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My job is to provide free environmental 
consulting services to small businesses in 
Colorado. 

www.colorado.gov/cdphe/greencannabis
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50%  - Assistance
Requests 

50%  - Projects for 
Industry of Focus



Types of Businesses I Help 
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National Network of Environmental Small Business 
Providers – Free Resource

Program established as part of the Clean Air Act Amendments of 1990. Help small businesses access 
environmental compliance and sustainable business information. Services are free and confidential as 

we act as your small business advocate on environmental issues.
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nationalsbeap.org/states

Presenter
Presentation Notes
We help small businesses and assistance providers access environmental compliance and sustainable business information. Our services are free and confidential and we act as your small business advocate on environmental issues. 



474 Stores
680 Cultivations
236 MIPs

MED
549 Stores
732 Cultivations
278 MIPs

REC

Updated December 3, 2018

Presenter
Presentation Notes
The state is now home to 1,440+ cultivation facilities. (as of 12-6-17) For comparison, Colorado only has 322 Starbucks Stores. 

There are more dispensaries in Colorado than Starbucks (481), McDonald’s (237) and 7-Elevens combined (353).  (over 1,000 dispensaries) 

Most cannabis businesses meat the CO SBAP definition of “small business” because they have less than 100 employees. 



Cannabis Environmental Impacts 
• VOCs emitted from growing cannabis & evaporating solvents during 

extraction processes. 

Air

• CO’s marijuana sector heavily relies on electricity to run artificial lights, as 
well as air-conditioning and dehumidifiers. 

Energy

• Since marijuana is grown indoors, cultivation facilities rely on the 
municipal water distribution system for influent irrigation and effluent 
discharge. 

Water

• Organic wastes, mercury-containing lighting and ballasts, solvents, 
electronics (e-waste) and batteries. 

Waste
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~45 mins

~30 mins

Presenter
Presentation Notes
Energy- The energy needed to produce the amount of marijuana in a single joint is enough to produce 18 pints of beer. 

Electrical generation is responsible for a large portion of greenhouse gasses and other air pollutants, energy efficiency has an impact on air quality in Colorado. 



Air Quality Impacts from Cannabis 
Cultivation and Extraction 
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Terpenes = Marijuana Odor = VOC Emissions
Solvents = VOC Emissions

www.colorado.gov/cdphe/greencannabis/air-quality

http://www.colorado.gov/cdphe/greencannabis/air-quality


What is a VOC? 
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Volatile organic compounds:

‒Organic chemical compounds that participate in atmospheric 
photochemical reactions that create smog/ozone

‒ Evaporate under normal indoor atmospheric conditions.

VOC Examples: Solvents, terpenes, pesticides, fire retardants, 
alcohols, paints, personal care products, cleaners, dry cleaning, etc. 

Presenter
Presentation Notes
Example VOCs 



VOC chemically react with NOx in 
sunlight to form ground-level ozone.
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VOC VOC

VOC VOC

VOC NOx NOx

NOx NOx

NOx

Ozone*Terpenes (odor)

Presenter
Presentation Notes
Denver is a NOx rich environment so any new VOCs readily react to form ozone. 



Breathing ozone has negative health affects 
and is harmful to the environment.
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Elevated ozone can cause:
‒Stinging eyes and throat
‒Chest pain
‒Coughing
‒Breathing difficulty
‒Cardiovascular harm
‒Environmental impacts

O

O

O

Presenter
Presentation Notes
When sufficient ozone enters the leaves of a sensitive plant, it can:
Reduce photosynthesis, which is the process that plants use to convert sunlight to energy to live and grow.
Slow the plant's growth.
Increase sensitive plants' risk of:
Disease
damage from insects
effects of other pollutants
harm from severe weather.

The effects of ozone on individual plants can then have negative impacts on ecosystems, including:
loss of species diversity (less variety of plants, animals, insects, and fish)
changes to the specific assortment of plants present in a forest
changes to habitat quality
changes to water and nutrient cycles.
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Presenter
Presentation Notes
On this map, all the green stars represent the 1,460+ cannabis cultivation facilities in Colorado. The red and brown areas outline the state’s health equity and environmental justice priority areas. The green shaded section of the map is the Denver Metro/North Front Range ozone nonattainment area. Notice that there is a higher concentration of cultivation facilities in metro areas. Over 50% of Colorado facilities fall within the nonattainment area. 

The Air Divisions’ number one Performance Partnership Agreement goal is to come into attainment with the National Ambient Air Quality Standards. Cannabis grow operations fall under the agricultural exemption from state air regulations, so we are seeking to reduce emissions from the industry through voluntary efforts and outreach. 

This map also shows that the industry may disproportionately affect HE&EJ priority areas with 65% of facilities being within 2 miles of a HE&EJ priority area. 
The HEEJ priority areas were identified using CDPHE’s HEEJ viewer which is a map that overlays different data representing regulated environmental facility locations, aggregated health outcomes, and socio-demographic characteristics, at the census tract-level geography, across the State of Colorado. (Similar to EJ Screen) Using analytical techniques, the Data Viewer highlights those census tracts that have the highest “combined” burden for important health outcomes and socio-demographic characteristics, offering a visual perspective for where Health Equity and Environmental Justice collaborative activities could be focused. 





Colorado’s ozone nonattainment area

Over 50% of 
Colorado’s marijuana 
facilities fall within 
the ozone 
nonattainment area. 

Presenter
Presentation Notes
Over 50% of Colorado cultivation facilities fall within the ozone nonattainment area. 



VOC emissions from cannabis cultivation are 
subject to state air quality regulations
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Marijuana cultivation is considered an 
“agricultural activity” 
‒ Even when it is grown indoors

Agricultural activities are exempt (for 
the most part) from state air quality 
regulations
‒ CRS 25-7- 109(8)(a)

Presenter
Presentation Notes
Therefore our study is knowledge based and not necessarily seeking new regulatory oversight. 



Unknown VOC Emission Rate for 
Cannabis Cultivation 
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How many pounds of VOCs are emitted from 
producing a pound of marijuana? 

Presenter
Presentation Notes
So can’t really say what the industry’s impact is on ozone formation. 

EPA usually researches industry air emissions but won’t for marijuana because of it’s legal status. 

Hard to get funding for research on cannabis. 



CDPHE Air Quality 
Sampling Study
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 Air quality sampling at four cannabis 
cultivation facilities

• Air Samples collected:
• Clone, veg., flower rooms
• Harvesting and trimming activities
• Pre and post filtration at exhaust points

$31,000 to establish a VOC emission 
factor for cannabis cultivation 

Presenter
Presentation Notes
So can’t really say what the industry’s impact is on ozone formation. 

EPA usually researches industry air emissions but won’t for marijuana because of it’s legal status. 

Hard to get funding for research on cannabis. 



CDPHE Cannabis Air Quality 
Sampling Study
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Air quality samples will be collected by pumping air through glass tubes filled with 
an absorbent resin (Tenax) at intervals of about 10-20 minutes per sample. In the 
lab, VOCs are desorbed, separated, & analysis by mass spectrometry 

Presenter
Presentation Notes
In the lab, VOCs (terpenes) are desorbed from the resin using an automated thermal desorber TurboMatrix 650, followed by gas chromatographic separation on Clarus 680 and analysis by mass spectrometry on Clarus SQ8 (all equipment is by PerkinElmer). VOCs are identified by their retention time and mass spectra. The target compounds are quantified using calibration with analytical standards.


Once we have an established emission factor for cannabis cultivation, we can use production and licensing data to model the industry’s impact on ozone formation. 




CDPHE Cannabis Air Quality 
Sampling Study Timeline
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March 2020
Publish 
results

Sept 2019-
Dec 2019

Data 
Validation, 
Modeling,
Write-up

Feb 2019-
Sept 2019 
Conducting 

Study / 
Sample 

Collection

Sept 2018
Funds 

Released for 
Pilot Study  

Jan 2018
Awarded

“Innovation 
Grant” 

Funding



Solvents Evaporate VOCs during 
Extraction and Cleaning

18

Common Solvents 
‒ Propane 
‒ Butane 
‒ Ethanol 
‒ Isopropyl Alcohol

Mass Balance for 
calculating air emissions
‒ Purchased minus 

inventory minus waste 
pick-up  

‒ Assume everything else 
evaporates

VOC

VOC

VOC

VOC

VOC

VOC
VOC

www.colorado.gov/cdphe/greencannabis/air-quality

Presenter
Presentation Notes
SOLVENTS USED FOR MJ EXTRACTION 
• ETHYL ALCOHOL/ETHANOL 
• ISOPROPYL ALCOHOL/ISOPROPANOL 
• ACETONE 
• SUPERCRITICAL/SUBCRITICAL CO2 • 
• BUTANE 
• PROPANE 
• PENTANE 
• HEPTANE

HEMP ALSO ALLOWS FOR HEXANE

http://www.colorado.gov/cdphe/greencannabis/air-quality


VOC emissions from extraction facilities 
subject to air quality regulations!
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 The processing of the plants with solvents to 
extract concentrates at MIP facilities is 
considered a manufacturing process. 

Manufacturing processes are subject to air 
quality regulations including APEN and 
permitting requirements based on annual 
emissions levels.  
www.colorado.gov/cdphe/greencannabis/air-quality

Most extraction facilities 
are unaware of these air 
quality regulations and 

are currently in 
compliance!

Presenter
Presentation Notes
Therefore our study is knowledge based and not necessarily seeking new regulatory oversight. 

http://www.colorado.gov/cdphe/greencannabis/air-quality


Odor control BMPs may also control 
VOC emissions
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Carbon filtration is 
currently the best control 
technology for reducing 
VOC emissions from 
cannabis cultivation 
facilities. (50-98%) 

Carbon filter 
with pre-filter

Presenter
Presentation Notes
Depending on the filter system, carbon filtration can remove 50% - 98% of VOCs. As the filter ages, less carbon surface area is available to trap VOCs; at this point the filter will need to be replaced. Depending on the filter load, most carbon filters will last 6-12 months in a commercial cultivation environment and should be replaced according to the manufacturer’s recommendations.



Recommended BMPs for Carbon 
Filtration for VOC Reduction 
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• Choose a filter with a high VOC removal 
efficiency 

• Do not exceed the maximum rated cubic feet 
per minute rating for air circulation through 
the filter to allow for proper contact time

• Inspect and replace on a schedule with new 
filters in May before ozone season 

• Have a pre-filter to extend filter life



Odor Control Options for Cannabis
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Controls VOC and 
odor

Carbon 
filtration

Neutralizing 
agents

Controls odor but 
not VOC

Masking/ 
counteractive 

agents

Presenter
Presentation Notes
Questions to ask your odor control supplier about VOC Control:
For carbon filtration, how often do I need to replace my carbon filter?
For chemical treatment: 
Are we neutralizing or masking the odors?
Have you done any studies to quantify VOC reduction? 
What is the chemical reaction taking place? Are there any VOCs left over?




Reducing VOC emissions from 
cannabis cultivation facilities will:
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 Contribute to reducing ozone 
concentrations that negatively 
impact human health and the 
environment

 Help the nonattainment area 
come into compliance with 
the ozone standard

VOC VOC

VOC VOC

VOC



Diesel engines that power cannabis 
cultivation operations emit NOx
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Complaints about cannabis 
cultivation operations using diesel 
generators for electrical power in 
rural Colorado

‒Sole or supplemental power supply

‒Emergency back-up  

NOx

NOx

NOx



Summary Of Cannabis Air Impacts 
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Volatile Organic Compound (VOC) Emissions
• Cultivation of the plants (Terpenes=VOC)  
• Evaporating solvents during extraction and winterization processes 
• Cleaning solvents evaporating during use
• More of a concern in urban areas for ozone formation

Nitrogen Oxides (NOx) Emissions 
• Diesel generators/engines for supplying electricity to indoor and greenhouse 

cultivation operations
• Issue unique to rural areas that are at electrical grid capacity

Presenter
Presentation Notes
While growing cannabis in a controlled indoor space leads to faster production and greater product variety





Air Pollution BMPs for Cannabis 
• Cultivation Facilities

• “Sealing” the grow space and controlling air flow through carbon filters
• Venting greenhouses at night 
• Maintain temperature and humidity within ranges to reduce odors & VOCs
• Document operating and maintenance procedures for HVAC system and 

carbon filters
• Extraction Facilities 

• Inspect and maintain all storage devices of solvents and extraction equipment 
to prevent leaks

• Never dispose of a solvent through direct evaporation or spillage
• Maintain an inventory of all solvents & calculate annual air emissions
• Robust employee training program 

www.colorado.gov/cdphe/greencannabis/air-quality

http://www.colorado.gov/cdphe/greencannabis/air-quality


Kaitlin Urso
Kaitlin.Urso@state.co.us 
303-692-3175
www.colorado.gov/cdphe/greencannabis
www.linkedin.com/in/kaitlin-urso-420

Questions? 

Up Next: Energy, Water, and Waste Impacts



Cannabis Industry’s 
Energy, Waste, and 

Water Impacts 

Presented by: Kaitlin Urso
Colorado Department of Public Health and Environment

Tuesday- January 29, 2019 



Energy for Growing Cannabis 
Most of Colorado’s marijuana is grown in indoors. 

2019 North American Cannabis Summit 29https://www.denvergov.org/content/dam/denvergov/Portals/771/documents/EQ/MJ%20Sustainability/Ca
nnabis_BestManagementPracticesGuide_FINAL.pdf

In Denver, Electricity 
use from cannabis 
cultivation and 
infused products 
manufacturing grew 
by 36 percent 
annually, on average, 
between 2012 and 
2016.

52%
38%

5%5%

% OF ENERGY CONSUMPTION

HVAC &
Dehumidification
Lighting

Water Handling

CO2 Injection &
Drying/Curing

Presenter
Presentation Notes
While growing cannabis in a controlled indoor space leads to faster production and greater product variety

The cannabis industry now makes up almost 4% of Denver’s total electricity use. 

https://www.denvergov.org/content/dam/denvergov/Portals/771/documents/EQ/MJ%20Sustainability/Cannabis_BestManagementPracticesGuide_FINAL.pdf


BMPs: Improving Energy Efficiency 

 Track and trend your energy metrics
‒ Grams/Watt (lighting only)
‒ Grams/kWh (total energy usage) 
‒ Grams/sqft of cultivation space (efficiency) 
‒ Trend HVAC seasonality 

 Adjust Equipment Scheduling 
‒ Stagger room schedules to avoid peak demand

Optimize Systems
‒ Lighting –upgrade and stagger cycles
‒ HVAC

2019 North American Cannabis Summit 30

Presenter
Presentation Notes
Managing the operation of various systems within the facility by setting staggered room schedules can significantly reduce energy costs and negative impacts on the power grid. Reducing peak demand also creates community-level environmental benefits, because energy providers utilize “peaker plants” that are generally older, less efficient and have higher emissions to provide additional electricity during times of high demand



BMPs: Improving Energy Efficiency 

Rolling benches to optimize space 
utilization and light canopy 

 Vertical farming

 Fans to circulate HVAC and create a 
uniform environment

Condensate recapture 
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Presenter
Presentation Notes
Managing the operation of various systems within the facility by setting staggered room schedules can significantly reduce energy costs and negative impacts on the power grid. Reducing peak demand also creates community-level environmental benefits, because energy providers utilize “peaker plants” that are generally older, less efficient and have higher emissions to provide additional electricity during times of high demand



Online Environmental Data Tracking 
Tool for the Cannabis Industry

 To help cannabis cultivation businesses track, trend, benchmark 
environmental related data in a secure way among their industry 
peers. 

 Help identify industry specific best management practices associated 
with increased profit margins and simultaneous environmental benefits. 

 Empower cannabis businesses to set efficiency related data goals and 
track progress. Also track ROI on sustainability projects.

 Support eligibility for industry environmental awards 

 Anonymously share data among peers 
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Expected 
Release:

Spring 2018 

Presenter
Presentation Notes
This online tool was collaboratively built in an effort to unify the cannabis industry in a way that inspires voluntary environmental improvements and sustainability efforts. 

Quantify and track: Energy, fuel, water, waste, air emissions, Etc

Xcel Energy suggests that energy consumption from the marijuana industry is growing rapidly, with as much as a 345% increase in sales since January 2011 • Insufficient data available to segment the industry separately within the analysis and adequately characterize energy efficiency opportunities.



Plant Waste from the Cannabis Industry
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• Plant Waste
• Composting and diversion

• 50/50 rule
• Solvent contaminated waste

• Hazardous vs universal 
• THC level and transport 

• Recover for industrial fiber 
applications  

Presenter
Presentation Notes
Organic wastes, mercury-containing lighting and ballasts, solvents, electronics (e-waste) and batteries. 





Fiber Recovery and Reuse

34



Additional Waste from Cannabis Industry

 Packaging waste
‒ Most not recyclable 

Mercury-containing lighting 
and ballasts

 Spent Solvents
‒ Hazardous Waste 

 Electronics and batteries
‒ E-waste 
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Water Impacts of the Cannabis Industry

2019 North American Cannabis Summit 36

• Indoor cultivations- municipal water 
distribution system for influent 
irrigation and effluent discharge. 
• Nutrients and pesticides
• Energy load and air impacts

• Cultivations often have additional in-
house water treatment 
• UV, ozone, RO, carbon filter

Presenter
Presentation Notes
Water- Influent filtration and treatment can be necessary for crop optimization which results in energy consumption and waste generation. 

Also, water utilities use a significant amount of energy (about 5% of the total US electrical use) so water optimization can have a secondary impact on air emissions from power generation.  

Inefficient water use not only wastes this precious resource, but can cause facility damage by encouraging fungal growth, create worker air quality safety hazards and add extra load to the HVAC system, wasting energy. 

SBAP promotes water conservation best management practices

reverse osmosis generates substantial water losses in the brine byproduct.





Water in the Cannabis Industry

Over -watering can cause additional 
HVAC load and fungal growth

Rainwater capture for indoor use is not 
allowed 

 Storm water
‒ Nothing but rain water down the storm drain
‒ Washing “grow trays” outdoors

 BMP-
Automated/scheduled/measured/tracked 
irrigation
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Kaitlin Urso
Kaitlin.Urso@state.co.us 
303-692-3175
www.colorado.gov/cdphe/greencannabis
www.linkedin.com/in/kaitlin-urso-420

Questions? 
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