies with subsection 16.65.020 (C). 

7. An alternative odor control system is permitted if the applicant submits a report by a 

mechanical engineer licensed in the State of Oregon demonstrating that the alternative system will 

control odor as well or better than the activated carbon filtration system otherwise required. 

 

 

C. From Kalamazoo County, Michigan, Ordinance N. 595 

 

d.  Odor. It is the intent of this ordinance that no odor shall be detectable outside of any building 

where marijuana is present. As used in this subsection, building means the building, or portion thereof, 

used for marijuana production or marijuana processing. 

i. The building shall be equipped with an activated carbon filtration system for odor control to 

ensure that air leaving the building through an exhaust vent first passes through an activated carbon 

filter. 

ii. The filtration system shall consist of one or more fans and activated carbon filters. At a 

minimum, the fan(s) shall be sized for cubic feet per minute (CFM) equivalent to the volume of the 

building (length multiplied by width multiplied by height) divided by three. The filter(s) shall be rated for 

the applicable CFM. 
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iii. The filtration system shall be maintained in working order and shall be in use. The filters shall be 

changed a minimum of once every six (6) months or as manufacturer recommended. 

iv. Negative air pressure shall be maintained inside the building.  

v. Doors and windows shall remain closed, except for the minimum length of time needed to allow 

people to ingress or egress the building.  

vi. An alternative odor control system is permitted if the special use permit applicant submits and 

municipality accepts a report by a mechanical engineer licensed in the state of Michigan demonstrating 

that the alternative system will control odor as well or better than the activated carbon filtration system 

otherwise required. The municipality may hire an outside expert at the applicant’s expense, to review 

the alternative system design and advise as to its comparability and whether in the opinion of the expert 

it should be accepted. 

 

 

D. From Regulatory Guidance for Licensed I-502 Operations in Spokane 

County 

 

Air Quality and Odor Controls: 

Odor – All businesses must comply with Spokane Clean Air’s odor regulation. Odor control measures 

may include, but are not limited to: use of carbon adsorption media or other controls at all exhaust air 

discharge points, use of vertical exhaust vents or stacks, and/or completely enclosing the operation and 

recirculating ventilation air within the enclosure. 
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Appendix F – ASHRAE Statement Regarding Carbon Filter Life  

 
 

A. From 2016 ASHRAE Handbook – HVAC Systems and Equipment 

 

“Incineration and scrubbing are usually the most economical methods of controlling high 

concentrations of odorous compounds from equipment such as cookers in rendering plants. However, 

many odors that arise from harmlessly low concentrations of vapors are still offensive. The odor 

threshold (for 100% response) of acrolein in air, for example, is only 0.21 ppm, whereas that for ethyl 

mercaptan is 0.001 ppm and that for hydrogen sulfide is 0.0005 ppm (AIHA 1989; MCA 1968). Activated 

carbon beds effectively overcome many odor emission problems. Activated carbon is used to control 

odors from chemical and pharmaceutical manufacturing operations, foundries, sewage treating plants, 

oil and chemical storage tanks, lacquer drying ovens, food processing plants, and rendering plants. In 

some of these applications, activated carbon is the sole odor control method; in others, the carbon 

adsorber is applied to the exhaust from a scrubber.” 

 “The life of activated carbon in odor control systems ranges from a few weeks to a year or more, 

depending on the concentration of the odorous emission. 
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Appendix G – ISO 9613, Part 2: General Method of Calculation 
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May 23rd Staff Memorandum Response 
 

To: Deschutes County Board of Commissioners 

From: Rob James, PE 

Date: June 7, 2019 

 

Dear Deschutes County Board of Commissioners, 

  I am writing in regards to contention around the cannabis odor control system for the 

greenhouses at 25606 Alfalfa Market Road. It is our understanding that you accept the efficacy of a 

similar system described in the Nevada case study we provided in our report, but denied this applicant 

on the grounds that the case study was unclear on the distance between the production facility and 

their points of measurement. What we do know is multiple measurements were taken between 1/8th of 

a mile and 1 mile, and also along their fence line, all downwind. We wanted to communicate to you 

directly to clarify why we see this evidence as a valid demonstration that this system will function 

effectively at the site in question. 

 This Fogco system relies on dispensing vapor into exhaust air by surrounding the fan outlets 

with a ring of nozzles. Vapor systems fundamentally depend on maximizing interaction between vapor 

and odors (literally how many particles of each will touch each other), and a central piece of this is 

treating air tightly to where odors are most densely gathered. Our independent research has led us to 

believe that these nozzle rings are the most effective way to meet these goals in a greenhouse 

application, as no significant amount of air can physically avoid this vapor as it exhausts. Both the air and 

vapor quickly disperse as they get further from the building, losing interaction as distance between 

particles increases. This implies that if no odors are detectable downwind, then the entirety of odor 

neutralization in this system must be happening very quickly, and very close to where air is leaving the 

greenhouses.  

 The Nevada case study describes that their odor tribunal could detect pungent cannabis odors 

with the system off, and then unanimously agreed that there was no discernible odor with the system 

on. As such, we do not expect a substantial difference in odor detection whether measuring a mile 

away, 1/8th of a mile away, or a few feet away. Regardless of this distance, detectable odors are 

neutralized at the point that they leave the structure. This is not a masking solution, and would not 

prevent the tribunal from detecting odors if they were present. This is why we see their consensus as 

strong evidence that this system will prevent detectable odors at any fence line on the property. 

 

Sincerely, 

Rob James 
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Glass House Grown 

Cannabis Odor and Noise Report 
 

To: Lindsey & Christopher Pate 

From: Laura Breit, PE  

Date: November 21, 2018 

QUALIFICATIONS 
I am a mechanical engineer licensed in Oregon, #79874PE. Our company has provided several dozen of 

these reports since 2016. While not a qualification by itself, this has involved extensive research, 

development of our own techniques, and a deeper understanding of the factors at play, including: 

-Common practices and requirements from other jurisdictions, and the effects of these as the 

cannabis industry matures 

 -Efficacy and required maintenance of various methods, such as carbon filtration and fogging 

-Increasingly sophisticated simulation software, and continued research on alternative 

standards 

SUMMARY 
This report addresses odor & noise mitigation for a processing facility located at 4859 N Highway 

97, Redmond, OR 97756. The purpose of the facility is agricultural support for a permitted cannabis 

cultivation greenhouse in Deschutes County. This facility will be used for cannabis processing, including 

production of three forms of solventless cannabis concentrates: rosin, ice water extract (IWE), and dry 

sift hash. No volatile substances, CO2, or harmful chemicals are used in these processes. Rosin and dry 

sift hash will be processed in the main structure, and IWE will be processed in a separate 10’ x 20’ 

building housing a walk-in freezer. Other rooms may be subject to cannabis odors as well, and will be 

used for drying, trimming, packaging, and storage. These aforementioned rooms will be referred to as 

“processing rooms” in this report. The support structure also includes employee spaces not used for 

cannabis processing or storage. 

The support structure is of solid, insulated construction, and the IWE building is a modified 

shipping container. Support structure peak roof height is 11’ 7”, although ceilings are 7’ 11”. Average 

roof height of 9’ 9” will be used in volume calculations for the sake of conservative calculation. The IWE 

building has a 8’ 6” ceiling. 

Odor in both structures will be neutralized with carbon filters attached to inline fans placed 

throughout the facility. The HVAC system will use mini-split heat pumps to condition both structures 

without needing to exhaust air to outside. Additionally, a compressor may be located outside the IWE 

structure to operate the walk-in freezer. No noise mitigation measures will be required, and the facility 

will only be staffed during normal working hours. 

9
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Further considerations of odor and noise from grow spaces, facility operation, and all exterior 

equipment will be discussed within this report. 

Fig. 1: Simple Floor Plan 

See Appendix A for further information about the site layout and location. 

Specification sheets on all HVAC and outdoor equipment can be found in Appendix B. 

Site geography and equipment positioning will impact the propagation of noise from this equipment. 

This will be discussed further, and photographs taken by ColeBreit Engineering during a site visit on 

November 15th, 2018 can be found in Appendix C. 

 

CANNABIS ODOR ANALYSIS AND CALCULATION 

Applicable Standard 

The Deschutes County code DCC 18.116.330(B)(10) reads: 

Odor. As used in DCC 18.116.330(B)(10), building means the building, including greenhouses, hoop 

houses, and other similar structures, used for marijuana production or marijuana processing. 

a. The building shall be equipped with an effective odor control system which must at all times 

prevent unreasonable interference of neighbors’ use and enjoyment of their property. 

b. An odor control system is deemed permitted only after the applicant submits a report by a 

mechanical engineer licensed in the State of Oregon demonstrating that the system will control 

odor so as not to unreasonably interfere with neighbors’ use and enjoyment of their property. 
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c. Private actions alleging nuisance or trespass associated with odor impacts are authorized, if at 

all, as provided in applicable state statute. 

d. The odor control system shall: 

i. Consist of one or more fans. The fan(s) shall be sized for cubic feet per minute (CFM) 

equivalent to the volume of the building (length multiplied by width multiplied by 

height) divided by three. The filter(s) shall be rated for the required CFM or 

ii. Utilize an alternative method or technology to achieve equal to or greater odor 

mitigation than provided by (i) above. 

e. The system shall be maintained in working order and shall be in use. 

 

Odor Mitigation Technology Review 

Activated Carbon Filtration has been utilized in many industries for many years, and is considered a 

proven technology. Due its relatively low first cost, it is a common odor control choice for cannabis 

facilities. 

See Appendix D for information gathered, including: 

A. Technology Overview 

B. Activated Carbon as a recognized odor control method in cannabis 

C. Activated Carbon as a recognized odor control method in other industries 

D. Activated Carbon has lowest first cost 

 

See Appendix E for odor control requirements of other jurisdictions. 

 

Proposed Odor Mitigation Design 

No air will be exhausted from processing rooms, and exchange of “smelly” air with non-

production spaces will be minimal. Two carbon filters with inline fans will circulate and scrub air at 

either end of the hallway near the exits to improve the likelihood that fugitive odors will be neutralized 

before they are able to leave the structure. Suggested carbon filter and fan products, placement, and 

sizing is shown on the following pages. The IWE Building should use a single carbon filter with inline fan 

within the walk-in freezer. ColeBreit does not anticipate any functionality issues with operating a carbon 

filter and inline fan within a cold space. 
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Room name Room Notes Width Length Square 

Footage 

Height Room Volume 

(rounded up) 

PROCESSING 

ROOM 

Production of cannabis 

concentrates 

13’ 16’ 10” 219 SF 9’ 9” 2136 CF 

PACKAGING 

ROOM 

Packaging of processed 

cannabis concentrates 

11’ 10’ 11” 120 SF 9’ 9” 1170 CF 

TRIM ROOM Trimming of cannabis 21’ 12’ 252 SF 9’ 9” 2457 CF 

DRY ROOM 1 Drying of cannabis 12’ 11’ 9” 141 SF 9’ 9” 1375 CF 

DRY ROOM 2 Drying of cannabis 12’ 11’ 9” 141 SF 9’ 9” 1375 CF 

FINISHED 

PRODUCT 

Storage of finished 

cannabis concentrates 

12’ 11’ 9” 141 SF 9’ 9” 1375 CF 

HALLWAY Irregular dimensions, see 

site plan 

4’ 65’ 9” 263 SF 9’ 9” 2565 CF 

WALK-IN 

FREEZER 

Separate structure for IWE 

processing, see site plan 

10’ 10’ 100 SF 8’ 6” 850 CF 

Table 1: Room information 

 

 

 

 

 

 

 

 

Room name 1/3rd of Room 

Volume 

Suggested Carbon 

Filter & Fan 

Supplied Carbon 

Filtration 

Excess Filtration 

PROCESSING ROOM 712 CF 10” Max-Fan w/ 

Can 100 Filter 

834 CFM 122 CFM 

PACKAGING ROOM 390 CF 8” Max-Fan w/ Can 

75 Filter 

550 CFM 160 CFM 

TRIM ROOM 819 CF 10” Max-Fan w/ 

Can 100 Filter 

834 CFM 15 CFM 

DRY ROOM 1 459 CF 8” Max-Fan w/ Can 

75 Filter 

550 CFM 

 

91 CFM 

DRY ROOM 2 459 CF  8” Max-Fan w/ Can 

75 Filter 

550 CFM 91 CFM 

FINISHED PRODUCT 459 CF 8” Max-Fan w/ Can 

75 Filter 

550 CFM 91 CFM 

HALLWAY 855 CF (2) 8” Max-Fan w/ 

Can 75 Filter 

1100 CFM 245 CFM 

WALK-IN FREEZER 284 CF 8” Max-Fan w/ Can 

75 Filter 

550 CFM 266 CFM 

Table 2: Carbon filtration by room 
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Fig. 2: Recommended carbon filter (CF) locations 
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Fig. 3: Can-Filters’ Can 75 & Can 100 Filter 
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Fig. 4: Can-Filters’ 8” & 10” Max-Fan 
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Odor Mitigation System Maintenance 

From the American Society of Heating, Refrigeration and Air Conditioning (ASHRAE), “the life of 

activated carbon in odor control systems ranges from a few weeks to a year or more, depending on the 

concentration of the odorous emission”. [2016 ASHRAE Handbook – HVAC Systems and Equipment, see 

Appendix F] This is in-line with the information we have received from the filter manufacturer, “The life 

of a filter is determined by the concentration of the contaminant, the relative humidity and the volume 

of air being cleaned. Unfortunately, there is no indicator light on the filter that tells you when it is ready 

to be replaced. Typically 12-18 months is expected of the Original Can-Filter, although many of them 

have lasted much longer.”  

Our recommendation is to change the pre-filter every three months along with the activated 

carbon filter every six months. Per ASHRAE, depending on the concentration of the contaminants, the 

filter life could be much shorter or longer than six months, so it is imperative that the facility manager 

keep a close eye on the “breakdown” of the carbon filter and change more frequently if required. 

Detectable odor is the evidence of breakdown. 

Replacement of carbon filters and prefilters and maintenance of fans will be the responsibility of 

the site owner.  

Odor Mitigation Conclusion 

This odor control system will satisfy the requirements of DCC 18.116.330(B)(10)(d)(i), and prevent 

unreasonable interference of neighbors’ use and enjoyment of their property. 

NOISE ANALYSIS AND CALCULATION 

Applicable Standard 

The Deschutes County code DCC 18.116.330(B)(11)(a) reads: 

Noise. Noise produced by marijuana production and marijuana processing shall comply with the 

following: 

a. Sustained noise from mechanical equipment used for heating, ventilation, air condition, 

odor control, fans and similar functions shall not exceed 30 dB(A) measured at any property 

line between 10:00 p.m. and 7:00 a.m. the following day. 

 

Noise Calculation and Analysis 

At the time of this report, the buildings described herein are not yet constructed, and no 

equipment was available for on-site testing. Instead, three ambient noise readings were taken during a 

morning site visit on November 15th, 2018 at approximately 7 am, and a virtual noise model was 

performed to estimate noise levels contributed by future HVAC equipment. Comparing these two 

analyses, with results shown in Figure 5 below, demonstrates how this site complies with the language 

and intent of Deschutes County code, and will not present a nuisance to neighboring properties. Due to 

the irregular shape of the property, tabulated results from the noise model will refer to the receiver 

points marked on Figures 5 & 7, rather than by the typical cardinal directions. 

 



P a g e  | 9 

 

 

 

 

Fig. 5: Existing ambient noise levels and expected equipment noise contributions at property lines (no 

equipment or cannabis-related structures installed).  

Ambient noise levels are marked on Figure 5 at the approximate location that each recording 

was taken, with the approximate average and the lowest level detected during each recording period. 

These are much higher ambient noise levels than most properties ColeBreit has reported on, due to the 

proximity to Highway 97. It can be expected that highway noise will significantly reduce perceptible 

noise from this site at all property lines, especially so on the eastern half. As an approximate 

demonstration of this effect, adding the western peak level of 28.2 dBA to the nearby ambient low of 

50.0 dBA, resulting noise levels are still 50.0 dBA. This is due to the logarithmic nature of combining 

noise levels. In other words, equipment noise will be completely “washed out” by typical highway noise 

across the site. See below for the method of simple decibel arithmetic: 
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Equipment information and sound ratings have been tabulated below. The compressor serving 

the IWE Building was chosen to represent the loud end of typical compressors for walk-in freezers, refer 

to Appendix B for more information. Any model of compressor may be installed, provided the sound 

rating does not exceed the 76 dBA shown here. 

Equipment Tag Serves dBA Rating Quantity 

Mini Split A MS-1 AG Support Structure 58 1 

Mini Split A MS-2 AG Support Structure 58 1 

Mini Split B MS-3 IWE Building 63 1 

Compressor COMP IWE Building 76 1 

Table 3: HVAC Equipment and Noise Ratings 

Sound will propagate from the levels provided by each piece of equipment out towards each 

property line. As the sound waves travel further from these sources, they become increasingly dispersed 

and less powerful at any given point. As this occurs, sound is also partially absorbed and partially 

deflected by ground, trees, vegetations, and structures, and is affected by atmospheric conditions. 

There are many factors that affect this manner of propagation across an outdoor space, far exceeding 

what could be presented with simple equations in this report. Due to this complexity, rather than being 

calculated by hand, noise is simulated with computer software called “DBmap”. This software 

automates all of these calculations in accordance with ISO 9613, Parts 1 & 2. ISO 9613 has been in place 

since 1996, and is an international standard for calculating outdoor sound propagation. Please refer to 

Appendix G to review the equations and general calculation process described by ISO 9613 Part 2 in 

detail. ISO 9613 Part 1 further details atmospheric effects on propagation, and can be provided upon 

request.  

These equations are an internationally accepted set of calculation methods that can be applied to any 

typical outdoor space. By manually inputting data into this software, placing buildings and equipment, 

manually placing receivers at chosen points along each property line, and adjusting settings to match 

the site in question, this simulation gives an accurate approximation of noise levels, with all factors 

considered, at this specific site.  

Ground hardness factor is a scale of noise absorption from flat pavement at 0.0 to a soft, densely 

vegetated field at 1.0. A ground hardness factor of 0.5 was assumed to reflect: 

-Flat, sandy ground with some grass coverage surrounding where the structures will be located 

-Dispersed tree coverage and areas of uneven ground throughout the property 

Noise receivers were modeled at the nearest, loudest, or otherwise most significant points along 

each property line at a height of 1.5 meters, the approximate height of a human listener. The model 

includes full, simultaneous operation of all equipment in approximate locations respective to the 

building. Equipment was modeled slightly outside of the dotted line surrounding each building; this line 

is called the “facade level” and placing equipment slightly outside of it will additionally model the 

reflection of noise off of the structure wall. A closeup of the building with noise propagation, a diagram 

of the whole site and receiver locations, and a table of final noise levels are on the following pages. 
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Fig. 6:  Equipment placement in relation to structures, and color-coded noise propagation, enlarged view 
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Fig. 7: Expected peak noise levels (calculated) at property lines with all future equipment operating. Note 

location of callout for Figure 6. 
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Receiver 

mark 

Final simulated dBA 

contributed by equipment 

Final predicted dBA levels from combined simulated 

equipment and 50 dBA, the lowest recorded ambient 

noise level 

A 28.2 50.0 

B 19.6 50.0 

C 19.1 50.0 

D 18.6 50.0 

E 23.3 50.0 

F 12 50.0 

G 13.7 50.0 

H 11.9 50.0 

Table 4: Final predicted noise levels at modeled receivers 

Equipment noise is not expected to exceed a 30 dBA contribution at any property line, regardless of 

ambience or operating schedule. This simulation does not account for uneven, hilly ground, or tree 

coverage in areas around the site, which could further dampen noise. 

Noise Mitigation Conclusion 

Given the simulations and considerations shown above, the facility will comply with DCC 

18.116.330(B)(11)(a).  
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Appendix A – Site Plans 

 

Fig. A1: Southwest section of site plan, showing locations of structures described in this report 

 

Figs. A2: Satellite image showing location of property and surrounding area 
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Appendix B – System Specifications 

 

Fig. B1: Mini Split A 
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Fig. B2: Mini Split B 
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Fig. B3: Typical walk-in freezer compressors 
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Appendix C – Site Photos 

 

Fig. C1: Ground conditions looking northeast from future greenhouse location 
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Fig. C2: Ground conditions looking west from greenhouse location, typical to flat areas of site 
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Appendix D – Odor Technology Review  
 

A. From “BiOdor Project Proposal Feasibility Study” 

 

Gingrich et al., Calvin College, 2015. 

 

Carbon Adsorption: 

In a carbon adsorber unit, the air stream passes over a bed of activated carbon and the contaminants 

adhere to the surface of the carbon, thus removed from the air stream. This is a relatively simple form of 

odor-control and the only real [operating] cost comes from purchasing new activated carbon after the 

old carbon has been spent. Moisture is a large limiting factor for carbon adsorption. It is imperative that 

the carbon be kept dry, lest the adsorptive capacity is greatly reduced. The disposal and replacement 

costs associated with carbon adsorption are also high compared to alternative technologies. 

Activated carbon removes hydrogen sulfide and other odor-producing compounds by catalyzing the 

oxidation of hydrogen sulfide, resulting in elemental sulfur and water according to the following 

reaction. 

2��� ��� + 
� ��� 
�����
�⎯⎯⎯� 

1

4
 �� ��� + 2��
 ��� 

Most of the water produced from this process is lost to the air stream as it passes through the system, 

while the sulfur is adsorbed into the porous surface of the activated carbon. The adsorption continues 

until the pores can no longer take in sulfur. As the pores reach their capacity for sulfur uptake, the odor 

compounds begin to break through the media, meaning noticeable odors are released from the unit 

indicating the media needs to be replaced. 

 
 

B. From “Final Environmental Impact Report for the Cannabis Land Use 

Ordinance and Licensing Program” 

 

County of Santa Barbara, California. December 2017. Appendix F: Cannabis Odor Control: Supplemental 

Odor Control Technology Research Summary. 

 

Introduction and Overview 

Effective technologies exist to suppress cannabis malodors. Activated carbon filtration systems have 

been proved to be effective for indoor cannabis facilities by Denver’s Department of Environmental 

Health. Vapor-phase systems have been proven to be effective for outdoor odor mitigation by the City 
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of San Diego’s Department of Environmental Services, Air Pollution Control District, and Solid Waste 

Local Enforcement Agency, as well as greenhouse cultivation by established greenhouse growers in 

Carpinteria. These technologies could be implemented to effectively reduce cannabis malodors in Santa 

Barbara County.  

Additionally, counties have implemented agriculture buffer requirements which serve in part to reduce 

land use conflicts which arise from odors.  Buffer requirements may be a useful strategy for cannabis 

odor mitigation within the County where neighboring land uses are far apart. Anecdotal evidence 

suggests that strong cannabis odors can still be detected large distances away from the source. Thus, 

buffers may be utilized but are likely to be more effective remote areas of the County where larger 

buffer distances could be implemented. In more urban areas, odor mitigation technologies would be 

more appropriate as they would significantly reduce odors over a shorter distance. 

 

Activated Carbon Filtration 

Ventilation System 

In this system, odor causing agents are adsorbed and filtered through activated carbon (Pennsylvania 

State University 2002). Odorous gas from the operation facility is collected via a ventilation system. 

Blowers then direct the gasses to the distribution system which uniformly delivers the gas to the filter. 

The filter sorbs and degrades the odors resulting in relatively odor-free exhaust.  

Supporting information and Current Usage 

The City of Denver’s Department of Environmental Health regulates nuisance odors under Denver 

Revised Municipal Code, Chapter 4 – Air Pollution Control, Section 4-10. Under this rule, an odor control 

plan must be submitted  1) describing any odors anticipated to originate from the premises of marijuana 

growing, processing, and manufacturing facilities and 2) describing control technologies that will be used 

to prevent odors from leaving the premises (City and County of Denver 2017). The Department of 

Environmental Health states the, “rule recognizes carbon filtration as the current best control 

technology for marijuana cultivation and marijuana infused product facilities” (Denver Department of 

Environmental Health 2017). However, other odor control technologies are permitted so long as it can 

be demonstrated that the technology can effectively mitigate odors.  

The Director of the Environmental Quality Division of Denver’s Department of Environmental Health 

(Denver Director) was contacted by phone on November 30, 2017 to discuss how effective carbon 

filtration is, where it has been applied, and if it had the potential to impact product quality. The Denver 

Director stated that approximately 60 percent of indoor grow operations in Denver had installed odor 

mitigation control prior to the rule, and that 98 percent of those who installed odor mitigation had 

utilized carbon filtration. In creating the rule, input from indoor grow operators and HVAC control 

technicians was included to ensure the regulations would reflect technical and economic feasibility. City 

officials toured the cultivation facilities to determine the effectiveness of the carbon filtration 

technology. City officials determined that carbon filtration was effective in removing odors. However, 

the Denver Director stated that carbon filtration is only effective for processing facilities and indoor 

grows, which was the only type of cultivation facility in Denver at the time of the ruling. The Denver 
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Director noted that the initial cost of investment for a carbon filtration system is $10,000-$15,000 for a 

medium-sized 10,000 square foot indoor facility with an additional $2,000-$3,000 per year in operation 

and management costs. The Denver Director also stated that the carbon filtration technology would not 

impact the quality of the cannabis. Finally, the Denver Director stated that the quality of cannabis would 

only be impacted if the HVAC system, not the carbon filtration system, malfunctioned and humidity was 

not properly controlled.  

A grower in Carpinteria was contacted by phone on November 19, 2017. The grower utilizes vaporphase 

technology (discussed below) to mitigate cannabis odors from his greenhouse in Carpinteria. He had 

considered carbon filtration, but stated that he did not use it because he would not have been able to 

control the internal environment of his greenhouse. The grower noted that carbon filtration would be 

appropriate for manufacturing, indoor grows, drying rooms, and packaging.  

A Code Compliance Officer for the Portland Cannabis Program (Portland Officer), stated that there is no 

specific odor requirement for the City of Portland. If odor complaints are made, then an action plan is 

required to reduce odors. Portland’s Zoning Code Section 33.262.070 simply states that “continuous, 

frequent, or repetitive odors may not be produced” (City of Portland 2017a). Portland’s code guide for 

cannabis businesses states that “all exhaust and relief air should be filtered or scrubbed” in order to 

comply with the zoning code (Portland Bureau of Development Services 2017). The Portland Officer 

stated that retailers, wholesalers, and processors use countertop carbon systems in order to mitigate 

odors. Large ventilation systems with activated carbon filters are used for indoor cultivation. These 

systems are scaled proportionately to the size of the facility. However, Portland does not currently have 

any greenhouses and the Portland Officer does not know of any odor mitigation strategies for 

greenhouses. 

Canisters  

Activated carbon ventilation systems which are supported by activated carbon gas canisters.  

Supporting Information and Current Usage  

The Director of the Planning and Development Department of the City/County of Pueblo, Colorado 

(Pueblo Director), was contacted by phone on December 1, 2017. The Pueblo Director stated that 

Pueblo only regulates odor for cannabis in industrial zones and that agricultural zones is exempt from 

cannabis odor mitigation. Pueblo County Code Title 17 Chapter 17.120.190 requires that all cannabis 

establishments in the central business zoning district (B-4) have odor mitigation. “The building (term 

includes buildings, greenhouses, and hoop houses) shall be equipped with a ventilation system with 

carbon filters sufficient in type and capacity to eliminate marijuana odors emanating from the interior to 

the exterior discernable by a reasonable person…” (County of Pueblo 2017). The Pueblo Director stated 

that mitigate odors in greenhouses, some growers are using canisters with activated carbon inside to 

filter the air. This works similarly to the ventilation activated carbon systems used in indoor grows but 

can be used for greenhouses. The Pueblo Director and officials from the Department of Public Health 

and Environment plan to use an olfactometer to test the effectiveness of this technology in greenhouses 

on December 21st. 
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C. From “Odor in Commercial Scale Compost: Literature Review and Critical 

Analysis 

 

Washington State University & State of Washington Department of Ecology. October 17, 2013. 

 

The fourth major odor-control strategy includes incorporation of carbon-based materials to piles, 

including activated carbon, high carbon wood ash, and biochar. Among these, activated carbon is 

generally understood to be technically effective but too expensive for widespread use in compost odor 

control.  

 

 

D. From “Evaluating Odour Control Technologies Using Reliability and 

Sustainability Criteria: Odour control technology at wastewater 

treatment or water recycling plants. 

 

NJR Kraakman, J Cesca. November 2012. 

 

Activated Carbon Filter (AC): A granular impregnated AC bed (density 450kg/m^3), including a pre-filter 

operated at an EBRT of 2.5 sec, a system pressure drop of 900 Pa (excluding the pressure drop of an 

upfront pre-filter of 250 Pa) and a cost of $6 per kg was used as a model adsorption filter. The most 

common practice in AC filtration involves two filters (one filter in operation and one in standby to allow 

bed replacement). Bed replacement is based on empirical experience because carbon manufacturers 

typically do not guarantee carbon life in wastewater treatment plant (WWTP) applications. A standard 

carbon life of 12 months was used for stand-alone applications and the inlet concentrations of 10 ppm. 

No regeneration of the AC was considered. Disposal costs as a hazardous waste of $500 per kL were 

used for landfill. 
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Appendix E – Odor Control Requirements of Other Jurisdictions  
 

 

A. From Happy Valley Municipal Code 16.49.030 

 

Happy Valley Municipal Code 16.49.030 (D & E): 

D. Odor. As used in Section 16.49.030, building means the building, or portion thereof, used for 

marijuana production or processing and shall be regulated as follows: 

1. The building shall be equipped with an activated carbon filtration system for odor control to 

ensure that air leaving the building through an exhaust vent first passes through an activated 

carbon filter; 

2. The filtration system shall consist of one or more fans and activated carbon filters. At a 

minimum, the fan(s) shall be sized for cubic feet per minute (CFM) equivalent to the volume of 

the building (length multiplied by width multiplied by height) divided by three. The filter(s) shall 

be rated for the applicable CFM; 

3. The filtration system shall be maintained in working order and shall be in use. The filters shall 

be changed a minimum of once every three hundred sixty-five (365) days; 

 4. Negative air pressure shall be maintained inside the building; 

 5. Doors and windows shall remain closed, except for the minimum length of time 

needed to allow people to ingress or egress the building; 

6. The filtration system shall be designed by a mechanical engineer licensed tin the State of 

Oregon. The engineer shall stamp the design and certify that it complies with this subsection 

(D); and 

7. An alternative odor control system is permitted if the applicants submits a report by a 

mechanical engineer licensed in the State of Oregon demonstrating that the alternative system 

will control odor as well or better than the activated carbon filtration system otherwise 

required. 

E. Noise. The applicant shall submit a noise study by an acoustic engineer licensed in the State of 

Oregon. The study shall demonstrate that generators as well as mechanical equipment used for heating, 

ventilating, air conditioning, or odor control will not produce sound that, when measured at any lot line 

of the subject property, exceeds fifty (50) dB(A). 
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B. From Estacada Ordinance Series of 2016, No. 005, 16.07.010 (C) 

 

C. Odor. As used in subsection 16.65.020 (C), building means the building, or portion thereof, 

used for marijuana retailing. 

1. The building shall be equipped with an activated carbon filtration system for odor control to 

ensure that air leaving the building through an exhaust vent first passes through an activated carbon 

filter. 

2. The filtration system shall consist of one or more fans and activated carbon filters. At a 

minimum, the fan(s) shall be sized for cubic feet per minute (CFM) equivalent to the volume of the 

building (length multiplied by width multiplied by height) divided by three. The filter(s) shall be rated for 

the applicable CFM.  

3. The filtration system shall be maintained in good working order and shall be in use. The filters 

shall be changed a minimum of once every 365 days. 

4. Negative air pressure shall be maintained inside the building.  

5. Doors and windows shall remain closed, except for the minimum length of time needed to 

allow people to ingress or egress the building. 

6. The filtration system shall be designed by a mechanical engineer licensed in the State of 

Oregon. The engineer shall stamp the design and certify that it complies with subsection 16.65.020 (C). 

7. An alternative odor control system is permitted if the applicant submits a report by a 

mechanical engineer licensed in the State of Oregon demonstrating that the alternative system will 

control odor as well or better than the activated carbon filtration system otherwise required. 

 

 

C. From Kalamazoo County, Michigan, Ordinance N. 595 

 

d.  Odor. It is the intent of this ordinance that no odor shall be detectable outside of any building 

where marijuana is present. As used in this subsection, building means the building, or portion thereof, 

used for marijuana production or marijuana processing. 

i. The building shall be equipped with an activated carbon filtration system for odor control to 

ensure that air leaving the building through an exhaust vent first passes through an activated carbon 

filter. 

ii. The filtration system shall consist of one or more fans and activated carbon filters. At a 

minimum, the fan(s) shall be sized for cubic feet per minute (CFM) equivalent to the volume of the 

building (length multiplied by width multiplied by height) divided by three. The filter(s) shall be rated for 

the applicable CFM. 
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iii. The filtration system shall be maintained in working order and shall be in use. The filters shall be 

changed a minimum of once every six (6) months or as manufacturer recommended. 

iv. Negative air pressure shall be maintained inside the building.  

v. Doors and windows shall remain closed, except for the minimum length of time needed to allow 

people to ingress or egress the building.  

vi. An alternative odor control system is permitted if the special use permit applicant submits and 

municipality accepts a report by a mechanical engineer licensed in the state of Michigan demonstrating 

that the alternative system will control odor as well or better than the activated carbon filtration system 

otherwise required. The municipality may hire an outside expert at the applicant’s expense, to review 

the alternative system design and advise as to its comparability and whether in the opinion of the expert 

it should be accepted. 

 

 

D. From Regulatory Guidance for Licensed I-502 Operations in Spokane 

County 

 

Air Quality and Odor Controls: 

Odor – All businesses must comply with Spokane Clean Air’s odor regulation. Odor control measures 

may include, but are not limited to: use of carbon adsorption media or other controls at all exhaust air 

discharge points, use of vertical exhaust vents or stacks, and/or completely enclosing the operation and 

recirculating ventilation air within the enclosure. 
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Appendix F – ASHRAE Statement Regarding Carbon Filter Life  

 
 

A. From 2016 ASHRAE Handbook – HVAC Systems and Equipment 

 

“Incineration and scrubbing are usually the most economical methods of controlling high 

concentrations of odorous compounds from equipment such as cookers in rendering plants. However, 

many odors that arise from harmlessly low concentrations of vapors are still offensive. The odor 

threshold (for 100% response) of acrolein in air, for example, is only 0.21 ppm, whereas that for ethyl 

mercaptan is 0.001 ppm and that for hydrogen sulfide is 0.0005 ppm (AIHA 1989; MCA 1968). Activated 

carbon beds effectively overcome many odor emission problems. Activated carbon is used to control 

odors from chemical and pharmaceutical manufacturing operations, foundries, sewage treating plants, 

oil and chemical storage tanks, lacquer drying ovens, food processing plants, and rendering plants. In 

some of these applications, activated carbon is the sole odor control method; in others, the carbon 

adsorber is applied to the exhaust from a scrubber.” 

 “The life of activated carbon in odor control systems ranges from a few weeks to a year or more, 

depending on the concentration of the odorous emission. 
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Appendix G – ISO 9613, Part 2: General Method of Calculation 
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