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Executive Summary

Indoor cannabis cultivation is a resource-intensive process. The benefit of indoor cultivation to
producers includes production consistency and controlled ambient conditions. The main costs to
producers are the energy expenses whereas the cost to society is in the form of environmental
damages, such as: air emissions, water use and discharge, energy demand, and solid waste

generation.

The purpose of this report is to assess the multi-media environmental impacts of cannabis
cultivation in Metro Vancouver. The objective is to calculate a reliable, evidence-based projection

of annual impacts by synthesizing high-quality information sources.

Previous studies have been hampered by a lack of data availability and are typically based on
practices prevalent in illicit grow operations. This report fills this gap using a two-step
methodology. First, a comprehensive literature review, primarily from regions that have legalized
cannabis, is conducted to identify environmental impacts on a per gram (of final product) basis.
Second, these figures are extrapolated to estimate annual environmental impacts using evidence
about plant yield and density, total potential cultivation area, and number of harvests per year.

Table ES-1 summarizes the main findings. Energy demand is arguably the most significant,
making up 16% of provincial demand. Water use also requires attention, as crop conversion to
cannabis cultivation can use up to 24 times more water than vegetables and fruits.

Table ES-1: Projected Multi-media Impacts of Cannabis Cultivation in Metro Vancouver

Local Air Quality 1,745 tonnes VOC
Water Demand 18,520 million litres
Energy Demand 12.6 terawatt-hours
Carbon Emissions 0.16 megatonnes
Solid Waste Generation 9,098 tonnes
Wastewater Generation 161 million litres
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Introduction

On October 17, 2018, Canada legalized the non-medical use of cannabis nationwide. The
expanded industry is expected to generate SCAD 4 billion in legal sales in 2019, equivalent to the
average annual revenue of the entire National Hockey League over the last five years (Deloitte,
2018; Statista, 2018). Despite the significant economic boost, the associated land use changes

and resource-intensive cultivation practices could have significant environmental impacts.

As of August 8th, 2019, there are 47 licensed cannabis cultivation facilities (CCFs) in British
Columbia (B.C.). Twelve of these are in Metro Vancouver, with an additional 9 facilities
announced but not licensed (Wan, 2019, Personal Communication). The existing and planned
facilities are primarily indoor or greenhouses, which produce significantly more environmental
impacts than their outdoor counterparts (Arnold, 2013). Controlling the indoor growing
environment is highly resource-intensive, with potential increases in direct and indirect air
emissions, water use and discharge, energy demand, and solid waste generation.

Previous studies have been hindered by the lack of reliable data due to the illicit nature of the
industry. This report attempts to fill this gap by synthesizing information from other
jurisdictions—many of which have legalized recreational cannabis—and applying the findings to
Metro Vancouver

The purpose of this report is to assess the multi-media environmental impacts of cannabis
production in Metro Vancouver on:

e Air quality
* Water use
* Energy use
* Solid waste generation

* Wastewater generation
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Research Approach

The multi-media environmental impacts of cannabis cultivation in Metro Vancouver were
estimated in two steps. First, a detailed literature search was conducted to identify the
environmental impact per gram of final product for each impact category. Second, these values
were extrapolated to project annual environmental impacts using current information, personal
communication with cultivators, and literature evidence about common cannabis cultivation
practices.

A common way to describe environmental impacts is with an environmental impact factor (EIF).
An EIF relates the quantity of environmental impact to the output associated with an activity. As
such, the EIF for cannabis cultivation is expressed as environmental impact per gram of final
consumable product, also known as dried matter (DM). Table 1 describes the five types of EIFs
identified in this report.

Table 1: Environmental Impact Factors

Air Emissions Factor (AEF) Air emissions (micrograms) per gram DM
Water Use Factor (WUF) Water demand (litres) per gram DM
Energy Use Factor (EUF) Energy use (kilowatt-hours) per gram DM
Waste Generation Factor (WGF) Solid waste (grams) per gram DM

Wastewater Generation Factor (WWF) Wastewater (litres) per gram DM

Literature Search

A mixed-method literature review of qualitative and quantitative research was conducted to
identify environmental impacts per gram of final, saleable product. First, the peer-reviewed,
academic literature from reputable environmental science journals was surveyed for each topic
to identify EIFs. Second, non-peer reviewed literature was reviewed, including government
reports, consultant reports, graduate theses, and news media. Lastly, CCFs were contacted
through personal communication as an additional source of information.

Table 2 describes the distribution of information sources by environmental impact category. 17
sources containing EIFs were used for projecting environmental impacts in Metro Vancouver, the
majority of which were non-peer reviewed reports. Many more literature sources were used for
building context (see full reference list).
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Table 2: Information Sources by Environmental Impact Category

Air EIFs*
Air Production**
Water Demand

Solid Waste
Wastewater
Total 3 11 4 17

* sources where emission factors are provided or can be calculated using other production data
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1
2
0
Energy Demand 1
0
0

** sources that provide production information such as yield, plant density, canopy fraction, CCF
fraction, and number of harvests

Environmental Impact Estimation

The estimation of annual environmental impacts involved scaling EIFs using evidence from the
literature as well as personal communication about cultivation conditions including: plant yield
per harvest, number of harvests per year, planting density and the total area of CCFs in Metro
Vancouver.

Figures for plant density and yield are based on cultivation conditions in indoor facilities in other
regions where cannabis is legal. A planting density of 5 plants/m?is assumed, based on personal
communication with the Spokane Clean Air Agency (SPCAA, 2017), which monitored four
licensed indoor CCFs. Plant yield (grams of final product per plant) is based on a consulting report
for the Colorado government, which conducted audits in three indoor CCFs in Colorado
(Cannabis Conservancy, 2018 p. 73). Table 3 summarizes the results.

Table 3: Cannabis Plant Yield per Harvest

The Clinic Indoor 181
Midwest Ranch Greenhouse + Indoor 222
Anonymous Indoor 245

Mean 216

Four harvests per year are assumed, which is typical for legal indoor operations (Caulkins, 2010).
Lastly, the total potential CCF area in Metro Vancouver is assumed to be 1.35 million m? (Wan,
2019, Personal Communication). This includes all licensed CCFs and their announced expansion
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plans; 9 announced, unlicensed CCFs with announced sizes; and several announced CCFs with
unreleased sizes. Approximately 67% of this total area is assumed to be plant cover, and the rest
used for walkways or equipment storage (O’Hare et. al., 2013). Table 4 summarizes the
cultivation conditions used in this report to extrapolate environmental impacts.

Table 4: Cannabis Cultivation Conditions

Plant yield 216 g/plant
Plant density 5 plants/m?®
Total Metro Vancouver CCF area 1.35 million m?
Fraction of CCF under canopy 67%

Number of harvests per year 4

Although the above cultivation conditions were identified from the best available information
sources, there are at least three limitations. First, plant yield estimates from the Colorado audits
are based on unknown seed types and may differ from the type of cannabis grown in B.C.
Furthermore, plant yield additionally depends on temperature, light intensity, and plant density
(Vanhove et al. 2011, 2012), which vary between B.C. and Colorado. Second, although the
evidence suggests that lower plant density increases yields (Vanhove et al. 2011, 2012), the
optimal density is unclear. The 5 plants/m? figure used in this report is based on real data from
Washington and resembles anecdotal evidence from B.C. Third, literature estimates on the
number of harvests per year vary from 4 to 6 depending on the time that plants spend in
vegetative and flowering stages (Caulkins, 2010). None of the information sources in this report
state the number of harvests, so 4 harvests/year is assumed in order to be consistent with the
bulk of the literature.

Despite these limitations, the conditions in Table 4 are applied to emissions factors to project
annual impacts. For example, annual water demand based on a WUF of 4.7 litres/g DM/harvest

is:

4.7 litres/g DM/harvest x 216 g/plant x 5 plants/m? x 1.35 million m?

Water Demand
x 0.67 x 4 harvests/year
18,365 million litres/year
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Findings

Local Air Quality

l. Emissions Factors
Previous studies from indoor CCFs have identified high levels of terpenes (Rice and Koziel, 2015;
Wiebelhaus et al., 2016), a class of photoreactive volatile organic compounds (VOCs) that
combine with sunlight and nitrogen dioxide to produce ozone and secondary organic aerosols.
The limited literature on cannabis VOCs focuses on identifying hundreds of these VOC species
rather than quantifying their amounts. Two methods are typically used:

* Headspace sampling profiles VOCs in a small area above the plant
* Leaf enclosure sampling profiles VOCs inside a bag secured around the plant

Table A-1 in the appendix summarizes the main VOC species found through each method. Some
VOCs have low enough sunlight reactivity to have minimal local air quality impacts. Section 51
(Title 40) in the U.S. EPA Code of Regulations lists 70 such VOCs and excludes them from
regulation (Table A-2 in the appendix). None of these are found in cannabis VOC emissions.
Furthermore, the California Air Resources Board (CARB) lists the maximum incremental reactivity
(MIR) in terms of potential ozone per gram of organic compound emissions. Terpenes are on the
order of 4 whereas most unregulated alkenes and alkanes listed in the EPA code range from 0.01-
2.5. Taken together, this implies that the VOCs released from CCFs in Metro Vancouver are

photoreactive and therefore have the potential to impact regional air quality.

Despite the value of a cannabis VOC profile, the abundance of each compound is more important
for understanding air quality impacts. Three sources of directly measured AEFs were found. First,
in the only peer-reviewed paper, Wang et al. (2019) used the leaf enclosure method on four
cannabis strains and found a maximum VOC emission rate of 8.7 ug/g DM/hr after harvest in
Colorado. Second, the Air Quality Division of Washoe County, Nevada (2016) used headspace
sampling in one facility and found a VOC emission rate of 30,983 pg/plant/hr. This equates to
143 ug/g DM/hr, under the 216 g/plant assumption, but the stage of growth was not stated for
this sampling event. Third, the Spokane Clean Air Agency (SCAA, 2017) also used headspace
sampling in one facility at the end of the growth cycle (when emissions are at their peak) and
found a VOC AEF of 0.83 pg/ft*/plant. The facility had a 10,000 ft* grow room and a 2000 ft*/min
exhaust to outside. Plant yield was not reported, however, under the 216 g/plant assumption this
equates to 461 pg/g DM/hr.
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There could be many reasons for the discrepancies in VOC emission rates between the
headspace sampling and leaf enclosure studies, including differences in seed variety, growth
stage, and lighting. Seed type is not stated in the headspace studies whereas the leaf enclosure
study uses four strains: Critical Mass, Lemon Wheel, Elephant Purple, and Rockstar Kush.
Furthermore, the former study collects air samples during a peak emissions period (within 14
days before harvest) whereas the latter study samples after harvest when emissions are lower
(SCAA, 2017).

Il. Projected Impact on Local Air Quality

Table 5 reports projected annual VOC emissions from Metro Vancouver CCFs under the three AEF
scenarios from the literature. For context, VOC emissions in Metro Vancouver were 45,000
tonnes in 2015 (Metro Vancouver, 2018), of which 7800 tonnes were from natural sources not
including agriculture (Cumming, 2019, Personal Communication). Based on the highest emissions
rate from SCAA (2017), annual cannabis VOC emissions would make up 9% of the Metro
Vancouver total. As it is not clear whether leaf enclosure or headspace sampling is more
accurate, the mean of 1,745 tonnes across the three studies may be a more reliable projection.
This is equivalent to 4% of the annual Metro Vancouver total and 22% of the natural VOC

emissions.

VOCs are a precursor to ground-level ozone, which has the potential to cause harmful human
health impacts. Therefore, a comprehensive assessment of local air quality impacts must include
the ozone formation potential of cannabis cultivation. This report uses the ozone factor of 41 g
Os/g DM/hr calculated in Wang et al. (2019), which was derived by multiplying the emissions rate
of each VOC species by its ozone potential (grams ozone per gram VOC) from the California Air
Resources Board (CARB, 2010).

Table 5: Projected Annual Emissions from Metro Vancouver Cannabis Cultivation

Wang et al. (2019) 8.7 ug/g DM/hr 74 350
Washoe County (2016) 143 pg/g DM/hr 1225 -
SCAA (2017) 461 ug/g DM/hr 3936 -

Water Demand

. Water Use Factors

Cannabis is a water-thirsty crop (Bustic and Brenner, 2016). The rule of thumb among cannabis
cultivators is that a successful crop requires 22.7 litres/plant/day, about twice as much as grapes
(Humboldt Grower Association, 2010; Williams, 2001). Four non-academic sources form our
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current understanding of cannabis water demand. Three of these are from outdoor CCFs in
California, making it difficult to apply lessons since almost all Metro Vancouver CCFs are indoors
or greenhouses.

First, WUFs in the California news media range from 2.8-56.8 litres/plant/day. The former is from
an interview with a California Sheriff (Mallery, 2011) and the latter with a prominent marijuana
attorney (Van Hook, 2012). Second, the 22.7 litres/plant/day rule-of-thumb was calculated by the
Humboldt Grower Association (HGA), assuming a density of 2.3 m?/plant, and standard sprinkler
system with a 3.8 litres/hr flow rate, and 30 minutes of watering every other day. Third, the Cal
NORML non-profit interviewed 11 outdoor CCFs to verify the HGA figure with real-world data
and found a substantially lower figure of 8.7 litres/plant/day (Cal NORML, 2015).

One post-legalization study from Colorado (Cannabis Conservancy, 2018) conducted water audits
in five indoor CCFs and found a median WUF of 4.7 litres/g DM. This equates to 11
litres/plant/day?, assuming a year-round grow cycle and a 216 g/plant yield.

Il. Projected Impact on Water Demand

Figure 1 shows projected annual water demand from Metro Vancouver CCFs. Each bar shows
projected water demand from each study or media piece using the corresponding WUF in the
cell below. Mean annual water demand from indoor and outdoor CCFs is 18,520 and 37,885
million litres. The large discrepancy is due to the significantly lower water requirements in indoor
facilities. Since Metro Vancouver uses mostly indoor CCFs, the former number is the best
projection of annual water demand.

For context, the average daily per capita water consumption in Metro Vancouver was 448 litres in
2018 (Metro Vancouver, 2018). Using the 2018 Metro Vancouver population figure of 2.4 million,
the 18,520 million litres of annual water demand from cannabis is equivalent to 21
litres/capita/day, or, 4.7% of the per capita total demand.

Another way to contextualize the cannabis water demand projection is to compare it with that of
other crops. Fruits and vegetables grown in the Lower Fraser Valley have a water demand of
214.5 litres/m? (Statistics Canada, 2012). If these crops occupied the same land area as cannabis,
water demand would be 776 million Iitres/yearz. In other words, annual water demand from
Metro Vancouver cannabis cultivation is projected to be 24 times higher than if fruits and
vegetables were grown instead.

4.7 L/g DM/harvest x 216 g DM/plant x 4 harvest/year x 1 year/365 days = 11 L/plant/day

22145 Iitres/mz/harvest x 1.35 million m? total CCF area x 0.67 space used x 4 harvests/year = 776 million litres/year
(Statistics Canada, 2012)
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Figure 1: Annual Water Demand from Metro Vancouver Cannabis Cultivation
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l. Energy Intensity Factors

Energy demand is the greatest contributor to the environmental footprint of indoor cannabis
production (DDPHE, 2018). In the only peer-reviewed paper on this topic, Mills (2012) estimates
that US energy demand from cannabis production is 1% of national electricity consumption,
equivalent to that of 2 million average homes.

There is disagreement in the literature about the distribution of energy use from cannabis
production. Jourabchi (2014) found that lighting makes up 80% of energy demand whereas Mills
(2012) argues that this number is 38%, with the remainder going to ventilation, space
heating/cooling, and pre-heating irrigation water. The former conducted 13 interviews with CCFs
whereas the latter used equipment manufacturer data, likely explaining the discrepancy.

Regardless of the breakdown, indoor CCFs present a burden on electricity infrastructure. In one
media piece, Oldham (2015) found that electricity demand increased by 3% in Seattle and that
CCFs made up 50% of new electricity demand in Colorado following legalization in each state.
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There are two non peer-reviewed studies that directly measure cannabis EUFs. First, the
Cannabis Conservancy (2018) analyzed daily electricity meter data from all equipment sources in
five indoor Colorado CCFs and found a median EUF of 2.6 kWh/g DM. Second, in her masters
thesis, Arnold (2013) conducted energy audits of lights, fans, dehumidifiers, heating/cooling
systems, and pumps in three indoor California CCFs and found a mean EUF of 4.4 kWh/g DM.
Facilities were not randomly selected in either study, limiting the generalizability of the EUFs.
However, both studies are from indoor facilities, similar to Metro Vancouver.

Three other studies report cannabis EUFs without energy audits. Mills (2012) used equipment
manufacturer data and found an EUF of 6 kWh/g DM for the US. The Northwest Power and
Conservation Council (NWPCC) (2014) conducted 90 phone interviews with Oregon and
Washington indoor growers and found a mean EUF of 1507 kWh/m?. This equates to 1.4 kWh/g
DM under the assumed plant yield and density in Table 4. In another graduate thesis, Sweet
(2016) used data from a 2015 NWPCC survey of seven CCFs and found a mean EUF of 1905
kWh/m?, or, 1.8 kWh/g DM.

Il. Projected Impact on Energy Demand and Carbon Emissions
Table 6 summarizes the cannabis EUFs identified in the literature and projects annual energy
demand under the standard assumptions. Metro Vancouver CCFs are projected to consume an
average of 12.6 TWh of energy per year, equivalent to 16% of provincial electricity consumption
(National Energy Board, 2019)°.

Table 6: Projected Annual Energy Demand from Metro Vancouver Cannabis Cultivation

Arnold (2013) 4.4 17.1
Conservancy (2018) 2.6 10.1
Mills (2012) 6 23.4
NWPCC (2014) 1.4 54
Sweet (2016)* 1.8 6.9
Mean - 12.6

*All values based on electricity consumption from grow lights only

Generating 12.6 TWh of electricity can have a large carbon footprint, depending on the fuel mix.
This report estimates the carbon footprint of cannabis cultivation by multiplying energy demand
under each scenario in Table 6 with a carbon emissions factor (CEF) (kg CO, per kWh). There are
four available sources of CEFs. First, Mills (2012) used a value of 0.67 kg CO,/kWh for the US.

’B.C. generated 76.4 TWh of electricity in 2017 (NEB, 2019)
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Second, Pacific Gas and Electric (2011) reported a CEF of 0.252 kg CO,/kWh for Washington and
Oregon. Third, Environment and Climate Change Canada (2014) reported a CEF of 0.0129 kg
CO,/kWh for B.C., which is substantially lower due to B.C.’s reliance on hydroelectricity. Lastly,
ECCC (2014) also reported CEFs by fuel type. Table A-3 in the appendix shows the Canadian
energy mix and fuel-specific CEFs.

Figure 2 shows projected carbon emissions from each study in Table 6 and for each CEF scenario.
For the energy mix scenario, annual energy demand is split according to the shares in Table A-3
and the corresponding CEF applied (e.g. the coal CEF is applied to the 9.3% of total energy that is
coal-generated, the natural gas CEF is applied to 9.6% of total energy demand, and so on)*.

Figure 2: Projected Carbon Footprint (Mt CO,) from Metro Vancouver Cannabis Cultivation
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In a scenario where all Metro Vancouver CCFs are connected to the local grid and all electricity is
generated in-province, the carbon footprint based on the 0.0129 kg/kWh CEF would be 0.16 MT,
or 41 kg CO,/kg DM”. This is the same footprint as driving across B.C. in a 44-mpg car (based on
calculations in Mills (2012)).

* The full calculation is: Annual Emissions = Annual Electricity Demand [0.02 x 0.0165 + 0.096 x 0.180 + 0.005 x 0.269
+0.093x0.327]

> Total production = 1.35 million m’ total facility areax 0.67 x5 plants/m2 x 216 g/plant x 4 harvests/year x
0.001kg/g = 3,907,440 kg DM/year
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However, not all of the CCFs exclusively use power from the B.C. grid. Two have installed auxiliary
power plants using natural gas as fuel and two others use biomass-fired boilers for auxiliary heat.
Therefore, the average carbon footprint of cannabis production falls somewhat higher than 0.16
MT. Perhaps a more useful comparison is that the total amount of energy required for cannabis
production listed in Table 6 is equal to almost 3 new Site C power projects (B.C. Hydro, 2017).

Solid Waste Generation

. Waste Generation Factors

Solid waste from cannabis cultivation mostly includes stalks, stems, root balls, and spillage. There
are no current estimates of cannabis waste from B.C., but its southern neighbor, Washington
State, reported hauling approximately 770,000 kg of solid waste from cannabis clients since
legalization in 2014 (Black, 2017). Using Washington’s latest population figure of 7.5 million (US
Census Bureau, 2018), this amounts to 0.03 kg/capita/year, equivalent to 0.03% of Metro
Vancouver’s 2018 per capita weekly compostable organic waste disposed®.

In the absence of specific data on waste disposal from CCFs, this report uses a new approach to
fill in the gap. The fraction of dry plant biomass ending up as final product (buds) is identified and
the remainder is assumed to be waste. The Netherlands Office of Medical Cannabis identified
this fraction in a 2006 study of plant weight and waste at different stages of growth (Leggett,
2006). Saleable product is 30% of dry weight and the residual is lost to twigs, stems, seeds, and
spillage.

Il. Projected Impact on Solid Waste Generation
This report follows Leggett (2006) and assumes that final product weight is 30% of dry weight.
Assuming the remainder is waste, back-calculations can estimate the WGF. For example, the
assumed final product weight of 216 g/plant implies the dry harvest weight was 216/0.3=720
g/plant and 720 — 216 = 504 g/plant was disposed as seeds, stems, and spillage.

Using this method, Table 7 reports WGFs during the drying stage (after harvesting wet biomass)
and curing stage (picking buds from dry biomass) for the yield scenarios in the three indoor CCF
audits in Colorado (see Table 3). Annual solid waste generation is calculated by applying the
conditions from Table 4 on the estimated WGFs.

e Compostable organic waste in 2018 was 91 kg/capita (TRI, 2018). This includes household yard waste.
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Table 7: Plant yield, WGFs, and Annual Solid Waste from Metro Vancouver Cannabis Cultivation

The Clinic 181 422 7624
Midwest Ranch 222 518 9350
Anonymous 245 572 10,319

Mean annual solid waste generation from cannabis is 9098 tonnes. For context, this is 2% of yard
and food waste (i.e. compostable organic waste) in Metro Vancouver in 2017 (Metro Vancouver,
2017b)’. Note that some CCFs treat solid waste on-site, so this estimate represents an upper
bound.

Waste Water Generation

l. Wastewater Generation Factors
Wastewater generation is arguably the least studied topic among the environmental impacts of
cannabis cultivation. This is likely because facilities were not historically testing their wastewater
for hazardous contents or, at least, not reporting this data publicly. After legalization in Canada,
CCFs that discharge wastewater into city sewage infrastructure must first treat it to the minimum
quality threshold. Based on personal communication with a Metro Vancouver Liquid Waste
Services officer, unconnected CCFs either request Metro Vancouver or a third-party service to
truck wastewater to a treatment plant, in which case the minimum quality threshold must still be

met.

CCFs rarely report wastewater discharge rates, making it difficult to directly calculate a WWF.
Two estimates have been quoted through personal communication with CCFs. One Metro
Vancouver CCF reported a WWF of 5 mL/plant/day. Another CCF quoted a WWF of 190
mL/plant/day and an additional 225 litres from clean-up after each harvest.

Metro Vancouver (2017) states compostable organic waste equaled 91 kg/capita. Using current population of 2.463
million this amounts to 224,133 tonnes.
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Il. Projected Impact on Annual Wastewater Generation

Table 8 shows projected annual wastewater discharge based on the two WWFs received through
personal communication. Mean annual discharge is 161 million litres. For context, 450 billion
litres of wastewater was treated in Metro Vancouver in 2017 (Metro Vancouver, 2017a). In
relation, the amount contributed by CCFs is less than 0.04%.

Table 8: Projected Annual Wastewater Discharge from Metro Vancouver Cannabis Cultivation

B.C.CCF1 5 ml/plant/day 8
B.C. CCF 2 190 mL/plant/day 313
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Conclusion
The purpose of this report was to assess the multi-media environmental impacts of cannabis

production in Metro Vancouver on:

e Air quality
* Water use
* Energy use
* Solid waste generation

* Wastewater generation

17 peer-reviewed and non-peer reviewed literature sources were consulted to identify
environmental damages on a per-gram (of final product) basis. These figures were extrapolated
to project annual environmental damages based on evidence about plant yield and density,
number of harvests, and total area of cultivation facilities.

The results are tabulated below. Overall, the environmental impacts of cannabis cultivation are
variable. Energy demand has the largest impact, making up 16% of B.C. electricity consumption.
Local air quality impacts also require attention, with cannabis VOC emissions making up 4% of
the Metro Vancouver total. On the other hand, additional wastewater is virtually zero in relation
to total Metro Vancouver discharge.

Local Air Quality 1,745 tonnes VOC
Water Demand 18,520 million litres
Energy Demand 12.6 terawatt-hours
Carbon Emissions 0.16 megatonnes
Solid Waste Generation 9,098 tonnes
Wastewater Generation 161 million litres

The above values are based on publicly available information with some personal communication
with regulatory officers from Metro Vancouver and other jurisdictions. The summary above
provides impact estimates based on best judgment using very limited and often highly variable
information. Despite the contribution of this report, more rigorous research is needed to aid
relevant regulatory bodies in assessing the environmental impact of cannabis cultivation and
identifying opportunities for mitigation.
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Appendices

Table A-1: VOC profile of cannabis plants

a-pinene
B-pinene
B-myrcene
limonene
hashishene
caryophyllene
humulene
B-ocimene

a-phellandrene
3-carene
a-terpinene
Terpinolene
Linalool
a-cadinene

a-pinene
B-pinene
B-myrcene
limonene
caryophyllene
thujene
camphene
sabinene

a-phellandrene
a-terpinene
p-cymene
cis-B-ocimene
y-terpinene
terpinolene
eucalyptol

*Grey indicates VOC species found across multiple studies/methods

Table A-2: EPA Policy: 40 CFR Section 51 — Definitions

Methane

1,1,1,2,3-pentafluoropropane (HFC-245eb)

ethane

1,1,1,3,3-pentafluoropropane (HFC-245fa)

methylene chloride (dichloromethane)

1,1,1,2,3,3-hexafluoropropane (HFC-236ea)

1,1,1-trichloroethane (methyl chloroform)

1,1,1,3,3-pentafluorobutane (HFC-365mfc)

1,1,2-trichloro-1,2,2-trifluoroethane  (CFC-
113)

chlorofluoromethane (HCFC-31)

trichlorofluoromethane (CFC-11)

1 chloro-1-fluoroethane (HCFC-151a)

dichlorodifluoromethane (CFC-12)

1,2-dichloro-1,1,2-trifluoroethane (HCFC-
123a)

chlorodifluoromethane (HCFC-22)

1,1,1,2,2,3,3,4,4-nonafluoro-4-methoxy-
butane (C4F9OCH3 or HFE-7100)

trifluoromethane (HFC-23)

2-(difluoromethoxymethyl)-1,1,1,2,3,3,3-
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heptafluoropropane ((CF3)2CFCF20CH3)

1,2-dichloro 1,1,2,2-tetrafluoroethane (CFC-
114)

1-ethoxy-1,1,2,2,3,3,4,4,4-nonafluorobutane
(C4F90C2H5 or HFE-7200)

chloropentafluoroethane (CFC-115)

2-(ethoxydifluoromethyl)-1,1,1,2,3,3,3-
heptafluoropropane ((CF3)2CFCF20C2H5)

1,1,1-trifluoro  2,2-dichloroethane
123)

(HCFC-

methyl acetate

1,1,1,2-tetrafluoroethane (HFC-134a)

1,1,1,2,2,3,3-heptafluoro-3-methoxy-propane
(n-C3F70CH3, HFE-7000)

1,1-dichloro 1-fluoroethane (HCFC-141b)

3-ethoxy- 1,1,1,2,3,4,4,5,5,6,6,6-
dodecafluoro-2-
(trifluoromethyl) hexane (HFE-7500)

1-chloro 1,1-difluoroethane (HCFC-142b)

1,1,1,2,3,3,3-heptafluoropropane (HFC 227ea)

2-chloro-1,1,1,2-tetrafluoroethane  (HCFC- | methyl formate (HCOOCH3)

124)

pentafluoroethane (HFC-125) 1,1,1,2,2,3,4,5,5,5-decafluoro-3-methoxy-4-
trifluoromethyl-pentane (HFE-7300)

1,1,2,2-tetrafluoroethane (HFC-134) propylene carbonate

1,1,1-trifluoroethane (HFC-143a) dimethyl carbonate

1,1-difluoroethane (HFC-152a) trans-1,3,3,3-tetrafluoropropene

parachlorobenzotrifluoride (PCBTF) HCF20CF2H (HFE-134)

cyclic, branched, or linear completely | HCF20CF20CF2H (HFE-236cal2)

methylated siloxanes

acetone

HCF20CF2CF20CF2H (HFE-338pccl3)

perchloroethylene (tetrachloroethylene)

HCF20CF20OCF2CF20CF2H (H-Galden 1040x
or H-Galden ZT 130 (or 150 or 180))

3,3-dichloro-1,1,1,2,2-pentafluoropropane
(HCFC-225ca)

trans 1-chloro-3,3,3-trifluoroprop-1-ene

1,3-dichloro-1,1,2,2,3-pentafluoropropane
(HCFC-225cb)

2,3,3,3-tetrafluoropropene

1,1,1,2,3,4,4,5,5,5-decafluoropentane (HFC
43-10mee)

2-amino-2-methyl-1-propanol

difluoromethane (HFC-32)

t-butyl acetate 1,1,2,2- Tetrafluoro -1-(2,2,2-
trifluoroethoxy) ethane

ethylfluoride (HFC-161)

cis-1,1,1,4,4,4-hexafluorobut-2-ene (HFO-
1336mzz-2)

1,1,1,3,3,3-hexafluoropropane (HFC-236fa)

perfluorocarbon compounds which fall into
these classes:

1,1,2,2,3-pentafluoropropane (HFC-245ca)

(i) Cyclic, branched, or linear, completely
fluorinated alkanes
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1,1,2,3,3-pentafluoropropane (HFC-245ea) (ii) Cyclic, branched, or linear, completely
fluorinated ethers with no unsaturations

(iii) Cyclic, branched, or linear, completely
fluorinated tertiary amines with no
unsaturations and

(iv) Sulfur containing perfluorocarbons with
no unsaturations and with sulfur bonds only
to carbon and fluorine

Table A-3: Canadian Energy Mix and Fuel-Wise Emissions Factors

Solar 0.5 0
Wind 4.7 0
Hydro 58.8 0
Nuclear 14.6 0
Biomass 2.0 0.0165
Natural Gas 9.6 0.180
Oil and Diesel 0.5 0.269
Coal 9.3 0.327
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