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Indoor cannabis cultivation uses the largest 
amount of energy when compared to any 
other production method, and creates 
the largest associated carbon footprint. 
Greenhouse gas (GHG) emissions baselining 
provides companies with a snapshot of short-
term energy use and long-term financial 
risk. Studies have consistently found that 
implementing comprehensive climate 
protection programs makes companies more 
competitive for a wide variety of reasons, 
including significant financial savings, brand 
reputation, and increased employee and 
customer satisfaction. A recent report from 
Goldman Sachs1 found that companies that 
are leaders in environmental, social and good 
governance policies are outperforming the 
MSCI world index of stocks by 25% since 2005. 
Seventy-two percent of the companies on the 
list outperformed industry peers.2 
Taking a more in-depth view of fuel use 
and electricity/resource consumption 
allows cannabis companies to identify 
opportunities to increase efficiencies 
and reduce costs while minimizing GHG 
emissions. This will also keep the company’s 
policies, procedures and operations ahead 
of rapidly evolving, energy-related building 
codes and regulatory frameworks. Denver 
has determined that maintaining progress 
toward the 2050 carbon reduction targets 
is critical to the longevity of the city. 
These factors show us that not only is it 
a good business decision to look at your 
carbon output and explore ways to create 
reductions, but it also contributes to the local 
community and reduces the environmental 
impact of the industry.

WHAT IS A CARBON FOOTPRINT?
A carbon footprint in the context of the 
cannabis industry can be defined as the 
total amount of GHGs emitted during the 
production of raw cannabis and cannabis-
related products. 

However, a holistic approach to carbon 
footprinting should include:
• A detailed breakdown of GHG emission 

sources, factors and calculation 
methodologies

• Short- and long-term emission reduction 
goals

• Specific strategies for reduction and 
tracking reductions

• A management plan for updating and 
continued tracking of the GHG emissions 
and sources

Creating a carbon footprint that is also a 
strategic planning document will lead to better 
incorporation of carbon reduction strategies 
and provide deeper insight into company 
operations, revealing the potential for cost-
saving efficiency investments.
The heavy data analysis portion of a carbon 
footprint will be the GHG Inventory. This 
section is a detailed accounting of all GHGs 
emitted during the production process and 
operations of a cannabis company. These 
GHGs can include Methane, Nitrous Oxide, 
Butane, Propane, and many other gases, 
but will usually be expressed as Carbon 
Dioxide Equivalent or CO2e. For any quantity 
and type of greenhouse gas, CO2e signifies 
the amount of CO2 which would have the 
equivalent global warming impact. Specific 
operational and company data are needed 
to make an accurate accounting of GHG 
emissions. Emissions factors, or the amount 
of CO2e per unit of energy/input, are readily 
available for most activities in the cannabis 
growing industry.
A well-rounded carbon footprint  should 
analyze the applicable data and set 
reasonable, achievable goals based on the 
specific cannabis company and its projected 
strategic plan. This will allow the operations 
of the company to grow alongside its 
sustainability goals, creating a more resilient 
and adaptable business.

I N T R O D U C T I O N
CARBON FOOTPRINTING

1 “GS Sustain.” Goldman Sachs 2007 http://www.natcapsolutions.org/Presidio/Articles/Climate/ GoldmanSachsReport_v2007.pdf
2 Alderton, Margo, “Recent report finds corporations that lead in corporate responsibility also lead in the market,” Socially Responsible 
Investing 07-11 17:57, also at http:// www.csrwire.com/companyprofile?id=4489 1



TYPES OF CARBON EMISSIONS
Organizing and collecting all the data 
necessary for a carbon footprint is a good 
exercise in itself for looking at company 
operations, but can seem overwhelming at first. 
It is easier to understand what kind of data is 
necessary for the GHG inventory by breaking it 
down into the three primary scopes:
• Scope 1 Emissions: An organization’s direct 

GHG emissions produced on-site. Examples 
include diesel generators, transportation 
fuel for delivery/company vehicles, CO2 
supplementation being used in facility grow 
operations or any excess natural gas emissions 
attributed to concentrate production.

• Scope 2 Emissions: An organization’s off-site 
carbon emissions, or indirect emissions. 
This figure is most frequently attributed 
to electricity usage, unless a company 
is producing all of its energy through 
renewables on-site. For Denver, the primary 
sources of power generation are coal and 
natural gas, both of which have associated 
carbon emissions. Those carbon emissions 
are reflected in a reporting organization's 
electricity usage. This is the largest area of 
impact for the cannabis industry in Denver due 
to the exclusive use of indoor grow operations.

• Scope 3 Emissions: All other indirect carbon 
emissions associated with the operation 
of a business. Examples include employee 
travel/commuting in their personal vehicles, 
grid transmission and distribution losses 
of  electricity, waste products, water usage, 
packaging, product transport and delivery, 
and nutrients. Scope 3 examines operations 
and sourcing in-depth, making it a fantastic 
tool for analyzing a  supply chain. Some 
analyses even go so far as to calculate 
associated processes and ingredients of 
production. For example, if a product uses 
plastic packaging, Scope 3 could include the 
entire life cycle of the product, such as carbon 
emissions from the raw oil extraction process, 
the refinement of the oil, the synthesis of 
plastic from the oil and the transport of 
materials between phases.

According to an analysis conducted by Evan 
Mills in 2012, for each kilogram of cannabis 
produced, roughly 4,600 kg of CO2 is emitted. 
More data and research are needed to confirm 
this analysis, as many experts have brought up 
potential issues and new efficiency practices in 
the determination of this number.
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SETTING A BOUNDARY
The preliminary action required for 
undertaking a carbon footprint analysis 
is setting a boundary around the study. A 
boundary defines the breadth and depth of 
the GHG inventory. It is up to the developer 
of the footprint to determine the appropriate 
boundary limits, but it is recommended that 
the process go back as far as it can for more 
transparency and accuracy in the final report.
A proper boundary analysis should include a 
detailed layout of the system and processes 
which will be analyzed. It is important to 
consider the full life cycle of the product or 
operation being calculated. This will include 
extensive research into ingredient sourcing, 
where and how ingredients were developed, 
what type of transport was utilized, and 
the energy consumption related to their 
production, etc. As carbon tracking has 
become more mainstream, many vendors have 
this information readily available. Furthermore, 
companies can implement or request carbon 
tracking of their vendors to facilitate more 
detailed data collection.
The detail of the calculations should 
encompass all operations of the business, 
including processes or products that may 
seem irrelevant or whose value may not be 
immediately evident. For example, waste 
from plants or soil, water usage and courier 
usage are all relevant to the analysis. It is 
crucial to get a complete, comprehensive 
look at company operations to ensure the 
utmost accuracy in a GHG inventory. This 
stage of planning will set the boundary for 
the inventory and determine which data is 
necessary to collect in order to calculate an 
accurate carbon footprint.

CALCULATING A CARBON FOOTPRINT
Calculating a carbon footprint can be a 
complex process that requires time and 
analytical proficiency. It is recommended 
that if a cannabis organization wishes to 
undertake creating a carbon footprint and 
calculating a GHG inventory, they utilize 

comprehensive guides such as the WRI 
GHG Protocol: A Corporate Accounting and 
Reporting Standard or the EPA Center for 
Corporate Climate Leadership Greenhouse 
Gas Inventory Guidance. Otherwise it is 
recommended to look for help from outside 
professionals to assist in the detailed 
calculations necessary for a comprehensive 
inventory. Outlined below are examples of 
calculations for the various scopes.

FACILITY VARIATIONS
Each facility and operation will have its own 
unique inputs in a carbon footprint calculation. 
It is important to closely review every area of 
an operation to identify the largest drivers of 
carbon emissions. The chart outlines some 
of the unique carbon emission sources in 
different types of facilities: 

C a l c u l a t i o n  &  T r a c k i n g  M e t h o d s
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TRACKING METRICS OVER TIME
It is important that a carbon footprint is 
continually updated to track and report 
progress over time. The data can be managed 
easily when appropriately developed in a 
data analysis program. An annually updated 
carbon footprint progress report demonstrates 
commitment to customers and shareholders.
Tracking carbon data allows for proper 

https://ghgprotocol.org/
https://ghgprotocol.org/
https://www.epa.gov/climateleadership/center-corporate-climate-leadership-greenhouse-gas-inventory-guidance
https://www.epa.gov/climateleadership/center-corporate-climate-leadership-greenhouse-gas-inventory-guidance
https://www.epa.gov/climateleadership/center-corporate-climate-leadership-greenhouse-gas-inventory-guidance
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allocation of resources based on which area 
is lagging behind or stalling. Once data has 
been regularly tracked for an extended period, 
it is possible to compare carbon metrics 
to other important industry metrics (sales, 
return on investment (ROI), repeat customer 
generation, etc.) and look for general trends 
and correlations.

REDUCTION STRATEGIES
Once the calculation of the carbon footprint 
is complete, strategies to reduce the carbon 
output of the facilities can be identified. It is 
important to understand that this is a long-
term goal and will have many stages of 
planning, implementation and progress. The 
best way to make progress is by focusing on 
projects with a significant ROI and contribute 
to the operation's overall mission.
A good initial approach is to increase 
operational efficiencies within the facility 
and operations of the company. Creating 
efficiencies wherever possible will reduce the 
largest impacts of a carbon footprint while 
simultaneously saving money and resources. 
That way, when larger potential projects are 
considered, the resources required to fulfill 
that project's needs will be much lighter. 
For example, it will be much easier to install 
on-site renewable energy if the facility's 
operating energy has already been quartered 
due to efficiency upgrades. Examples of 
efficiency and zero-carbon upgrades are 
discussed more in-depth in other sections of 
this guide, and include:
• High-efficiency lighting and HVAC systems
• Increased insulation in facilities
• Heat recapture systems on operational 

machinery
• Onsite renewable energy
• Electric or natural gas fleet vehicles
• Composting and/or recycling
• Sourcing carbon neutral ingredients
• Carbon neutral, recyclable, or compostable 

packaging
• Solventless extraction methods



Goal setting is essential for any organization 
wishing to reduce its carbon footprint.
It is imperative to set a baseline from which to 
develop carbon-reduction goals. Organizations 
can either set one baseline year (e.g., X% 
reduction against their 2018 baseline year 
by 2025) or use the most recent year as their 
baseline year — a "rolling" approach (this 
approach is more challenging to show large 
amounts of reductions). Using a rolling approach 
will not allow the reporting organization 
to "count" the same reduction year after 
year toward their goals and become idle. 
Whichever approach is chosen, the concept 
and establishment of a baseline year is 
essential. Once a goal is achieved, it is essential 
to establish a new goal that challenges the 
organization to come up with new ideas and 
implement more aggressive reduction strategies.
Another option for reducing carbon for cannabis 
facilities is looking at local options for carbon 
mitigation and renewable energy credits, but this 
should be a final approach to reducing carbon 
output after reduction initiatives have been 
undertaken. Cannabis operations can contact 
their electricity supplier to learn about options 
for purchasing local renewable energy.
Alternatively, renewable energy credits 
can be purchased from organizations like 
carbonfund.org or carbon credits from 
the Colorado Carbon Fund, which funds 
Colorado-based carbon projects. Though 
these options are helpful in the short term, 
they have fewer long-term benefits than 
carbon-reduction strategies and projects.
1. SCOPE 1
• Example: Company A uses 140 gallons of 

gas per year on company owned vehicles 
used at the site of operations. 
• The EPA conversion rate for gallons of 

gas to grams of carbon: 
• 8,887 grams of CO2/gallon of gasoline. 
• Use this conversion rate and multiply by 

gallons of gasoline used that year:
• 140 gal X 8,887g CO2 = 1,244,180 

grams of carbon.
• This number can also be represented as 

1,244.18 kilograms of CO2 or 1.24 metric 
tons of CO2. It is up to the analyzer to 
determine the best metric to use. 

2. SCOPE 2
• For this example 2000 kWhs for a grow 

operation will be calculated.
I. The EPA conversion rate for kWh to CO2 

is 740 grams per kWh.
II. Take the conversion rate and simply 

multiply it by the number of kWhs 
emitted annually.
1. 2000 kWh X 744g CO2 =  1,488,000 

grams of carbon.
2. Again this number can be 

represented as 1,488 kilograms of 
CO2 or 1.49 metric tons of CO2.

3. NOTE: It is important here to note 
that these number are derived from 
EPA standards that do not take into 
account regional sources or other 
GHGs associated with the various 
scopes emissions. It is very important 
to source regionally based emission 
factors as well as CO2 equivalences 
in order to get the most accurate 
reading for all emissions associated 
with an organization's operations.

3. SCOPE 3
a. A scope 3 calculation includes all other 

associated emissions such as employees 
driving to work. Assume in this scenario total 
employees driving distance is 200 miles.
I. The EPA conversion rate for miles to 

CO2e is 408 grams of CO2e per mile. 
1. 200 miles X 408g CO2e = 81,600 

grams of CO2e or 81.6 kilograms of 
CO2e.

Carbon Sequestration and Negative Values
a. Cannabis is unique for calculating carbon 

footprints in that it uses CO2 in order to 
grow, therefore a negative value can be 
applied to the overall carbon footprint of 
the operation. Unfortunately at this time 
no concrete numbers exist for the carbon 
sequestration capacity of cannabis so for 
now we can extrapolate the sequestration 
performance of hemp. Hemp sequesters 22 
tons of CO2 per hectare. This number can 
be used to determine the carbon sink of a 
grow operation.
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Greenhouses are quickly becoming the 
preferred structure for cannabis cultivation, 
with almost half (45%) of current cultivators 
nationwide using them in some capacity.3   As 
utility costs rise and already tight profit margins 
continue to shrink, more operations are viewing 
greenhouses as an economical solution.

By utilizing natural sunlight as the primary 
lighting source rather than lighting fixtures, 
greenhouses are typically more energy 
efficient and have been shown to reduce 
production costs by 30 percent when 
compared to indoor grow facilities, depending 
on the regional climate. Greenhouses now 
account for one quarter of all production 
space, with a little under half (43%) of 
current growers considering expanding into 
greenhouses. In Colorado, the trend toward 
greenhouse as well as outdoor growing can be 
seen in the 154% increase in cultivated plants 
in Pueblo during 2017.
A greenhouse is any structure for the 
cultivation of crops with a transparent (glazed) 
roof that allows natural light to penetrate the 
growing space. Glazing can vary from low-cost 
polyethylene film, to semi-rigid polycarbonate 
or tempered glass panels. The sidewalls can be 
constructed out of various materials, ranging 
from simple fabric/sheeting to insulated 
metal siding. Greenhouse structures run the 
gamut in size and complexity, from hoop 
houses to state-of-the-art sealed buildings. 

All greenhouses are essentially structures that 
protect crops from the elements while utilizing 
the energy of the sun.
The structure of commercial greenhouses 
can be freestanding or gutter-connected. 
Freestanding greenhouses can have a 
variety of roof shapes, with hoop, gothic, 
or gable being the most predominant. A 
gutter-connected greenhouse uses a series 
of trusses connected at the gutter level to 
customize the width of the structure. These 
roofs are predominantly hoop- or gable-
shaped. Greenhouses can be made to any 
length, but length is usually determined by 
available glazing sizes. Greenhouses tend to 
use modular-frame construction with spacing 
of 4’-5’ for hoop houses and 10’-12’ for gutter-
connected designs.
For cannabis cultivation, a Light Deprivation 
System, also called a blackout system, is 
required to create the photoperiodism needed 
to induce flowering. These systems can be 
manual or automatic and utilize a range of 
fabrics. Breathable fabrics are preferred 
because they prevent condensation from 
forming and dropping onto the plants, creating 
an ideal environment for disease.

I N T R O D U C T I O N
GREENHOUSE CULTIVATION

3 State of the Industry Report. 2018. Cannabis Business Times 

6

Considerations

f r e e - s t a n d i n g 
g r e e n h o u s e s

gutter-connected 
greenhouses

Easier to provide separate 
grow environments ,as 
each house is controlled 
by its own heating/cooling 
system.

Reduced heating costs (up 
to 25%) as surface area-to-
floor area ratio is lower.

Individual houses are 
easier to build and 
maintain.

Less land is needed. About 
30% more growing space 
can be placed on the same 
amount of land area.

Ideal for non-level sites.. Heating and cooling can be 
centralized.

More cost effective for 
areas greater than 10,000 
sq. ft.

http://giecdn.blob.core.windows.net/fileuploads/document/2018/06/06/june%20soi%20layout%20digital.pdf


GREENHOUSE DECISION-MAKING
When deciding to grow in a greenhouse, 
cultivators need to consider a multitude of 
factors. Start with a review of state and local 
cultivation regulations and zoning codes to 
ensure greenhouse cultivation is approved in 
your area, and pay specific attention to security 
requirements. Contacting the proper licensing 
and zoning offices is always a good idea, 
as many nonrural municipalities and zoning 
departments are unfamiliar with commercial 
greenhouse structures.
Greenhouses require adequate land to 
allow for roads, parking, and buffer zones, 
in addition to the structures themselves. 
Greenhouse operations typically require 
a minimum of two acres. When siting a 
greenhouse, look for a flat topography to 
ensure proper drainage, and orient the 
structure to maximize unobstructed southern 
views to provide drainage and adequate 
sunlight and solar gain. The local geography 
and climate will further determine a suitable 
type and style of greenhouse. The temperature 
range and solar angle of incidence will 
determine the appropriate type of glazing 
with regards to transparency, dispersion, and 
insulation rates. The growing period, whether 
year-round or seasonal, will also determine the 
style of greenhouse.
Design
At a minimum, greenhouses provide 
protection from wind and rain and help 
to minimize pest pressures while sealed. 
Environmentally controlled greenhouses 
provide the opportunity to control all aspects 
of the grow environment, similar to an indoor 
facility. A well-designed greenhouse that 
incorporates the many equipment systems 
with accurate environmental controls 
and good space utilization is the key to 
a successful cannabis production facility. 
Installing peninsular or moveable benches 
can achieve 80-90 percent space utilization, 
resulting in a more efficient lighting system 
and higher yields.
Lighting
The main benefit of using a greenhouse is 
that the primary source of lighting is the 
sun, and grow lights are used only as an 
occasional supplement. Grow lights are 
used to extend the seasons when daylight 

is limited. This allows the plants to maintain 
a vegetative state for the proper durations, 
to boost daily light levels when necessary, 
and to ensure consistent light levels. Since 
artificial light is secondary, larger light fixture 
spacing is used when compared to indoor 
setups. The lighting types most commonly 
used are LEDs and HPS. Automation is 
essential for energy efficiency, and controls 
should be set to a specific light level 
(PPFD) to ensure lights are on only when 
needed. A timing delay helps to account for 
temporary cloud cover. Lights should also be 
subdivided in a checkerboard pattern so that 
the minimum number of lights are used to 
achieve the appropriate light level.
In regard to controlling the sunlight that 
enters a greenhouse, the standard glazing 
material is light-diffusion fabric. This type 
of material spreads out the light particles 
and infrared radiation while blocking UVB 
to dampen the sun’s intensity and generate 
more light. Shade cloths can also be used 
during the summer months to lessen the sun’s 
intensity and lower solar heat gain. Some 
grows are experimenting with painted films to 
achieve these results. Double- or triple-glazed 
material will increase the insulation factor, 
reducing heat loss if needed.
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CLIMATE CONTROL
Utilizing the sun as the primary source of light 
brings with it unique climate control challenges 
in the form of solar heat gain. Due to the 
“greenhouse effect,” special attention needs to be 
paid to the HVAC system. The “greenhouse effect” 
is when solar radiation enters the greenhouse and 
heats up the thermal mass; the glazed panels then 
trap the infrared radiation inside.
In addition, greenhouses are traditionally 
leaky structures due to the space between 
the glazed panels and frame. Solutions to the 
HVAC dilemma diverge depending on the type 
of system employed — either open (passive) or 
closed (sealed).
Open greenhouses rely on more passive 
systems, such as vents and actuators, to 
provide climate control via air circulation 
and can be thought of as an extension of the 
outdoor environment. These systems depend 
on temperature and wind gradients to cool, 
resulting in low average air volume exchanges 
of around two to three times per hour. Some 
common structural elements are open-roof 
designs and guillotine, or roll-up sides which 
reduce the need for ventilation fans. In drier 
climates, a fan and pad system can be ideal. 
When employing fans, a design with several 
stages of ventilation can be more energy 
efficient than one with just a single stage. 
Using light-colored groundcover and pots will 
limit heat absorption in the greenhouse. In 
regions with hot days and cold nights, thermal 
mass can be added to absorb and store heat 
during the day and then release it at night. 
When heating is required, it should be located 
in the floor or under the benches to target 
the root zone, which will reduce the need 
to heat the entire greenhouse by 5-10F. For 
every 1F the air temperature can be set, fuel 
consumption is reduced by 3%. To avoid 
excessive drying of the growing media, it is 
best to limit root zone heat to 25 BTU/sq.ft.
Closed greenhouses, on the other hand, 
closely resemble indoor facilities and rely on 
equipment with advanced climate control 
systems to control heat and humidity. These 
systems seek to eliminate air exchanges in 
order to better control the indoor environment. 
Newer structures that utilize this system 
are often hybrid designs with vertical metal 
insulated walls and a glazed roof. The insulated 
walls better protect against temperate swings. 
An added benefit of a sealed environment is 
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reduced contamination from outside sources, 
such as pests, disease, and hemp pollen. In more 
urban environments, odor can be controlled. 
In this system, each greenhouse or bay should 
have independent temperature and climate 
control to account for variations within a site. For 
larger greenhouses, an energy-efficient cooling 
technology currently being used is cooling 
towers, which are similar to a wet wall but 
housed in a separate unit. For dehumidification, 
desiccant boxes are now being employed, as 
they need little energy to operate. They utilize a 
media such as silicone gel to absorb water vapor 
from the air. This process is known as Ground to 
Air Heat Transfer (GAHT).
Heat exchangers store excess heat in a 
medium such as water or soil. The system 
circulates hot air from the greenhouse through 
pipes buried underground, whereby the 
heat gets transferred to the soil. The air is 
then exhausted back into the greenhouse 
cooler and drier. Thus, the GAHT system 
creates a closed-loop airflow, which cools and 
dehumidifies the greenhouse.

ENERGY CONSERVATION TECHNIQUES
• Insulate perimeter (side and end walls), 

foundation, and distribution piping.
• Install windbreaks on the north side to 

reduce wind-induced heat loss.
• Install automatic closing doors.
• Weatherstrip doors, vents, fan openings.
• Lubricate all louvers.
• Repair broken or torn glazing.
• Install an infrared inhibitor on the inner 

lining of glazing for 15% savings.
• For older structures, add a single or 

double layer of plastic covering to reduce 
infiltration and heat loss by 50%.

• Aspirate thermostats for more uniform 
temperature control.

• Select fans that meet Air Movement and 
Control Association International (AMCA) 
standards and have a Ventilation Efficiency 
Ratio greater than 15.

• Use the largest diameter fans with the 
smallest motor that meets ventilation 
requirements.

E nv i r o n m e n t a l  j u s t i c e
Environmental justice is equal protection for 
all communities from environmental hazards 
and equal access for all communities to 
environmental, social, and economic assets 
that promote health and well-being, such as 
clean air, safe drinking water, green space, 
public transit, and economic opportunity.4 
The cannabis industry can be a model for 
sustainability. It also can be a model for 
environmental justice. It’s not often that 
a novel industry enters the marketplace, 
builds infrastructure and scales up; 
typically, industries have to be retrofitted 
for sustainability. The open cannabis policy 
environment enables advocates in all 50 states 
to address environmental and social justice 
issues within local laws.
Extrinsic factors at the individual and 
community levels — such as race, gender, 
and socioeconomic status — can amplify the 
adverse effects of environmental hazards 
and contribute to health disparities.5  
Persons and public spaces impacted by the 
cannabis industry are considered vulnerable. 
Capitalizing on a particular vulnerability or 
vulnerable group is considered environmental 
racism. In some cases, cannabis cultivation 
spaces are located in low socioeconomic status 
neighborhoods, whereas cannabis cultivation 
licensees tend to be disproportionately 
white and male. Incarceration rates for 
cannabis crimes tend to disproportionately 
impact persons of color. The World Health 
Organization defines environment as “the 
conditions in which people are born, grow, 
live, work and age, and are shaped by the 
distribution of money, power and resources at 
global, national, and local levels.”
The industry as a whole should seek to 
produce “Fair Trade Cannabis,” which is grown 
sustainability and sold in a manner that causes 
the community to flourish and the industry to 
become an asset and partner.  

4  Howard Frumkin. Environmental Health: From Global to Local,  3rd Edition. (Jossey-Bass, 2016), 267.
5 Frumkin. Environmental Health, 267.
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SAMPLE ENERGY AUDIT FORM
 
Sample Energy Audit Form 

 

 

A p p e n d i c e s
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SAMPLE WATER QUALITY REPORT 

COLORADO STATE UNIVERSITY COLORADO STATE UNIVERSITY
Soil, Water & Plant Testing Laboratory Soil, Water & Plant Testing Laboratory
Room A320, NESB Room A320, NESB
Fort Collins, CO   80523-1120 Fort Collins, CO   80523-1120
Phone:  970-491-5061 / Fax:  970-491-2930 Phone:  970-491-5061 / Fax:  970-491-2930

Date Received: 11/3/16
Billing: Date Reported: 11/8/16 Billing:

SOURCE: Arapahoe City LAB # W519 I SOURCE: Arapahoe City

Results Results
Conductivity 398 µmhos/cm
pH 7.5

Recommended pHc 8.0
Limit mg/L meq/L

mg/L mg/L Calcium 29.2 1.46
Aluminum 0.13 5.0 Magnesium 7.24 0.60
Ammonium * N/A Sodium 19.8 0.86
Arsenic * 0.2 Potassium 1.87 0.05
Barium 0.03 1.0 Carbonate <0.1 <0.1
Boron <0.01 5.0 Bicarbonate 103 <0.01
Cadmium <0.005 0.05 Chloride 7.20 0.20
Chromium <0.01 1.0 Sulfate 50.5 1.05
Copper 0.02 0.5 Nitrate 0.9 0.9
Fluoride * 2.0 Nitrate-Nitrogen 0.2 0.2
Iron <0.01 N/A Boron <0.01
Lead 0.01 0.1 Pounds of Sulfate 44.9
Manganese <0.01 N/A    per acre foot
Mercury * 0.01
Molybdenum 0.02 N/A Pounds of Nitrate
Nickel <0.01 N/A    per acre foot 0.5
Phosphorus <0.01 N/A
Selenium * 0.05 Salinity Sodium
Zinc 0.06 24.0 SAR 0.8 Hazard Low Hazard Low
* Not requested

COMMENTS: This is good quality water for irrigation.

IRRIGATION WATER ANALYSIS

"Routine Package"
"Metals" and "Individual Element" Analysis
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ANNOTATED BIBLIOGRAPHY: SUPPORTING CANNABIS SUSTAINABILITY  
Leslie McAhren, University of Colorado School of Public Health
energy/energy efficiency 
water 
waste- recycle organic waste, haz waste
pest mgt 
air quality 
appendix a. carbon footprint

Methods
MeSH Terms (Medical Subject Headings) - environmental pollution; cannabis 

I. Introduction 
1Carah, J. K., Howard, J. K., Thompson, S. E., Short Gianotti, A. G., Bauer, S. D., Carlson, S. M., 
… Power, M. E. (2015). High Time for Conservation: Adding the Environment to the Debate on 
Marijuana Liberalization. Bioscience, 65(8), 822–829. doi:10.1093/biosci/biv083
Summary of Carah, 2015.  Environmental harm caused by cannabis cultivation merits a direct policy 
response.  neglecting discussion of the environmental impacts of cultivation when shaping future 
marijuana use and possession policies represents a missed opportunity to reduce, regulate, and 
mitigate environmental harm.

II. Energy

III. Water
2Bauer, S., Olson, J., Cockrill, A., van Hattem, M., Miller, L., Tauzer, M., & Leppig, G. (2015). Impacts 
of surface water diversions for marijuana cultivation on aquatic habitat in four northwestern 
California watersheds. PloS one, 10(3), e0120016. doi:10.1371/journal.pone.0120016
Summary of Bauer, 2015.  Environmental impacts associated with marijuana cultivation – reasons 
not to allow cultivation that is clandestine.  This group used high-resolution aerial imagery to 
estimate the number of cannabis plants being cultivated in four watersheds in northwestern 
California, USA.  This work was put together by the California Department of Fish and Wildlife, 
Eureka, California

IV. Waste

V. Integrated Pest Management (IPM)
2Cuypers, E., Vanhove, W., Gotink, J., Bonneure, A., Van Damme, P., & Tytgat, J. (2017). The use of 
pesticides in Belgian illicit indoor cannabis plantations. Forensic Science International., 277, 59-65.
Summary of Cuypers, 2017.   Main risks may come from pesticide residues on plants, cultivation 
infrastructure and materials; mycotoxins from fungal pathogens on harvested plants; and/or high 
levels of pesticide residue in cannabis plant parts for consumption.

Appendix A. Carbon Footprint
Mills, E. (2012). The carbon footprint of indoor Cannabis production. Energy Policy, 46, 58-67. 
doi:10.1016/j.enpol.2012.03.023 
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2020 
Sustainability 
Goals

The 2020 Sustainability Goals focus on 12 resource areas and set goals for the City and County 
of Denver, and community. The resource areas are Air Quality, Climate, Energy, Food, Health, 
Housing, Land Use, Materials, Mobility, Water Quantity, Water Quality and Workforce. 

AHAM Association of Home Appliance Manufacturers: AHAM provides leadership, advocacy, and 
a forum for public policy, standards and business decisions to consumers and appliance 
manufacturers.

anion A negatively charged ion. 

ASHRAE American Society of Heating, Refrigeration and Air Conditioning Engineers

BMS Building Management System: A system that controls the environment of a facility and which, 
when monitored, may alert to alert facility managers about broken or malfunctioning equipment.

Ca++ Calcium cation

cation A positively charged ion. 

CDA Colorado Department of Agriculture: The mission of the CDA is to strengthen and advance 
Colorado agriculture; promote a safe and high-quality food supply; protect consumers; and foster 
responsible stewardship of the environment and natural resources.

CDPHE Colorado Department of Public Health and Environment: State department providing services 
in the areas of health, environment, marijuana, vital records, public records, laboratory services, 
health equity, and emergency preparedness and response. 

CESQG Conditionally Exempt Small Quantity Generator: An EPA category for waste generators, based 
upon quantities of hazardous and acutely hazardous waste generated and accumulated. 

CHP Combined Heat and Power: CHP systems, also called cogeneration systems, generate power 
and heat in a single system. 

CMH Ceramic Metal Halide: CMH lamps provide energy-efficient wide-spectrum lighting.

CO2 Carbon Dioxide: CO2 is a naturally and artificially produced compound. It is naturally produced 
by decompositions, respiration, and other natural sources and used by plants for photosynthesis 
(along with water and sunlight). It is artificially produced from burning fossil fuels, deforestations 
and manufacturing processes.  

CSWG Cannabis Sustainability Workinggroup, also called “the Workgroup”: The CSWG was developed by 
DDPHE to determine best practices and to develop this manual and other education resources for 
the industry. 

DG Distributed Generation: DG is an approach to energy production that generates power at the 
end-user location.

DDPHE Denver Department of Public Health & Environment: The DDPHE works with city, state and 
community partners to conduct education, community engagement, and enforcement to ensure 
healthy people, healthy pets and a sustainable environment. 

Denver’s 
Climate Action 
Plan 2015

Denver’s Climate Action Plan 2015 is a document developed that sets forth Denver’s goals, 
priorities, and strategies to meet the 2020 Sustainability Goals and to reduce greenhouse gas 
emissions 80 percent from its 2005 baseline by 2050.

EAS Engineering Assistance Study: An EAS is conducted to identify and evaluate energy savings 
opportunities. 

TERMS AND DEFINITIONS
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EC Electrical Conductivity: EC is the potential for material to conduct electricity (i.e. the potential 
for an electrical current to move through water.)

ECA Electrochemically Activated Water: ECA is water mixed with food-grade salt fed through a 
reactor that electrically charges the salt water to produce disinfect or detergent solutions. 

EER Energy Efficiency Ratio: The EER is the ratio of cooling capacity to power input.

EMS Energy Management System: A system that monitors the environment of a facility and which 
may be used to alert to alert facility managers about broken or malfunctioning equipment. 

Energize 
Denver

A benchmark ordinance requiring owners/operators of large commercial and multifamily buildings 
to annually assess and report the buildings’ energy performance using the free ENERGYSTAR 
Portfolio Manager tool. 

EPA U.S. Environmental Protection Agency

FCU Fan Coil Unit: An FCU is a device consisting of a heating and/or cooling heat exchanger or coil 
and fan. It is part of an HVAC unit. 

Feasibility 
Study

Also called a qualification study, a specialist performs the feasibility study using 6 to 12 months 
of utility bills to build a high-level model that provides a “ballpark” economic, environmental 
and operational impact assessment.

g/kW grams per kilowatts

g/W grams per Watts

g/sq ft or g/SF grams per square feet

HCO3- Bicarbonate anion

HPS High Pressure Sodium

HVAC Heating, Ventilation and Air Conditioning:  The system used to heat and cool buildings.

InfoWise An Xcel Energy service providing interval data that is used to create a web-based energy 
dashboard.

ion An electrically charged atom or groups of atoms.

IPLV Integrated Part Load Value: IPLV describes the performance of a chiller capable of capacity 
modulation.

kW/cycle Kilowatts per cycle

LED Light-Emitting Diode: An LED is a two-lead semiconductor light-source. 

LEP Light-Emitting Plasma: LEP is high-intensity full-spectrum light source.

LFG Landfill Gas: LFG is created by the microorganisms in a landfill. 

LQG Large-Quantity Generator: An EPA category for waste generators based upon quantities of 
hazardous and acutely hazardous waste generated and accumulated.

MED Marijuana Enforcement Department, Department of Revenue: The MED’s mission is to promote 
public safety and reduce public harm by regulating the Colorado commercial marijuana industry 
through consistent administration of laws and regulations and strategic integration of process 
management, functional expertise and innovative problem-solving.
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Mg++ Magnesium cation

MH Metal Halide: An MH lamp is a high-intensity gas discharge lamp.

mL milliliter

mol/m2/day mole per square meter per day

mol/m2/S mole per square meter per Siemens

mol/µmol mole per micromole

µmol/mol micromole per mole

µmol/SF micromole per square foot

µmol/m-2 s-1 micromole per square meter and second (PPFD unit)

MSW Municipal Solid Waste: MSW is non-hazardous waste, such as household trash. 

Na+ Sodium cation

NFT Nutrient Film Technique: NFT is a hydroponic technique whereby the bare roots of a plant are 
watered using a controlled, shallow, nutrient-dense stream.

nm nanometer

PAR Spectrum Photosynthetically Active Radiation: PAR designates lighting spectral range.

PPFD Photosynthetic Photon Flux Density: PPFD is the number of photons in the photosynthetically 
active range per square meter per second.

PV Photovoltaic: Conversion of light into electricity.

Qualification 
Study

See Feasibility Study

Reheat A term used to describe heating a space to allow a cooling system to run 24 hours a day to 
produce dehumidification without reducing temperatures in the space.

RH Relative Humidity: RH is the ratio of actual vapor density in the air to saturated vapor density 
of the air.

ROI Return on Investment: ROI is calculated as gains-costs/costs. Though typically used in costs 
analyses, it can be used to calculate investment benefits of any type.

SEER Seasonal Energy Efficiency Rating: A measure of the efficiency of an air cooling system. 

SQG Small-Quantity Generator: An EPA category for waste generators based upon quantities of 
hazardous and acutely hazardous waste generated and accumulated.

VRF Variable Refrigerant Flow: VRF is an HVAC technology that is used to reduce loss of efficiency. 

XCEL Xcel Energy is a utility company serving several Midwestern and Western States, including 
Colorado. 
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