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Cannabis and Climate

Key Points

 • Environmental impacts need to be taken into account in the cannabis regulation debate, 

because the high carbon footprint of indoor grow facilities could jeopardize policy aims to 

meet climate goals 

 • The carbon footprint of producing 1 kilogram (kg) of cannabis indoors ranges from 2,300 to 

5,200 kg CO2, equivalent to burning 900 to 2,000 litres of gasoline

 • The energy used for lighting and environmental controls for indoor cultivation operations 

can require up to 5,000 kilowatt-hours (kWh) of electricity per kg of dried flower

 • For Germany, indoor production of the total estimated amount of 400 metric tons (mt) per 

year for the recreational market, compares to the total household electricity use of Cologne 

(Köln), the fourth largest German city with over 1.1 million inhabitants

 • The idea that quality and safety standards can only be met by moving cultivation indoors 

is a myth that pushes legal cannabis markets in the direction of becoming one of the most 

carbon-intensive industries

 • Evidence from practice shows that basic standards can be adequately met in outdoor 

cultivation, following Good Agricultural and Collecting Practice (GACP) guidelines

 • Where domestic climate conditions make outdoor growing more difficult, the best choice 

would be to allow imports from places with better conditions instead of moving cultivation 

indoors

 • A regulation model that only allows domestic indoor cultivation will increase the carbon 

footprint and energy use, including in comparison with the current illicit market

 • Imports from traditional producing countries would also create legal livelihood opportunities 

for small farmers currently depending on illicit cultivation

 • Given the global climate and energy crisis, there is a compelling case to encourage 

sustainable outdoor cultivation and to enable certified imports from traditional Southern 

producers

ideas into movement

The carbon footprint and energy use of indoor cultivation
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Environmental impacts are rarely taken into 

account in the cannabis regulation debate. 

The assumption is that legal regulation would 

automatically reduce the negative environmental 

consequences of the unregulated illegal market, 

because authorities would compel the industry 

to comply with basic environmental standards. 

Practices in North America and the direction 

of the emerging regulation debate in Germany 

and other European countries, however, reveal 

a disturbing trend towards indoor cannabis 

cultivation. The high carbon footprint of indoor 

grow facilities could jeopardize policy aims to 

reduce energy use and to meet climate goals. 

Carbon footprint

Depending on the climate conditions, there are 

a variety of options for cultivating cannabis, 

ranging from traditional outdoor growing using 

natural sunlight to windowless indoor sites which 

require sophisticated technologies to regulate the 

ambient environment and stimulate plant growth. 

In the middle of this spectrum are different types 
of greenhouse structures which may include part-

time artificial lighting and other forms of climate 
control. Sometimes, combinations are used in 

a single farm, for example mother plants may 

be kept indoors, while cloning occurs in mixed-

light environments, and full plants are grown 

outdoors.1 

From an environmental standpoint, the 

distinction between outdoor and indoor growing 

is significant because of the implications for 
energy use and greenhouse gas emissions 

(GHGs). To meet global climate goals, there has 

been a significant effort to undertake what are 
known as ‘life cycle assessments’ to determine 

the ‘carbon footprints’ of various industries in 

order to inform policymaking and climate action. 

To date, only very limited analysis has been 

undertaken on this front with respect to cannabis, 

with the vast majority of research focused on the 

United States. 

A notable early study by Evan Mills in 2012, pre-

dating the state-level legalisation of recreational 

(non-medical/adult) markets, looked at illegal 

indoor growing as well as legal indoor production 

for the medical market. The study estimated 

that nation-wide, a decade ago, indoor cannabis 

consumed 20 billion kWh of electricity annually, 

with additional amounts from direct fuel use, 

together corresponding to 15 million mt of 

CO2 released into the atmosphere each year, 

an average of 4,600 kg CO2-equivalent per 

kg of dried cannabis flower. In California, the 

top-producing state, indoor cultivation was 

responsible for about 3 per cent of all electricity 

use, or 9 per cent of household use: “This 

corresponds to the electricity use of 1 million average 

California homes, greenhouse-gas emissions equal 

to those from 1 million average cars, and energy 

expenditures of $3 billion per year.”2

Over the years, a number of state-level U.S. 

studies have added to these findings and 
corroborated the high energy consumption 

and carbon emissions associated with indoor 

cultivation.3 One of the most comprehensive 

studies at a national level is that conducted 

by Summers et al. (2021) at Colorado State 

University.4 They find that, based on location, 
lifecycle GHG emissions range from 2,300 to 

5,200 kg CO2 (median value 3,658 kg CO2) per 

kg of dried flower, equivalent to burning 900 
to 2,000 litres of gasoline.5 In some states, this 

placed the cannabis industry at the top-end of the 

range of carbon emitting sectors. In Colorado for 

example, carbon emissions from indoor cannabis 

production were greater than from the state’s 

active coal mining industry. 

The main factors driving up the energy use and 

GHG emissions from indoor cannabis cultivation 

include: 

� High intensity grow lights which can be 50 – 

200 times higher in intensity compared to a 

standard office setting and which are run for 
12, 18 or 24 hours a day depending on the life 

cycle of the plants;

� Heating, ventilation and air conditioning 

systems needed to maintain the required 

indoor temperature and humidity levels; 
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� Supplemental CO
2
 supplies which are added 

to increase the rate of photosynthesis to 

allow for quicker and more frequent harvests. 

This supplemental CO
2
 accounts for between 

11 – 25 per cent of total emissions across the 

indoor cannabis industry in the U.S.

In a special booklet on drugs and the environment 

of the 2022 World Drug Report (WDR), the United 

Nations Office on Drugs and Crime (UNODC) 
also underscores the high carbon footprint of 

indoor cannabis cultivation as one of three main 

areas of concern.6  To illustrate the extremely 

high emission level per kg of indoor cannabis 

(2,300-5,200 kg CO
2
), comparisons are made with 

producing one kg of green coffee beans (7 kg CO
2
) 

or cocoa beans (20 kg CO
2
). Even after adding 

international transport, roasting, grinding and 

packaging, the carbon footprint of a kg of coffee 
grown in South America and sold in Europe is not 

more than around 15 kg CO
2
.7

While steps can be taken to maximise efficiencies 
in indoor operations by, for example, encouraging 

the use of more efficient LED lighting, this still 
‘optimises the suboptimal’ as the carbon footprint 

of indoor cultivation remains many times higher 

than that of outdoor growing. Gains that can be 

made by introducing energy saving technologies 

are relatively minor. The same applies to the 

assumption that high energy demands can be 

compensated by switching to renewable energy 

sources after efficiencies have been maximised. 
According to Mills (2022) “an intractable structural 

problem for energy-intensive indoor cannabis 

production is that less than one-tenth of all energy 

needs (even less in the case of more ‘efficient’ vertical 
cultivation) can be generated by placing solar arrays 

on a typical facility’s rooftop, even in locations with 
ideal solar resources”.8 

Some cannabis companies have released 

‘Environment, Social, and Governance’ (ESG) 
reports, and expressed support for net-zero 

energy goals, but “they have not acknowledged 
the practical impossibility of doing so indoors“.9 

Despite decades of experimentation and 

technological innovation, “scalable solutions to 

the sticky energy and carbon problem have still 

not been demonstrated”.10 The best-case scenario 

rests with outdoor cultivation, which is “the most 

technologically elegant, sustainable, ethical, and 

economically viable approach for minimising the 

rising energy and environmental burden of cannabis 

production”.11

Energy consumption

In 2020, the National Cannabis Industry 

Association reported that 63 per cent of 

commercial cultivation in the U.S. takes place 

indoors, and another 20 per cent in mixed-light 

greenhouse settings. “The energy used for lighting, 

environmental controls, and hydration at indoor 

cultivation operations can require up to 5,000 

kilowatt-hours [kWh] of electricity per kilogram of 

output”, according to the industry’s own estimate. 

They recommend therefore, that: “Notwithstanding 
the benefits of greenhouse and indoor cultivation, 
outdoor cultivation should be encouraged to the 

extent practical because of the significantly reduced 
energy intensity of outdoor cultivation.”12 The 

difference in terms of energy use between indoor 
and greenhouse cultivation is difficult to quantify. 
Per square meter, greenhouses use much less 

electricity for lighting, but because of lower 

yields the savings per kg of cannabis produced 

are probably not more than around 25 per cent, 

according to one study in the U.S. based on 

limited data.13 Greenhouses also rely more often 

on natural gas for heating, so studies primarily 

looking at electricity use may underestimate total 

energy consumption.

Also for indoor growing, the amount of kWh/

kg varies significantly depending on outside 
temperature and humidity, the efficiency of used 
equipment, and the method of calculation. A 

report published by the Colorado Energy Office 
in 2018, for example, mentions a lower figure of 
2,650 kWh/kg based on self-reported data from 

three indoor grow operations in the state.14 The 

earlier quoted studies by Summers et al. and 

Mills, however, using a more comprehensive 

methodology, confirm the order of magnitude 
under less favourable conditions, with estimates 

up to 4,600 and 6,000 kWh/kg respectively. Similar 
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levels are confirmed for small-scale ‘home grow’ 
tents: “A fully fledged indoor grow-op in a small 
1.2x1.2x2.4m grow area will consume about 13,000 
KWh of electricity a year”.15 Based on an average 
yield of 500-575 gr/m2 per yield, as estimated in 
Dutch and Belgium studies,16 and 3 to 4 yields 

per year, that would also range between 4,000 to 

6,000 kWh/kg.

Applying these estimates to Germany reveals 

a dramatic picture of potential environmental 

impact and energy consumption, the 

consequences of which have thus far largely been 

absent in the policy debate on the announced 

legal regulation. Germany has a population 

of 84 million people, more than twice the size 

of Canada or California. A calculation by the 

Düsseldorf University of the fiscal impact of a legal 
cannabis market in Germany estimated the total 

annual demand for adult use to be around 400 

mt.17 Multiplied by the average of 5,000 kWh/kg, 

producing that full amount indoors in Germany 

could require about two million megawatt hour 

(mWh) of electricity. To put that in perspective, the 

average electricity consumption per household 

in Germany is about 3,100 kWh per annum.18 

Indoor production of the required amount of 400 

mt, would be comparable to the total household 

electricity use of a city like Cologne (Köln), the 

fourth largest German city with over 1.1 million 

inhabitants and an annual consumption of 1.9 

million mWh.19

Of course, not all of that would be additional 

energy use when the market is legally regulated. 

There is already significant indoor cultivation in 
Germany now to supply the illicit market. There 

are no reliable estimates of the share of illegal 

cannabis imports within the German market, 

and even less is known about how much of that 

import is cultivated outdoors. Herbal cannabis 

seized in Germany, however, mostly originates 

from Albania, and hashish primarily originates 

from Morocco.20 A substantial part of the supply 

for the adult market, however difficult to quantify, 
currently comes from countries where it is 

grown outdoors by small farmers. Although the 

objectives of the intended regulatory framework 

appear to focus mainly on health issues and 

product safety, environmental impacts cannot be 

left out of the equation. The regulatory framework 

should also aim to limit as much as possible the 

carbon footprint by favouring more sustainable 

production sources, including in comparison with 

the illicit market. A regulation that only allows 

domestic indoor cultivation will do the opposite 

and only increase the carbon footprint and energy 

use.

The case for outdoor cultivation 

There is a strong case to be made for cannabis 

cultivation for the regulated market to be 

based on outdoor cultivation in light of the 

vastly reduced carbon footprint. In the U.S., licit 

outdoor cultivation is still stymied by a number 

of regulations. Co-location requirements – the 

requirement that cultivation and retail along with 

the needed infrastructure take place in close 

proximity to one another – as well as licensing 

regimes that set fees according to the size of the 

area under cultivation incentivise indoor growing 

as yields can more easily be maximised per 

square foot indoors. A number of other measures, 

such as the offering by utility companies of 
energy-saving rebates and cheap industrial rates 

to indoor growers, tip the balance in favour of 

indoor cultivation. Most cultivators in those states 

“will be growing cannabis indoors because of climate, 
regulations or individual business preferences, 

laying the groundwork for skyrocketing electricity 
consumption created by the new markets”.21 

Meanwhile, U.S. federal cannabis prohibition thus 

far disallows inter-state commerce which would 

enable locating cannabis production in regions 

suitable for outdoor growing.22 

The ultimate form of ‘geographic optimisation’ 

would be to prioritise and regulate cannabis 

cultivation within traditional producing countries 

of the global South where the vast majority 

of cannabis is cultivated outdoors. Legal 
international trade in cannabis especially for 

recreational markets, however, is still extremely 

complex and requires resolving international 

legal obstacles. Even for the medical cannabis 

market, the difficulties in obtaining import and 
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export licenses mean that still relatively limited 

cross-border trade has taken place thus far, and 

hardly any from traditional Southern producers 

to Northern markets. Germany, for example, 

imported a total of 20.6 mt of medical cannabis 

in 2021, primarily from Canada, Denmark, the 

Netherlands, Portugal and Australia.23 

Cannabis regulation has advanced more rapidly 

in the global North, and this confers significant 
‘first mover’ advantages to investors from these 
countries in the global cannabis market. It is not 

coincidental that many of the world’s largest 

cannabis companies that dominate the industry 

are Canadian. The corporate capture of the 

medical cannabis industry could repeat itself 

in the emerging recreational markets where 

countries in the global North have favoured an 

import substitution approach to avoid additional 

legal hurdles, foreclosing developmental 

opportunities in principle available through (fair) 

trading relationships with Southern countries.24 

As Kenza Afsahi (2020) argues: “Changes in 

cannabis regulation are intended to control cultural, 

environmental and social justice abuses, but 

the cannabis market currently has relatively few 
economic models that promote justice, respect for 

the environment and equity between South and 
North and rich and poor.”25 

Despite the appearance of various voluntary 

certification schemes and ‘eco-labels’, there are 
no safeguards against ‘greenwashing’, the practice 

of companies making false environmental claims 

for marketing purposes. These touch on issues 

related to the responsible management of land 

and water resources; energy use and emissions; 

chemical use and disposal; plastic waste; odour 

pollution and air quality; and the provision of 

inaccurate, misleading or otherwise unverifiable 
information on environmental sustainability.26

Outdoor compliance with 
quality standards

There is no doubt that outdoor cultivation poses 

additional challenges for product standardization 

and quality control, the argument most often 

used to defend indoor cultivation. Illegal outdoor 

cultivation in traditional Southern producing 

countries have also been associated with 

significant environmental problems. The influx 
of foreign strains with higher yields and THC 

content, for example, has led to increased use of 

pesticides, artificial lighting in Colombia and to 
water depletion, soil erosion and land degradation 

in Morocco. Law enforcement and eradication 
operations have moved illicit cultivation to 

more isolated places, including into protected 

areas, sometimes leading to deforestation, as 

happened in Nigeria.27 Outdoor cultivation is 

also more vulnerable to weather conditions, and 

cross-pollination can lead to the degeneration of 

cultivars. Adapting current illicit growing practices 

to the standards required in legally regulated 

markets is certainly not an easy transition. But 
the idea that these problems can only be resolved 

by moving cultivation indoors is a myth that 

pushes legal cannabis markets in the direction 

of becoming one of the most carbon-intensive 

industries.

There is enough evidence from practice that basic 

quality and safety standards can be adequately 

met in outdoor cultivation for adult as well as 

medical use. The only federally licensed producer 

of medical cannabis in the U.S., for example, 

cultivates most of its plants outdoors.28 Colorado 

is one of the few states that allows consistent 

outdoor cultivation at scale.29 In Canada, where 

initially all production of medical cannabis took 

place indoors, the first outdoor licenses were 
granted in April 2019 after the legal regulation of 

the adult market. By April 2021, Health Canada 
had granted 110 outdoor cultivation licenses 

across the country, the majority for the adult 

market but also several for medical purposes.30 

There are several other countries, including 

Portugal and Australia, where licensed outdoor 

cultivation for medical use is taking place. 

Both the  World Health Organisation (WHO)31 

and the European Medicines Agency (EMA)32 

have developed Good Agricultural and Collecting 

Practice (GACP) guidelines for plant-based 

medicines, most of which are grown outdoors. 

Special GACP protocols for medicinal plants have 
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also been established under the Pharmaceutical 

Inspection Co-operation Scheme (PIC/S).33 A 

Cannabis Expert Panel evaluated specifications 
for United States Pharmacopeia (USP) quality 

standards for medical cannabis to mitigate 

public health risks associated with contaminated, 

substandard, or adulterated products.34 And 

the Cannabis Committee of the American 

Herbal Products Association (AHPA) elaborated 

best practice rules from seed to sale for safe 

and responsible medical and adult use.35 The 

recommended standards apply to indoor as well 

as outdoor cultivation, and there is no suggestion 

that compliance with the rules could only be 

achieved by controlled indoor cultivation. If it is 

possible to comply with the high standards for 

medical use, quality and safety guarantees can 

surely be met in outdoor growing for recreational 

markets, in compliance with GACP and Good 

Manufacturing Practice (GMP) guidelines. 

Imports from traditional 
producing countries

Where domestic climate conditions make outdoor 

growing more difficult, like in northern Europe, 
the logical choice would be to allow imports from 

places with better conditions ―as happens with 
coffee, tea, cacao and many other agricultural 
products― instead of moving cultivation indoors. 
The carbon footprint of transport from those 

regions would only represent a tiny fraction of 

the emissions related to indoor grow facilities. 

In the case of coffee, for example, the emissions 
of freight flight transport per kg from Brazil or 
Vietnam to the UK are around 11 kg CO

2
, and by 

cargo ship no more than 0.2 kg CO
2
, negligible 

amounts compared to the carbon footprint of 

indoor cannabis.36

In Germany, the fact that most of the supply 

is still coming from abroad five years after the 
legalisation of medical cannabis, indicates that 

it will be hard to fully meet the much larger 

recreational demand by local production alone. 

The German cannabis industry association BvCW 
“advocates the creation of a regulatory framework 
that enables market access for products from 

German cultivation, as well as the import of products 
from countries with comparable quality standards. 
[..] Despite concerns about compatibility under 

international law, the BvCW supports the creation of 
opportunities for international product imports.”37 

Also the German Hanfverband (DHV) argues: 

“Import from other countries - including traditional 

production countries such as Morocco, Afghanistan, 

Nepal, Lebanon, etc. - should be possible, provided 

that corresponding official regulations exist there in 
the future”.38 

Allowing imports from traditional producing 

countries would also be in line with Germany’s 

long-standing support for a development-oriented 

approach to drugs policies, aiming to create 

alternative legal livelihood opportunities for small 

farmers.39 This is crucial to prevent millions of 

people whose livelihoods depend on the illicit 

cannabis market from being left behind in the 

transition to legal regulation.40 On both ends of 

the supply chain obstacles in international law 

indeed need to be addressed, but legal solutions 

that can be found to justify domestic production 

can also serve as a basis for legitimate trade 

arrangements.41 

All of the above adds up to a compelling case to 

encourage sustainable outdoor cultivation (or in 

some cases greenhouses as a second-best option) 

and to enable certified imports from traditional 
Southern producers. As the experts in this field 
conclude, the best option to reduce carbon 

emissions and energy use is “avoiding the practice 

of indoor cannabis cultivation altogether”.42 “In a 

warming world, indoor cultivation is an unessential 
and unaffordable luxury”,43 especially for the non-

medical market.



transnationalinstitute7 | Cannabis and Climate

Endnotes
1. Ariani C. Wartenberg, A. et al. (2021). Cannabis and the 
Environment: What Science Tells Us and What We Still Need to Know. 
Environmental Science & Technology Letters, 8, pp. 98–107. https://dx.doi.
org/10.1021/acs.estlett.0c00844

2.  Mills, E. (2012). The carbon footprint of indoor cannabis 
cultivation. Energy Policy, 46, pp. 58-67. 

3.  Hood, G. (2018). Nearly 4 Percent of Denver’s Electricity Is 
Now Devoted To Marijuana. CPR News, 19 February. https://www.cpr.
org/2018/02/19/nearly-4-percent-of-denvers-electricity-is-now-devoted-
to-marijuana/ 

4.  Summers, H.M., Sproul, E. & Quinn, J.C. (2021). The greenhouse 
gas emissions of indoor cannabis production in the United States. Nature 
Sustainability (4)7, pp. 644-650. https://doi.org/10.1038/s41893-021-
00691-w

5.  Fox, A. (2021). Growing an Ounce of Pot Indoors Can Emit as 
Much Carbon as Burning a Full Tank of Gas. Smithsonian Magazine, 15 
March. https://www.smithsonianmag.com/smart-news/growing-ounce-
pot-indoors-can-emit-much-carbon-burning-full-tank-gas-180977240/ 
(amounts in gallons per ounce have been converted to liters per kg).

6.  UNODC (2022). The Big Picture: Drugs and the Environment. World 
Drug Report 2022, Booklet 5, June. https://www.unodc.org/res/wdr2022/
MS/WDR22_Booklet_5.pdf

7.  Nab, C. and Maslin, M. (2020). Life Cycle Assessment Synthesis 
of the Carbon Footprint of Arabica Coffee: Case Study of Brazil and 
Vietnam Conventional and Sustainable Coffee Production and Export to 
the United Kingdom’. Geo: Geography and Environment 7, no. 2. https://
doi.org/10.1002/geo2.96

8.  Mills, E. (2022, Winter). The Incompatibility of Cannabis Factory 
Farming with the Principles of ESG Risk Management and Impact 
Investment. The Journal of Impact and ESG Investing. https://drive.google.
com/file/d/10_BVdBETDA2pFx1UCkcSGnc9ewuaXeSU/view

9.  Ibidem.

10.  Mills, E. (2022, July). Cannabis ESG Risk is a Buzzkill for Investors. 
Blog post, 14 July. https://evan-mills.medium.com/cannabis-esg-risk-is-a-
buzzkill-for-investors-1c9749def519

11.  Mills, E. & Zeramby, S. (2021). Energy Use by the Indoor 
Cannabis Industry: Inconvenient Truths for Producers, Consumers, 
and Policymakers. In Corva, D. & Meisel, J. (eds.). The Routledge 
Handbook of Post-Prohibition Cannabis Research. London: Routledge. 
Open access version available at: https://www.researchgate.net/
publication/342364745_Energy_Use_by_the_Indoor_Cannabis_Industry_
Inconvenient_Truths_for_Producers_Consumers_and_Policymakers

12.  NCIA (2020). Environmental Sustainability in the Cannabis Industry: 
Impacts, Best Management Practices, and Policy Considerations. National 
Cannabis Industry Association, U.S., October.

13.  New Frontier Data (2018). The 2018 Cannabis Energy Report: The 
Current and Evolving State of Cannabis Energy Consumption. https://
catalog.resourceinnovation.org/item/the-2018-cannabis-energy-
report-407554

14.  Cannabis Conservancy (2018). Energy Use in the Colorado Cannabis 
Industry. Denver. https://energyoffice.colorado.gov/clean-energy-
programs/colorado-cultivators-energy-management-pilot-program

15.  Voser, S. (2021). How to Save on Energy Costs When Growing 
Cannabis Indoors. Zamnesia, 30 November. https://www.zamnesia.com/
blog-save-energy-costs-growing-cannabis-indoors-n210

16.  Potter, D. and Duncombe, D. (2012). The Effect of Electrical 
Lighting Power and Irradiance on Indoor-Grown Cannabis Potency and 
Yield. Journal of Forensic Sciences, May 2012, Vol. 57, No. 3. doi:10.1111/
j.1556-4029.2011.02024.x; Vanhove, W. et al. (2012). Yield and turnover 
of illicit indoor cannabis (Cannabis spp.) plantations in Belgium. 
Forensic Science International 220, 265–270. https://doi.org/10.1016/j.
forsciint.2012.03.013

17.  Haucap, J. and Knoke, L. (2021). Fiskalische Auswirkungen einer 
Cannabislegalisierung in Deutschland: ein Update. Institute for Competition 
Economics (DICE), Heinrich-Heine-Universität Düsseldorf (HHU), 16 
November, p. 33 https://www.dice.hhu.de/startseitennews/studie-
cannabislegalisierung-bringt-dem-staat-jaehrlich-47-milliarden-euro-
rund-27000-legale-arbeitsplaetze-wuerden-entstehen

18.  Statistisches Bundesamtes (2021), Stromverbrauch der privaten 
Haushalte nach Haushaltsgrößenklassen. Destatis (website). https://www.
destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/UGR/private-
haushalte/Tabellen/stromverbrauch-haushalte.html

19.  See https://www.entega.de/regionaler-oekostrom/koeln/

20.  EMCDDA (2019). Germany Country Drug Report 2019. https://
www.emcdda.europa.eu/system/files/publications/11334/germany-
cdr-2019_0.pdf

21.  Fertig, N. & Bade, G. (2021). An inconvenient truth (about weed). 
Politico, August 10. https://www.politico.com/news/2021/08/10/weed-
cannabis-legalization-energy-503004

22.  Andrade, S. (2021, June 9). Why is Growing Pot So Energy-
Intensive? Slate. https://slate.com/technology/2021/06/marijuana-
climate-change-green-indoor-growing.html

23.  BfArM (2022). Medizinalcannabis: Importmengen steigen 
weiter an. Bundesinstitut für Arzneimittel und Medizinprodukte 
(BfArM) https://www.bfarm.de/DE/Bundesopiumstelle/News/Cannabis/
medizinalcannabis-importmengen.html; Lamers, M. (2022). German 
cannabis imports growing as Canada’s leading share wanes. MJBizDaily, 
9 September. https://mjbizdaily.com/german-cannabis-imports-growing-
as-canadas-leading-share-wanes/

24.  Kay, S., Jelsma, M. & Bewley-Taylor, D. (2020). Fair Trade cannabis: 
a road map for meeting the socio-economic needs and interests of small 
and traditional growers. Journal of Fair Trade , Vol. 2, No. 1, June, pp. 27-
34. https://www.jstor.org/stable/10.13169/jfairtrade.2.1.0027

25.  Afsahi, K. (2020). The Rif and California: Environmental violence 
in the era of new cannabis markets. International Development Policy, 12, 
p.201. http://journals.openedition.org/poldev/3931

26.  Mills, E. (2022, August). From Green Rush to Green-wash: A laundry 
list of greenwashing behaviors from the cannabis industry. Webpage 
(updated 5 August). https://sites.google.com/site/millsenergyassociates/
topics/energy-up-in-smoke/from-light-green-to-greenwashing

27.  UNODC (2022). Nigeria Cannabis Survey: 2019 Baseline Assessment 
in Six States. https://www.unodc.org/documents/crop-monitoring/
Nigeria/Nigeria_Cannabis_Survey_2022.pdf

28.  See https://pharmacy.olemiss.edu/marijuana/

29.  HB21-1301 Work Groups (2022). Tax & Wholesale Cultivation 
Report. Colorado, US. https://sbg.colorado.gov/med/1301-Work-Groups

30.  Israel, S. (2021). Growth in Canadian outdoor cannabis grow 
licenses continues despite high-profile exits. MjBizDaily, April 15 2021 - 
Updated December 17. https://mjbizdaily.com/growth-in-canadian-
outdoor-marijuana-cultivation-licenses-continues/

31.  World Health Organization (2003). WHO guidelines on good 
agricultural and collection practices (GACP) for medicinal plants. https://
www.who.int/publications/i/item/9241546271

32.  European Medicines Agency (2006). Guideline on Good Agricultural 
and Collection Practice (GACP) for Starting Materials of Herbal Origin. 
Committee on Herbal Medicinal Products (HMPC), Doc. Ref. EMEA/
HMPC/246816/2005. https://www.ema.europa.eu/en/documents/
scientific-guideline/guideline-good-agricultural-collection-practice-gacp-
starting-materials-herbal-origin_en.pdf

33.  Pharmaceutical Inspection Convention (PIC/S) (2018). Manufacture 
of Herbal Medicinal Products, Guide to Good Manufacturing Practice for 
Medicinal Products. PE 009-14 (Annexes), Annex 7. Geneva, 1 July.

34.  Nandakumara D. Sarma et al. (2020). Cannabis Inflorescence for 
Medical Purposes: USP Considerations for Quality Attributes. Journal 
of Natural Products, 83, pp. 1334−1351. https://doi.org/10.1021/acs.
jnatprod.9b01200

35.  American Herbal Products Association (2016). Recommendations 
for Regulators − Cannabis Operations. https://www.ahpa.org//Files/
Document%20Library/AHPAGuidancePolicies/Cannabis_Operations_
Recommendations_Regulators.pdf

36. Nab, C. and Maslin, M. (2020). 

37.  BvCW (2022). Lieferketten und Produktionsbedingungen Positionen 
und Forderungen - aus dem Fachbereich Genussmittelregulierung. 
Branchenverband Cannabiswirtschaft (BvCW). Elemente, Materialien 
zur Cannabiswirtschaft, Band 24, June. https://start.cannabiswirtschaft.
de/wp-content/uploads/2022/06/ELEMENTE-24-Positionspapier-zu-
Lieferketten-und-ProduktionsbedingungenV.1.pdf

38.  Deutscher Hanfverband (2022). Cannabis-Regulierung in 
Deutschland: Wichtige Eckpunkte (25 July). https://hanfverband.de/
eckpunkte_cannabisregulierung

39.  Brombacher, D. and David, S. (2020). From Alternative 
Development to Development-Oriented Drug Policies. International 
Development Policy 12, Drug Policies and Development. Graduate 
Institute, Geneva. https://journals.openedition.org/poldev/3711

40.  Transnational Institute (2022). Cannabis and Development, An 
introduction to sustainable development issues in the global cannabis 
policy debate. TNI Cannabis Policy Brief 1, June. https://www.tni.org/en/
publication/cannabis-and-development

41.  Walsh, J. and Jelsma, M. (2019). Regulating Drugs: Resolving 
Conflicts with the UN Drug Control Treaty System. Journal of Illicit 
Economies and Development, 1(3), pp.266–271. http://doi.org/10.31389/
jied.23

42.  Summers et al. (2021).

43.  Mills, E. (2021). To Make Cannabis Green, We Need to Grow 
It Outdoors. Slate, 10 March. https://slate.com/technology/2021/03/
cannabis-environment-energy-indoor-outdoor-growth-climate-change.
html

https://dx.doi.org/10.1021/acs.estlett.0c00844
https://dx.doi.org/10.1021/acs.estlett.0c00844
https://www.cpr.org/2018/02/19/nearly-4-percent-of-denvers-electricity-is-now-devoted-to-marijuana/ 
https://www.cpr.org/2018/02/19/nearly-4-percent-of-denvers-electricity-is-now-devoted-to-marijuana/ 
https://www.cpr.org/2018/02/19/nearly-4-percent-of-denvers-electricity-is-now-devoted-to-marijuana/ 
https://doi.org/10.1038/s41893-021-00691-w
https://doi.org/10.1038/s41893-021-00691-w
https://www.smithsonianmag.com/smart-news/growing-ounce-pot-indoors-can-emit-much-carbon-burning-full-tank-gas-180977240/
https://www.smithsonianmag.com/smart-news/growing-ounce-pot-indoors-can-emit-much-carbon-burning-full-tank-gas-180977240/
https://www.unodc.org/res/wdr2022/MS/WDR22_Booklet_5.pdf
https://www.unodc.org/res/wdr2022/MS/WDR22_Booklet_5.pdf
https://doi.org/10.1002/geo2.96
https://doi.org/10.1002/geo2.96
https://drive.google.com/file/d/10_BVdBETDA2pFx1UCkcSGnc9ewuaXeSU/view
https://drive.google.com/file/d/10_BVdBETDA2pFx1UCkcSGnc9ewuaXeSU/view
https://evan-mills.medium.com/cannabis-esg-risk-is-a-buzzkill-for-investors-1c9749def519
https://evan-mills.medium.com/cannabis-esg-risk-is-a-buzzkill-for-investors-1c9749def519
https://www.researchgate.net/publication/342364745_Energy_Use_by_the_Indoor_Cannabis_Industry_Inconvenient_Truths_for_Producers_Consumers_and_Policymakers
https://www.researchgate.net/publication/342364745_Energy_Use_by_the_Indoor_Cannabis_Industry_Inconvenient_Truths_for_Producers_Consumers_and_Policymakers
https://www.researchgate.net/publication/342364745_Energy_Use_by_the_Indoor_Cannabis_Industry_Inconvenient_Truths_for_Producers_Consumers_and_Policymakers
https://catalog.resourceinnovation.org/item/the-2018-cannabis-energy-report-407554
https://catalog.resourceinnovation.org/item/the-2018-cannabis-energy-report-407554
https://catalog.resourceinnovation.org/item/the-2018-cannabis-energy-report-407554
https://energyoffice.colorado.gov/clean-energy-programs/colorado-cultivators-energy-management-pilot-program
https://energyoffice.colorado.gov/clean-energy-programs/colorado-cultivators-energy-management-pilot-program
https://www.zamnesia.com/blog-save-energy-costs-growing-cannabis-indoors-n210
https://www.zamnesia.com/blog-save-energy-costs-growing-cannabis-indoors-n210
https://doi.org/10.1111/j.1556-4029.2011.02024.x
https://doi.org/10.1111/j.1556-4029.2011.02024.x
https://doi.org/10.1016/j.forsciint.2012.03.013
https://doi.org/10.1016/j.forsciint.2012.03.013
https://www.dice.hhu.de/startseitennews/studie-cannabislegalisierung-bringt-dem-staat-jaehrlich-47-milliarden-euro-rund-27000-legale-arbeitsplaetze-wuerden-entstehen
https://www.dice.hhu.de/startseitennews/studie-cannabislegalisierung-bringt-dem-staat-jaehrlich-47-milliarden-euro-rund-27000-legale-arbeitsplaetze-wuerden-entstehen
https://www.dice.hhu.de/startseitennews/studie-cannabislegalisierung-bringt-dem-staat-jaehrlich-47-milliarden-euro-rund-27000-legale-arbeitsplaetze-wuerden-entstehen
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/UGR/private-haushalte/Tabellen/stromverbrauch-haushalte.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/UGR/private-haushalte/Tabellen/stromverbrauch-haushalte.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/UGR/private-haushalte/Tabellen/stromverbrauch-haushalte.html
https://www.entega.de/regionaler-oekostrom/koeln/
https://www.emcdda.europa.eu/system/files/publications/11334/germany-cdr-2019_0.pdf
https://www.emcdda.europa.eu/system/files/publications/11334/germany-cdr-2019_0.pdf
https://www.emcdda.europa.eu/system/files/publications/11334/germany-cdr-2019_0.pdf
https://www.politico.com/news/2021/08/10/weed-cannabis-legalization-energy-503004
https://www.politico.com/news/2021/08/10/weed-cannabis-legalization-energy-503004
https://slate.com/technology/2021/06/marijuana-climate-change-green-indoor-growing.html
https://slate.com/technology/2021/06/marijuana-climate-change-green-indoor-growing.html
https://www.bfarm.de/DE/Bundesopiumstelle/News/Cannabis/medizinalcannabis-importmengen.html
https://www.bfarm.de/DE/Bundesopiumstelle/News/Cannabis/medizinalcannabis-importmengen.html
https://mjbizdaily.com/german-cannabis-imports-growing-as-canadas-leading-share-wanes/
https://mjbizdaily.com/german-cannabis-imports-growing-as-canadas-leading-share-wanes/
https://www.jstor.org/stable/10.13169/jfairtrade.2.1.0027
http://journals.openedition.org/poldev/3931
https://sites.google.com/site/millsenergyassociates/topics/energy-up-in-smoke/from-light-green-to-greenwashing
https://sites.google.com/site/millsenergyassociates/topics/energy-up-in-smoke/from-light-green-to-greenwashing
https://www.unodc.org/documents/crop-monitoring/Nigeria/Nigeria_Cannabis_Survey_2022.pdf
https://www.unodc.org/documents/crop-monitoring/Nigeria/Nigeria_Cannabis_Survey_2022.pdf
https://pharmacy.olemiss.edu/marijuana/
https://sbg.colorado.gov/med/1301-Work-Groups
https://mjbizdaily.com/growth-in-canadian-outdoor-marijuana-cultivation-licenses-continues/
https://mjbizdaily.com/growth-in-canadian-outdoor-marijuana-cultivation-licenses-continues/
https://www.who.int/publications/i/item/9241546271
https://www.who.int/publications/i/item/9241546271
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-agricultural-collection-practice-gacp-starting-materials-herbal-origin_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-agricultural-collection-practice-gacp-starting-materials-herbal-origin_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-agricultural-collection-practice-gacp-starting-materials-herbal-origin_en.pdf
https://doi.org/10.1021/acs.jnatprod.9b01200
https://doi.org/10.1021/acs.jnatprod.9b01200
https://www.ahpa.org//Files/Document%20Library/AHPAGuidancePolicies/Cannabis_Operations_Recommendations_Regulators.pdf
https://www.ahpa.org//Files/Document%20Library/AHPAGuidancePolicies/Cannabis_Operations_Recommendations_Regulators.pdf
https://www.ahpa.org//Files/Document%20Library/AHPAGuidancePolicies/Cannabis_Operations_Recommendations_Regulators.pdf
https://start.cannabiswirtschaft.de/wp-content/uploads/2022/06/ELEMENTE-24-Positionspapier-zu-Lieferketten-und-ProduktionsbedingungenV.1.pdf
https://start.cannabiswirtschaft.de/wp-content/uploads/2022/06/ELEMENTE-24-Positionspapier-zu-Lieferketten-und-ProduktionsbedingungenV.1.pdf
https://start.cannabiswirtschaft.de/wp-content/uploads/2022/06/ELEMENTE-24-Positionspapier-zu-Lieferketten-und-ProduktionsbedingungenV.1.pdf
https://hanfverband.de/eckpunkte_cannabisregulierung
https://hanfverband.de/eckpunkte_cannabisregulierung
https://journals.openedition.org/poldev/3711
https://www.tni.org/en/publication/cannabis-and-development
https://www.tni.org/en/publication/cannabis-and-development
http://doi.org/10.31389/jied.23
http://doi.org/10.31389/jied.23
https://slate.com/technology/2021/03/cannabis-environment-energy-indoor-outdoor-growth-climate-change.html
https://slate.com/technology/2021/03/cannabis-environment-energy-indoor-outdoor-growth-climate-change.html
https://slate.com/technology/2021/03/cannabis-environment-energy-indoor-outdoor-growth-climate-change.html


The Transnational Institute (TNI) is an international research and advocacy institute committed to 

building a just, democratic and sustainable planet. For more than 40 years, TNI has served as a unique 

nexus between social movements, engaged scholars and policy makers.

ACkNOwLEdgEmENtS

Acknowledgements: This Cannabis Policy Brief draws from the TNI report Prohibited Plants, Environmental 

Justice in Drug Policy, Sylvia Kay, Transnational Institute, June 2022. The estimates used for carbon 

emissions and energy use of indoor cannabis cultivation are primarily based on the research done in the 

U.S. by Evan Mills, Hailey Summers, Evan Sproul and Jason Quinn (see references).

PUBLICAtION dEtAILS

Contents of the report may be quoted or reproduced for non-commercial purposes, provided that the 

source of information is properly cited http://www.tni.org/copyright

tRANSNAtIONAL INStItUtE (tNI)

De Wittenstraat 25, 1052 AK Amsterdam, The Netherlands

Tel: +31-20-6626608

www.tni.org / tni@tni.org

https://www.tni.org/en/topic/cannabis

http://www.tni.org/copyright

