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Background

Since 1 July 2018, it has been possible to apply for a license to cultivate medicinal cannabis
in Denmark. The rules appear from the executive order on the cultivation, production and
distribution of cannabis bulk and production of cannabis primary products. This means that
companies in Denmark can now apply for a license to produce medicinal cannabis for the
pilot programme and patients in Denmark and export. Currently, 40+ companies were
granted permission to cultivate and handle cannabis in Denmark.

Cannabis substance and one of its derivatives were classified as Schedule IV (i.e. a subset
of Schedule | drugs) which was designated in a category alongside heroin and other
opioids.’ That means not only cannabis substances were considered to be "highly addictive
and highly liable for abuse," they're also labelled as "particularly harmful and of extremely
limited medical or therapeutic value." Nevertheless, the UN Commission on Narcotic Drugs
approved a recommendation from the World Health Organization on 2" of December 2020
to remove cannabis and cannabis resin from its Schedule 1V classification - a move that
recognizes the plant as having medicinal value.?

The active substances (i.e. cannabinoids) in cannabis are found mainly in the trichomes
which are concentrated in the flowers or buds, where these can be marketed directly or
processed further for purified cannabinoids i.e. THC and CBD. The delta-8-
tetrahydrocannabinol (AS-THC), a.k.a. to cannabis users simply as THC, is the cannabis
plant's primary component for causing psychoactive effects. In 1864, Raphael Mechoulam a
Bulgarian-born chemist first isolated THC and found that the substance is absorbed into
the bloodstream and bound to the naturally-occurring endocannabinoid receptors located in
the parts of the brain (i.e. cerebral cortex, cerebellum, and basal ganglia) responsible for
thinking, memaory, pleasure, coordination and movement.? Cannabidiol (CBD) is one of 113
identified cannabinoids (so far) in cannabis plants does not have the same psychoactivity
as THC. As of 2019, clinical research on CBD included studies related to anxiety, cognition,
movement disorders, and pain, but there is insufficient high-quality evidence that
cannabidiol is effective for these conditions.?

The THC or CBD containing cannabis oils are utilized for the treatment of cancer and nausea
and can also be used to improve sleep and to alleviate stress and anxiety. The legality of
cannabis oils compared to buds differs from country to country. The demand for cannabis
0il is rising due to social stigma involving the smoking of cannabis (marijuana). Mareover,
doctors are not comfortable with patients smoking cannabis as it has potential detrimental
components such as particles, tar, and other chemicals. The revenue forecast for medical
and recreational cannabis is projected to increase to more than $73 billion by 2027.°

As the wave of legalization progresses, a cannabis production (i.e. budding), processing and
extraction industry is now seeking to implement high-level of standard practices (i.e. GMP,
GACP) to meet regulatory reguirements for medical and pharmaceutical products.
Implementing the methods and disciplines of plant science and analytical chemistry will
ensure that cannabis producers can produce safe, reliable, consistent, and high-quality

1 Single Convention on Narcotic Drugs, United Nations 1916
2 UN removes cannabis from a list of the most dangerous substances
3 Gaoni Y.Mechoulam R. (1964) Isolation, structure, and partial synthesis of an active constituent of hashish. J. Am. Chem. Sbc. 86:164

4Black N, et al. (2019) Cannabinoids for the treatment of mental disorders and symptoms of mental disorders: a systematindevi
metaanalysis. The Lancet. Psychiatry. 6 (12)g2050.

5 Medical marijuana market shares 202027



https://www.unodc.org/pdf/convention_1961_en.pdf
https://edition.cnn.com/2020/12/02/health/un-reclassifies-cannabis-scn-trnd/index.html
https://www.grandviewresearch.com/industry-analysis/legal-marijuana-market

products for a rapidly growing and profitable market. On the other hand, the production
and processing of cannabis also generate side stream residues that could end up as waste
materials. The consequences of improper disposal can be serious for cannabis businesses,
i.e. they can lose their license if verified that waste was improperly handled. Commercial
cannabis has five core business maodels: cultivation, manufacturing, or processing (i.e.
extraction), distribution, retail, and laboratory testing. Each business model has different
residue (i.e. waste) streams and therefore must be dealt according to the type of business
models and production activities.

Danish Cannabis producers i.e. cultivators or processors for cannabis flowers or buds, as
well as THC, CBG and CBD-oil manufacturers, are facing an enormous challenge on their
cannabis residues. The residues from cannabis plant cultivation are generated from routine
pruning, trimming, harvest, cloning, propagation, i.e. flower, leaves, stalk or stem, root ball,
failed plant, mature clone. In addition, manufacturing of THC and CBD containing cannabis
0il also accumulates waste notably from the post-extraction of cannabis biomass that
includes buds, flowers, leaves, trims, and shake with allowable levels of residual
contaminants or with solvent residuals.

To our knowledge (from 1st Medical Cannabis Symposium, DTI Taastrup), none of the
Danish Cannabis producers employs upcycling technology to valorized cannabis production
and processing residues. The current management guidelines for cannabis residue in
Denmark indicated that the waste generated from cannabis-related activities i.e.
cultivation and manufacturing must be burned for destruction. However, like any other
terrestrial plant residues e.g. agri-residue, the cannabis cultivation and manufacturing
residues can be upcycled to produce high-value compounds. For instance, in the ProEnrich
project has developed flexible biorefinery approach that able to process a wide range of
agri-residues from rapeseed meal, olives, tomatoes and citrus fruit industries. Moreover, in
the Subleem 2.0 project has established a food-grade pilot-scale biorefining plant for green
biomass processing such as grasses and sugar beet leaves (e.g. tops), through which it is
possible to assess the potential of refining strategies and products.

This report will deliver different upcycling technology related to plant residues that can be
applied in the cannabis industry. We will outline various chemical compounds from cannabis
residues that have valuable applications as well as discussed, the types of technology
necessary to isolate them. The report will highlight current regulatory standards for
handling cannabis waste in comparison to existing pharmaceutical manufacturing practices
related to waste management. Different products and applications for Medical Cannabis will
be highlighted in the report as well the various processing strategy will be reported.

The knowledge being established by this report is highly relevant not only to the Danish
Cannabhis Industry but also to the whole cannabis business sector. This report will provide
an understanding of the different strategies for value creation to cannabis waste-stream
and subsequently uphold the regulatory standards and manufacturing practices. Thus, many
stakeholders will benefit from this report notably the Invest in Denmark for the cannabis
business sector as well as the Danish Medical Agency for regulatory standard. Since
Denmark is one of the pioneers of medical cannabis in EU, this report could serve as a
knowledge resource for many businesses in the EU, Canada and the US who wants to
valorize their cannabis waste.



Introduction

Current products that are generally utilized are derived from petrochemical-based building
blocks. Europe impaorts almost 95% of its crude oil making it particularly sensitive to
economic fluctuations and resource availability, not to mention negative environmental
impacts of using non-renewable materials.? To tackle this situation, the Research and
Innovation Roadmap 2050 and Strategic Innovation & Research Agenda (SIRA) have both
been designed to promote a coordinated push towards sustainability of Europe’s raw
materials.” 8 Upcycling of medical cannabis cultivation and manufacturing residues
correspond very well with sustainable utilization of raw and is in line with UN's Sustainable
Development Goals.

Over 5000 years ago, Cannabis sativa L. was cultivated in Central and North-eastern Asia.?
Today cannabis i.e. industrial hemp has been widely cultivated and used throughout history
for its fibre, as well as for its nutritional and medicinal properties.t? Hemp is an annual
high-yielding crop with a low environmental impact due to its resilience to pests and
diseases, making it a suitable crop for both conventional and organic cropping systems. In
comparison with other crops, hemp requires a low level of irrigation and fertilizers after its
establishment. The stems provide fibers and hurds or shives, while seeds are used for food,
feed, and pharmaceutical applications.t

Understanding the different chemical components of the various parts of the cannabis
plant is a prereqguisite for developing upcycling strategy. The cannabis stem is a source of
fibre and woody core (i.e. hurd or shives) that is high in cellulose and hemicellulose
content. The underutilized seed and pressed seed meal of cannabis contain protein and
polysaccharide that can be catalyzed into functional molecules. Therefore, developing
cannabis biomass residues into a sustainable source of value-added biochemicals and
biofuels will require a flexible cascading biorefining technology. Current biorefining
technology for the extraction of cannabinoids utilized hydrocarbon solvent, supercritical
fluid-CO2, and ethanalic extraction. The downstream processes for the purification of
cannabis extract concentrates may invaolve winterization, vacuum filtration, rotary
evaporation, and short path distillation technology.

Upcycling strategy for cannabis residue may involve different conversion routes notably
chemical, thermo-physical and biochemical conversion for breaking down the cell wall
matrix of the plant material residues. Thus, liberating more fermentable sugars that can be
utilized for fermentation of various biochemical as agent for bicenergy and bioplastic
production. Although the hemp seed boasts high nutritional and functional potential, its
application in food preparations is still underestimated due to scarce upcycling technology
and the presence of several anti-nutritional factors. However, the employment of
bioprocessing technology enhances the antioxidant activity of the hemp in vitro. The lactic
acid bacteria fermentation was the best method to significantly improve the antioxidant

6 Eurostat (2020Dil and petroleum productsa statistical overviewData extracted June 2020

7 VERM (2013) Research and Innovation Roadmap 2050: A Sustainable and Competitive Future for European Raw Materials

8 SIRA, Strategic Innovation & Research AgeBitebased Industries fobevelopment & Growth in Europe

9 Li, H. (1973) The origin and use of Cannabis in eastern Asia linguistial implications). Econ. Bot., 28, pp. 2381

10 3.D. House, J. Neufeld, G. Le@®10) Evaluating the quality of protein from hemp seed (Cannabis sativa L.) products through the use
of the protein digestibilitycorrected amino acid score methdd Agric. Food Chem., 58 (2010), pp. 11B0807

11 Ascrizzi, R et. al. (2019) Valorisatashemp inflorescence after seed harvest: Cultivation site and harvest time influence agronomic
characteristics and essential oil yield and composition. Industrial Crops and Produdt39, 111541



https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Oil_and_petroleum_products_-_a_statistical_overview&oldid=315177#Imports_of_crude_oil
https://biconsortium.eu/about/our-vision-strategy/sira

potential of the hemp through intense proteolysis which led to both the release of
bioactive peptides and the increase in the protein digestibility.*

Due to the sensitive nature of cannahis biomass, companies that are engaging the
Cultivation and process must undergo strict regulatory guidelines especially on keeping
records and disposal of residues. Accounting and destruction of cannabis apply only to
regulated plant parts of cannabis notably the above-ground parts of plants, from which the
resin is not removed. However, hemp seeds and hemp stems in an isolated state is
excluded. An exception has also made for plants or seeds of the same genus if the plant,
plant part or preparation has a content of tetrahydrocannabinol (THC) of not more than
0.2%. The current waste management approach for cannabis residue includes incineration,
composting, and anaerobic fermentation (i.e. biogas production). Hence, open more
opportunities for developing upcycling technology for creating high-value products.

The term Cannabis and Hemp sometime create confusion because both belong to the same
plant species. However, they are genetically distinct and are distinguished by their
application, and chemical composition (i.e. cannabinoid content) as well as by differing
cultivation. Maoreover, these cultivars may also share the same molecular and structural
components in term to its biomass characteristics and properties. Hence, the term cannabis
and hemp used in this report can be interchangeable.

Objectives

In this report, we will outline the current common practices in Denmark regarding cannabis
waste management. We will explore in-depth literature review the different biorefining
technology and upcycling opportunities to sustainably valorized cannabis residues and
investigate their potential applications and prospects. We will also examine some
regulations that ensure the proper handling of cannabis waste. In addition, we will discuss
the various cannabinoids (i.e. CBD and THC) extraction methodology as well as outline the
state-of-the-art downstream unit operations for the purification and concentration of
medical cannabis il products.

1. Upcycling technology

Upcycling is the process of transforming by-products, residue materials, useless, or
unwanted products into new materials or products perceived to be of greater guality and
higher value. Cannabis cultivation and manufacturing generates an enormous amount of
residue that can be upcycled for value-added products. In Canada alone, it was estimated
that by 2020 there will be over 6,000 metric tonnes of cannabis waste produced per year.
Since the cannabis industry is booming globally (cannabis legalized countries), therefore the
vast residues generated could have an unsustainable impact on the environment if it is not
utilized or manage properly. In recent developments, the cannabis entrepreneurs are
exploring ways that cultivators and processors can turn cannabis plant waste and post-
extraction residues into economic advantage.

12 pontonio, E. et. al. (2020) Impact of Enzymatic aimdddial Bioprocessing on Antioxidant Properties of He@enfabis sativa.).
Antioxidants 2020, 9, 1258; doi:10.3390/antiox9121258



The European Commission (EC) and the EU-Member States have recently promoted the use
of non-food (technical or industrial) biomass, to tackle three bottlenecks within the EU:

1 Finding an alternative to dwindling fossil energy resgurces;

9 Reducing our CO? emissions to reduce the greenhouse effect;

9 Upgrading agricultural surpluses and residues (now called technical or industrial
biomass) for non-food applications i.e. chemicals, materials and bioenergy.

In this connection, the integration of the chemical sector with the agricultural sector will
grow significantly in the coming decades. At a global level, society is changing already
towards a biobased economy. In a biobased economy, biomass replaces a portion of the
fossil resources, such as oil, coal and natural gas, for the production of biochemicals,
biomaterials and bioenergy. Biomass-derived residues and wastes can be extracted by
chemical, physical, microbial or enzymatic treatments to valorized for applications in
sectors such as food, health and medicine, chemistry, materials and energy.’3

The current application for Cannabis biomass especially for industrial hemp includes:*

I Hempcrete, i.e., concrete manufactured utilizing hemp, for products such as bricks
or utilized in the same fashion as concrete;

Fiberboard/hemp plywood utilized as a plywood substitute;

Fibre for a multitude of industrial uses—from construction to insulation;

Hemp seed oil;

Hemp paper (e.g., rolling papers):

Oe-hulled hemp seed/nut for food products;

1 Seed for bird food

=A =4 =4 =4 =4

Possibilities for upcycling of cannabis residues for various application:

9 Cellulose: isolation for potential plastic manufacturing for cannabis packaging
Hemp cardboard for cannabis packaging

Lipids, fats and wax for salves, creams, and lip balm

Waste ethanol for potential re-distillation

Fuel, including ethanol

Soil amendment

9 Pet products for both wellness and as bedding

= =4 =4 4 4

Developing cannabis biomass residue into a sustainable source of value-added biochemicals
and biofuels will require a flexible cascading technology. Numerous research and
development efforts have been performed to create and apply different technologies for
the upcycling and conversion of industrial biomass. So far there is no clear trend showing
which technology will be the most effective future option. Nevertheless, there are three
main conversion routes® that can be employed for upcycling cannabis biomass:

1 (Chemical route: The chemical catalysis is another well-known principle, with
different processes (i.e. chemical hydrolysis, and solvent extraction) in use or under
development;

1 Thermo-chemical route: The first step in the process here is the gasification of the
biomass feedstock under high temperature into synthesis gas. This gas can then be

13 vandamme E., (2011) Industrial Biomé&surce of Chemicals, Materials, and EneBglgian Academy Council of Applied Science
(BACAS)
14 Morrow, K. (2019Dne Hemg dzf G A @I G2 NDa 2+ 434S A& .HempGrevemN) . dza Ay $3a0Qa hLILIR NLidzyAd e



http://cleverconsult.eu/clever3/wp-content/uploads/2017/03/tw_BACAS_Biomass_01022011.pdf
https://www.hempgrower.com/article/hemp-waste-business-opportunities/

transformed into different types of liquid or gaseous fuel, so-called “synthetic
fuels™

9 Bio-chemical route: This process is based on enzymatic and microbial hydrolysis
("bio-cracking™) of the biomass (lignocellulosic) material through a variety of
microbial actions or their enzymes that hydrolyze the cellulosic matrix into sugars.
In a subsequent step of the process, these sugars can be chemically transformed or
fermented into bio-alcohols (i.e. bio-ethanol, butanol, methanol,...) or into a wide
range of useful biochemicals (e.g. bioplastics, biodetergents, and biovitamines).

The most industrially important chemicals involve catalysis, using inorganic catalysts (e.g.
acid hydrolysis, and transesterification).* In order to be able to valorize major components
of lignocellulosic biomass (cellulose, hemicellulose and lignin), acid hydrolysis is employed
as a pretreatment step to recover the cellulose and hemicellulosic sugars for subseqguent
enzymatic conversion. Various acid hydrolysis or chemical transformation techniques have
been studied for pretreatment of lignocellulosic biomass; recently also the use of ionic
liguids has been documented with a nearly 80% yield of glucose from cellulose and 70-80%
yield of sugars from untreated corn stover. The most promising technology is Ammonia
fibre explosion (AFEX) pretreatment, which is a combination of a chemical (i.e. ammonia)
and thermo-physical digestion (i.e. temperature and pressure) of the biomass in order to
increase the fermentable sugar yields.®

Biochemical conversion of biomass is another technalogy that can be utilized for upcycling
of cannabis residues. Biochemical conversion entails breaking down of biomass by using
enzymatic and/or microbial action, to make the palymeric carbohydrates available as
fermentable sugars, which can then be converted into biofuels, bioplastic (i.e. polylactic
acid (PLA) and polyhydroxyalkanoates (PHAS)) and bioproducts using microorganisms (e.g.
bacteria, yeasts, and fungi) and their enzymes. In optimizing the role of biochemical
conversion, researchers are developing technologies needed throughout the process
including new enzymes for hydrolysis and new microorganism for fermentation.® It is only
now being fully realized by the chemical industry that the utilization of microorganisms is
an inexhaustible source of a wide range of useful enzymes and chemical compounds.
Several fine and bulk chemicals such as solvents, food additives, enzymes, agrochemicals
and biopharmaceuticals are now being produced based on microbial biotechnology via
industrial fermentation or biocatalysis processes.6 v

As an example of upcycling agri-residues from crops is the ProEnrich project. This project
aims to develop novel functional proteins and bioactive ingredients from rapeseed, olive,
tomato and citrus fruit side streams for applications in food, cosmetics, pet food and
adhesives. Different biarefining technology was employed for this project to valorize these
agri-residues including extraction and fractionation, filtration and purification and drying
(Figure 1).18

15 SerraneRuiz J., West R. and Dumesig J. (2010). Catalytic conversion of renewable biomass resources to fuels and chemicals. Ann. Rev.
Chem. Biomol. Eng., 1,-190.

16 Gavrilescu M. and @i . (2005). Biotechnology: a sustainable alternative for chemical indBsttgchnol. Adv., 23, 47499.
17 Demain A.L. (2007). The business of biotechnology. Ind Biotechnol.,-38269

18 TheProEnrich Project. A 2 . F SR LY RdzAGNASAE W2Ayd ! yRSNIF{Ay3d dzy RSNI KS 9 dzNR LIS

programme under Grant Agreement No 792050.
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Figure 1. Generic cascading unit gperations for upcycling plant biomass utilized in the
ProEnrich project.

Cannabis Manufacturing and processing residue contribute to the securing of a sustainable
supply of feedstock for the biobased economy in Europe. This will reqguire further research
into methods of improving the biorefining process of biomass for optimal conversion
efficiency.

2. Cannabis plant biomass: physicochemical characteristics

Medical cannabis (i.e. marijuana) and industrial hemp are from the same species of plant,
Cannabis sativa, but from different varieties or cultivars. However, industrial hemp and
medical cannabis are genetically distinct and are distinguished by their application, and
chemical composition (i.e. bioactive compounds) as well as by differing cultivation practices
in their production. Though medical cannabis generally refers to the cultivated plant used
as a psychotropic and non-psychotropic drug (i.e. THC and CBD, whether used for medicinal
or recreational purposes), industrial hemp is cultivated for use in the production of a wide
range of products, including foods and beverages, personal care products, nutritional
supplements, fabrics and textiles, paper, construction materials, and other manufactured
and industrial goods.™

Nonetheless, with more than 1,000 strains of cannabis having been bred over several
decades, it is crucial to understand the different physicochemical characteristics of
cannabis biomass. Since the medical cannabis is also belonging to the same plant species as
the industrial hemp, it can be hypothesized that they also share the same molecular and
structural components in term to its biomass characteristics and properties. Although the
medical cannabis is not known for its fibre producing anatomy, nevertheless its structural
components may be similar or closely related to the industrial hemp. Thus, is it vital to
understand industrial hemp biomass's molecular and structural components, to comprehend
what type of valuable compounds aside from the cannabinoids that medical cannabis
contain especially the residues (i.e. stem, leaves and branches).

Industrial hemp constitutes bast fibre and inner xylem core; its fibre bundles are located in
the cortex and encircles the inner core (Figure 2). Hemp is the source of two types of

19 CongresionaResearch Service (2019). Defining Hemp: A fact sheet. https://crsreports.congress.gov



natural fibres: bast fibres (fibrous form) and woody core fibers, called hurds or shives (i.e.
xylem) and consists of about 20-40% of bast fibres and 60-80% of hurds or shives.?? The
hemp fibres are situated in the bast of the hemp plant (Figure 2). The separation of the
bast fibre is carried out through defiberization or decortication i.e. breaking the woody core
of the stems into short pieces and separation of bast fiber from the hurds using specialized
machinery. The byproduct of the hemp stem obtained after the industrial defiberization
process is called chenevotte (constituted from the xylem tissue of the stem, i.e. the
shives).?t

El’l'dt‘m,s
Cortex
Bagy
= Ca'"billm
100 pm
Middle lamella
Primary wall
Lumen
Secondary wall
Secondary fiber
10 pm

Primary fiber

Figure 2. A transverse section of industrial hemp stem showing the structural organization
of a bast strip and single fibre (e.g., primary- and secondary fibres) in the bast layer. The
xylem tissue of the stem is also known as the shives a byproduct from hemp fibre
processing.’

The main chemical components of hemp fibre cell walls are cellulose, hemicelluloses, lignin
and pectin and the fibres are bound together by pectin and lignin-rich middle lamella.?? The
chemical composition of industrial hemp plant includes over 75% of cellulose, more than
10% of hemicellulose, and less than 10 —12% lignin. The bast fibres contain higher
amounts of cellulose than the hurds ca. 45% (Table 1)%.

Table 1. Chemical composition of industrial hemp fibres

Hemp Components Blast Fibres Hurds or Shives
Cellulose 57-77% 40-48 %
Hemicellulose 9-14 % 18-24%
Lignin 5-9% 21 —-24%

20 stevulova Net. al.(2014) Properties and characterization of chemically modified hemp hurds. Materials 78130

21 Nadia MorinCrini, et al(2018) Hempased méerials for metal removalGreen Adsorbents for Pollutant Removal, 19, Springer Nature,
pp.1-34.

221 ju M, Ale MT, et. af2015) Effect of harvest time and field retting duration on the chemical composition, morphology and mechanical
properties of hemp fibers. Ind Crop Prod 6339

23 placet V, Day A, Beaugrand J (2017) The influence of unintended field retting on theqtteysical and mechanical properties of
industrial hemp bast fibres. J Mater Sci 52:5¢%877



Industrial hemp seldom requires the use of plant protection and fertilization as it is readily
adaptable to all types of soil and temperate climates such as in Europe, hemp is
appreciated by organic growers not only for its ease of production but also for its rapid
growth i.e. 120-150 days cropping cycle. Fibre hemp may vield up to 25 t above-ground dry
matter per ha (i.e. 20 t stem dry matter per ha) which may contain maximum 12 t/ha of
cellulose, depending on the genetics (e.g. varieties), cultivation practices, climate and
environmental conditions.®

2.1 Cannabis morphological attributes

Medical cannabis (i.e. marijuana) and industrial hemp and are both varieties of cannabhis,
however, they have been cultured for distinct uses and can be distinguished by their
chemical and genetic compositions (Figure 3).° The term industrial hemp dates back to the
1960s and generally refers to cannabis varieties that are grown primarily as an agricultural
crop, such as seeds and fibre and byproducts such as oil, seed cake, and hurds.?” Hemp is
generally characterized by plants that are low in delta-9 THC, the dominant psychotropic
compound in Cannabis sativa. Industrial hemp generally has high levels of CBD, the primary
non-psychotropic compound in Cannabis sativa.?® Genomic research in Canada supports the
notion that over thousands of years of cultivation, cannabis farmers have selectively bred
Cannabis sativa into two distinct strains—one for fibre and seed, and one for medicine.??
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Figure 3. The crucial distinction between medical cannabis and industrial hemp in terms of
THH content, growth cycle, physical characteristics, and regulatory acceptance.®

It appears that the distinct differences of industrial hemp and medical cannabis (i.e.
marijuana) are distinguished by the psychotropic compound it contains. The physiological
differences between hemp and marijuana generally include plant height (i.e. industrial
hemp is often encouraged to grow tall, however medical cannabis is cultivated to grow
short and tightly clustered). The cultivation techniques also differ where the industrial
hemp is often grown as a single main stalk with few leaves and branches, whereas medical
cannabis is encouraged to become bushy with many leaves and branches to promote
flowers and buds. The planting density for industrial hemp is often densely planted to
discourage branching and flowering, however, the medical cannabis plants are well-spaced
for the branch to flourish.
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Figure 4. Primary varieties of cannabis notably Sativa and Indica, both of which have unique
benefits. Indica and Sativa plants differ in appearance and growth, as well as in their
medicinal properties.’!

Cannahis as a species of flowering herb is split into three subspecies namely Indica, Sativa,
and Ruderalis. Ruderalis plants lack potency and are generally small and yield thus being
avoided by breeders and cultivators; hence the focus of the medical cannabis community is
on Indica and Sativa strains. Indica and Sativa plants differ in their appearance. Indica
plants are short and stocky, featuring leaves that are broad and chunky and contain a high
THC level. Sativa plants tend to be taller and skinnier and may even be lanky in appearance,
with leaves that are thin and pointed and contain high CBD level (Figure 4).

30 Hemp vs. MarijuanaA beginners guide.
31 Rossi, J. (2019) Indica vs. Sathich Cannabis to Use for Which Purpose?
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2.2 Commercially interesting cannabis applications

The residues generated from medical cannabis cultivation and manufacturing may include
stems and branches. Though the length of the stem of medical cannabis cultivars is shorter
compared to industrial hemp, it is notewaorthy to point out that medical cannabis plant
stem and branches may possess the same structural component i.e. fibres and shives.
Hence, the applications proposed for industrial hemp can also be relevant for medical
cannabis notably for the residual biomass from cultivation and manufacturing. Industrial
hemp fibres have some of the best mechanical properties of all-natural fibres. They are
mainly used for speciality pulp & paper, insulation material and for bio-composites in
automaotive applications. Before the rediscovery of industrial hemp in Europe in the 1990s,
industrial hemp fibres were mainly (> 95%) used for speciality pulp & paper.

However, in 2014, hemp pulp & paper supplied mainly by French producers is still the most
important market for European hemp fibres with a market share of 55%. Currently, the
insulation material is the second most important application for hemp fibres. Insulation
material accounts for 26% of the applications or if you take out pulp & paper nearly 60%.
Together with other non-woven applications group is 30%, including mulch fleeces which
are used in gardens and agriculture, and mats for farrowing pigs. Bio-composites account
for 15% of the applications, without pulp & paper 33%. The only established bio-composite
market is press (or compression) moulding in automotive interior applications with a share
of 86% of all biocomposites. This corresponds to more than 3,700 tonnes of hemp fibre or
about 7,500 tonnes of biocomposites (natural fibre content varies between 30 and 70%).
Automotive biocomposites for interior applications are still a growing market and are used
for door panels/inserts, trunk liners, spare wheel covers, parcel trays, and headliners.?

The current most important market for hemp shivs is the high-performance bedding
material for horses and other animals like chickens. Hemp shivs can absorb moisture up to
4 times their dry weight. The total Hemp shiv applications equine bedding has a market
share of 45% and other bedding 17%. An interesting new and increasing market is using
hemp shivs in combination with lime for construction. The market share for shivs is
currently 15%. Over the last few years, hundreds of private houses have been built in
France, the UK and Ireland with this new material, which can be sprayed into a timber
frame construction. The material is easy to handle, price competitive shows good insulation
properties for construction material and it appears to be crack-proof, a good attribute for
earthguake risk areas. Eco-construction experts especially are seeing great potential in
HempLime-Construction. Small amounts also go to the particle-board industry. Hemp shivs
can be used to produce lightweight particle boards.™

The various applications of hemp plant shown in Figure 5 where each part of this plant can
be applied in a specific industrial field. The seeds can be used in the food, feed, and
cosmetical field while the stem, it is possible to obtain both shives and fibre, useful for the
animal, building, paper and textile applications. The hemp root system is highly developed
in comparison to other herbaceous plants, and this feature is suitable for the
phytoremediation of soil from heavy metals. Both industrial hemp and medical cannabis
cultivars where the flowers and buds are used to obtain products of cosmetic and
pharmaceutical interest, such as essential oils containing delta-9-tetrahydrocannabinol
(THO) and cannabidiol (CBD) extracts.??

32201405 European Industrial HemBulp & Paper, Insulation, Biocomposites & Construction, Food & Feed and Pharmaceuticals

33 Farinon, B. et. al. (2020). The Seed of Industrial Hemp (Cannabis sativa L.): NutniEditab@Qd Potential Functionality for Human
Health and NutritionMDPI Nutrients, 12(7), p.193Bttps://doi.org/10.3390/nu12071935
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Figure 5. The different parts of Cannabis cultivar outlining the numerous applications and
opportunities for various industries notably automotive, construction, and pharmaceutical.

2.2.1 Cannabinoids and its beneficial therapeutic application

Cannabinoids represent the most studied group of compounds, mainly due to their wide
range of pharmaceutical effects in humans, including psychotropic activities. Cannabinoids
represent a group of C21 or C22 (for the carboxylated forms) and more than 90 different
cannabinoids have been reported in the literature, although some of these are breakdown
products and they are generally classified into 10 subclasses. The predominant compounds
are THCA, CBDA and cannabinolic acid (CBNA), followed by cannabigerolic acid (CBGA),
cannabichromenic acid (CBCA) and cannabinodiolic acid (CBNDA). THCA is the major
cannabinaid in the drug-type cannabis, while CBDA predominates in fibre-type industrial
hemp. Cannabinoids accumulate in the secretory cavity of the glandular trichomes, which
largely occur in female flowers and most aerial parts of the plants. They have also been
detected in low quantity in other parts of the plants including the seeds, roots, and the



pollen, in an extent depending on the drug- or fibre-type of cannabis (Figure 6).> Higher
THC concentrations are found on the outside surface of the seed coat, possibly as the
result of contamination with plant leaves or flowers. Cannabinoids in the leaves have been
shown to decrease with the age and along the stem axis, with the highest levels observed
in the leaves of the uppermost nodes.

The biological properties related to cannabinoids rely on their interactions with the
endocannabingid system in humans. The endocannabinoid system includes two G protein-
coupled cannabinoid receptors, CB1 and CBZ, as well as two endogenous ligands,
anandamide and Z-arachidonylglycerol. Endocannabinoids are thought to modulate or play a
regulatory role in a variety of physiological processing including appetite, pain-sensation,
mood, memory, inflammation, insulin, sensitivity and fat and energy metabolism. The
psychoactive decarboxylated form of THCA, THC, is a partial agonist of both CB1 and (B2
receptors but has a higher affinity for the (B1 receptor, which appears to mediate its
psychoactive properties. The CB1 receptors are also found in the immune cells and the
gastrointestinal, reproductive, adrenal, heart, lung and bladder tissues, where cannabinoids
can therefore also exert their activities. CBZ receptors are thought to have
immunomodulatory effects and to regulate cytokine activity.®
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roots
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Figure 6. The concentrations in cannabinoids found in different parts of the hemp plants, in
vitro hairy roots, and some commercial medicinal products.?

The cannabidiol (CBO) acts as an important entourage compound as it can reduce the side
effects of THC (Englund et al., 2012), and may thereby increase the safety of cannabis-
based extracts. It has been shown in in-vitro and animal studies that CBO possesses anti-
anxiety, anti-nausea, anti-arthritic, anti-psychotic, anti-inflammatory, and
immunomodulatory properties.?® 3 Cannabidiol (CBD) is a very promising cannabinoid as it
has also shown potential as therapeutic agents in preclinical models of central nervous
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system diseases such as epilepsy, neurodegenerative diseases, schizophrenia, multiple
sclerosis, affective disorders and the central modulation of feeding behaviour.3®
Interestingly, CBD presents also strong anti-fungal and anti-bacterial properties, and more
interestingly powerful activity against methicillin-resistant Staphylococcus aureus
(MRSA).®

2.2.1 Terpenes

Terpenes are responsible for the scent and flavor of the various cannabis strains. Terpenes
are classified in different families according to the number of repeating units of 5-carbon
building blocks (isoprene units), such as monoterpenes with 10 carbons, sesquiterpenes
with 15 carbons, and triterpenes derived from a 30-carbon skeleton. The yield and
distribution of terpenes in the plant vary according to numerous parameters, such as
processes for obtaining essential oil, environmental conditions, or maturity of the plant.
Terpenes form the largest group of phytochemicals, with more than 100 molecules
identified in the Cannabis plant.*°

Terpenes showed a wide-array of pharmacological properties, notably D-limonene which
exhibits potent anti-cancer, anxiolytic and immunostimulating properties in humans. The i -
myrcene, a terpene also found in the hop, is recognized as a potent anti-inflammatory,
analgesic, and anxiolytic component while h-Pinene is an acetylcholinesteral inhibitor,
which could counteract the memory deficits induced by THC. The Linalool, commonly found
in Lavandula angustifolia, possesses similar properties to the ones described for its
monoterpene counterparts, i.e., analgesic, anti-anxiety, anti-inflammatory, and
anticonvulsant.i -caryophyllene, a well-known active principle of black pepper and Copaiba
balsam, possesses potent anti-inflammatory and gastric cytoprotector activities.??

3. Biorefinery of medical cannabis biomass

Biorefinery is the sustainable conversion and processing of biomass into a spectrum of hio-
based products e.g. food, feed, chemicals, materials and bioenergy such as biofuels, power
and/or heat.** Biorefinery takes advantage of the various components in biomass and their
intermediates (i.e. carbohydrates, proteins, triglycerides) that can be further converted into
value-added products, therefore maximizing the value derived from the biomass
feedstock.* Biorefining of medical cannabis biomass also requires the understanding of the
existing industrial applications of another cannabis variety namely the industrial hemp
(Figure 7).

Multiple value-added products can be derived from biorefining cannabis biomass residue
from cultivation and manufacturing i.e. stem reach fibres and shivs. Cannabis (i.e. industrial
hemp) fibres and stalks are used in textiles, and pulp for paper industries, construction

38 Hill A. J., Williams C. M., Whalley B. J., Stephens G. J. @@ltdrannabinoids as novel therapeutic agents in {CNS}
disorders Pharmacol. Therapeut.3379¢97.
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applications, biocomposites, mulch and animal bedding. Hemp oil derived from the seed,
flowers, and buds have a therapeutic application, hence the medical cannabis cultivars are
suited for this purpose (Figure 7).
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- - - pulp - coffee filter
= - cordage - nonwoven - insulation - packaging - cigarette paper - animal bedding
| - bags - biocomposites - fiberboard - printing - wax paper - mulch
': - carpeting - geotextiles - biocomposites - special - composite - synthetic plastics
& - canvas paper material
= - teabags - electrical
] insulation paper
=
= - biocomposites - fiber reinforced - phytoremediation
= - fiberglass
“ - boiler fuel
| Energy and Fuel | |Agr0—chemislry
- ethanol - biofuel - bio-pesticides - drugs
- - terpenes
E
= | Functional Food | Cosmetics and Personal Others Products
=
; - salad 0il - feed for birds - proteins Care - industrial oils - solvents
§ - flour and fishes - amino acids - body-care - soap - paints - lubricants
- seed cake - beer - nutritional - shampoos - oils - varnish - coating
- beverages supplement - lotions - creams
- perfumes

Figure 7. Multiple cannabis i.e. industrial hemp applications and possible products will be
developed with biorefining technology for the cannabis plant and residue streams.®

While the interest of cannabis has been increasing in recent years, it is mostly centered on
the research and development of cultivation and processing of cannabinoids for
therapeutic and recreational application. Therefore, it is noteworthy to outline the
opportunity and possibility of the utilization of the medical cannabis cultivation and
processing residue for upcycling in a biorefinery concept. However, challenges exist
because there is only limited if there is any information concerning the biorefining of
medical cannabis beside for the medical and recreational application. On the other hand,
the Cannabis sativa (hemp variety) for industrial fibre application has already been subject
to many biorefinery studies (Figure 7) including integrated production of cellulosic
bioethanol and succinic acid.*

The most recognized biorefining processing technology for manufacturing of medical
cannabis-based products.*

9 Primary Extraction: The process of removing the desirable plant components
(cannabinoids, terpenes) via an organic solvent.

T DBegumming: a process that removes phospholipids from a primary extract using a
catalyst such as citric acid.

43 Kuglarz, Mariusz et. al. (2016) Integrated production of cellulosic bioethanol and succinic acid from industrial heiopgfimerii
coneept. In: Bioresource Technology 200. pp. 639.
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1 Centrifugal Terpene Removal: The process of separating terpenes from a primary
extract using a centrifuge device.

1 Winterization: The process of removing plant lipids from a primary hydrocarbon
extract via a secondary solvent, freezing, and filtration.

1 Absorbent/Decolonization/Carbon Scrubbing: The process of removing the dark color
and undesirable components of a primary extract via various filtration media.

1 Dewax: The process of reducing and removing plant lipids via low-temperature
single solvent isolation and filtration.

9 Vacuum Purge: The process of removing residual solvents via a low pressured low
heat oven cycling.

9 Decarboxylation: The process of removing the carbolic acid group from primary
cannabinoids via heat.

9 De-solventization: The process of removing the solvent from solute of an extract.

1 Multi-Plate Chromatography: The separation of a cannabinoid mixture by passing it
in solution or suspension or as a vapor (as in gas chromatography) through a
medium in which the components move at different rates.

9 Co-Solvent Separation: The process of isolating one or more cannabinoids via
matching various solvents to cannabinoid polarity.

9 Co-solvent Crystallization: The process of isolating cannabinoids via crystallization
by matching various solvents to cannabinoid polarity.

This section will discuss the various production technigues and where the most residue
accumulation from cannabis production, cannabinoids (i.e. CBD and THC) extraction
methodalogy as well as outline the state-of-the-art downstream unit operations for the
purification and concentration of medical cannabis oil products.

3.1 Residues from Cannabis production

The whole cannabis industry is consisting of different business models notably cultivation,
manufacturing, distribution, retail, and laboratory testing. Each of these business models
can function as a single entity or combinations in the cannabis value chain for producing
the final consumable cannabis products. In the cultivation business model, to obtained
cannabis flower or buds (i.e. the THC- and CBD-containing part of the cannabis plant),
cultivation and growing process must take place until the buds are ready for harvesting.
The manufacturing business model comes into play once the flowers or buds are harvested,
where the valuable chemical components (i.e. cannabinoids) is isolated using various
extraction technologies to produce cannabinoid i.e. THC- or CBD-containing oils. There are
several downstream technologies to employ for concentrating, purifying, and converting
cannabinoid-containing-oil from its acidic molecular form to an active molecule (i.e. CBDA
to CBD).

Concentrated and purified cannabinoid-containing oils (i.e. CBD or THC) can be infused into
a variety of consumable cannabis products which can be distributed in many existing
industries. In the medical and pharmaceutical sector, THC or CBD infused oils can be
marketed and sold as tinctures (e.g. drops). In the recreational sector (not yet legally
permitted in Denmark), isolates and purified cannabis-oil can be formulated and infused on
a variety of consumable goods including, but not limited to sodas, vape juice, hard candies,



gummies, baked and chocolate cakes, while balms and lotions are being promoted in the
cosmeceutical sector.®

Both the cultivation and manufacturing business generates an enormous amount of waste
residues. In the cultivation, the residues are generated from routine pruning, trimming,
harvest, cloning, propagation, i.e. flower, leaves, stalk or stem, root ball, failed plant,
mature clone until harvesting and curing. The minor residue will be accumulated during
packaging and handling of buds and cannabis oil products. Manufacturing of THC and CBD
containing cannabis oil also accumulates waste notably from the post-extraction of
cannabis biomass that includes buds, flowers, leaves, trims, and shake with allowable levels
of residual contaminants or with solvent residuals. In Canada, it was estimated that by
2020 there will be over 6,000 metric tonnes of cannabis waste produced per year. Solid
waste from cannabis production, using any production method, can include:*

9 Green plant material (cannabis flowers, trim, leaves, stalks, and roots);

1 Growing media (cocoa, peat, rock wool):;

1 Growing supplies (plastics associated with potting, propagation, and other typical
Crop production supplies and their associated packaging); and

1 Chemical containers associated with pesticides and/or cleaning agents.

Growing media is typically used for only one growing cycle and can therefore generate a
significant amount of waste. Rockwool is not compostable, therefore if the growing media
contains rock wool, the rootballs will be surrounded by it and will not be able to be
composted. For this reason, some growers avoid using rockwoal.

In pursuant to section 9, subsection 9, § 10 and § 63, subsection 2 of Act no. 1668 of 26
December 2017 on the pilot scheme with medical cannabis in Denmark stipulates that raw
materials (i.e. buds) that are not used in the manufacture of cannabis intermediates must
be destroyed unless the Danish Medical Agency (i.e. Leegemiddelstyrelsen) permits
something else.?” The current cannabis regulation in Denmark does not stipulate on what
type of technology a company must carried-out for destroying unused cannabis materials.
Nonetheless, it requires a special area intended for the destruction of unused cannabis
materials. One issue of concern regarding cannabis waste is whether THC may enter the
environment upon solid waste disposal. The range of THC content of various cannabis plant
parts (dry weight) are;*®

1 10-24% in flowers

T 1-2% in leaves

T 0.1-0.3% in stalks

T < 0.03% in the roots.

The cannabis company has the liberty of choosing cannabis waste management strategy
that is compliant to the regulatory guidelines. Whether the unused cannabis raw materials
also include cultivation and processing residue, this current regulation allows exploring new
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technology and ways on how to manage cannabis residues before the destruction of the
biomass (Figure 8).

Cannabis production

Cultivation Extraction

=
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Figure 8. Multiple wastes are generated by cannabis production and processing

Tons of potential contaminants found in cannabhis residue streams instituted during
cultivation and processing activities such as pest control, fertilization, volatile extraction,
and downstream purifications. Cannabis companies are expected to conduct standard waste
management operation protocols and methods of analytical waste stream testing to
properly characterize their waste. None or only limited studies only been done into the
environmental impact of cannabis residues and their chemical constituents. For instance,
Nno published research on the effect of cannabinoids (i.e. THC or CBD) if it leaches into our
sewage system or runoff into a water basin, lakes, and beaches. Therefore, cannabis
residues streams must be handled in a manner that is sustainable, compliant, and
environmentally friendly. Establishing a well-defined waste management scheme and
implementing new technology that adds value for cannabis residue streams, businesses can
concentrate on product development and marketing strategy while remaining in full
compliance. Every part of the cannabis plant whether it comes from cultivation or
processing, they eventually turn into waste. Thus, the most challenging aspect for cannabis
businesses is to make sure that proper waste management is enforced.

Cannabis cultivators indicated that there is a large amount of growing media waste (i.e.
COCoa, peat, and perlite) generated over the cannabis crop cycle. Certain cultivation sites
will also use a plug transplant made from rockwool, which is not fully biodegradable. But
most of the spent growing media is compostable. A range of production styles exists, and
producers may use anywhere from 5 L to 40 L of growing media per plant per cycle. For
these calculation estimates, an average of 15 L per plant is used. The following calculation



iS provided as an example to indicate realistic numbers associated with cannabis growing
media production:®

T Facility size: 10,000 m? (1 hectare)

M Number of plants; 15,000 total or about 1.5 plants per m?

9 Number of crop rotations: 3 per year (4-month growing cycle)

1 Growing media: 15 L per plant x 15,000 plants x 3 plant cycles per year = 675,000 L =
675 m?

Common growing media mixes have a dry bulk density of 750 kg/m?3, but it becomes
saturated at the end of a growth cycle, which may have a bulk density of up to 1,000
kg/m?3. Therefore, an annual mass of growing media waste may range from 506 to 675 tons.

On the other hand, plant residues (stems, trimmings) weigh an average of 0.2 kg and yield
an average of 1.75 L of green waste per plant or 114 kg/m? bulk density. At 1-hectare site
with 15,000 plants, as described above: 1.75 L per plant x 15,000 plants x 3 plant cycles per
year = /8,750 L per year or 79 m? per year. Therefore 79 m? of plants would be the
equivalent of 5,586 kg per year or 5.5 tons of green waste

3.1.1 Pruning and cuttings

Defoliation or pruning is a gardening technique that is routinely performed during cannabis
cultivation (i.e. vegetative growth stage) which allows growers to selectively remove
unwanted tissue to direct the growth of the plant into developing huge, beautiful cannabis
buds. It removes plant tissue that is damaged and unproductive as well as increases airflow
and light exposure minimizes the potential for microbial growth and diseases (Figure 9).
Thus, a very essential activity that all cannabis growers must carried-out whether it is an
indoor or outdoor cultivated cannabis plant. Technically, it is the cutting off small parts of
the cannabis plants in specific time to redirect its energy on nourishing and strengthening
the remaining leaves, shoots, and developing quality flowers and buds. Nevertheless,
unnecessary pruning can be damaging to the overall wellbeing and development of the
cannabis plant. Pruning at the wrong time of the growing cycle or excessive and erroneous
pruning of the essential stems and shoots can weaken the plant through stress and inflict
damage and subsequently reduce the yield.

49 Ahearn, T. and P. Larouche. 20C8mposting in the Cannabis IndustBrome Compost.
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Figure 9. Pruning encourages the plant’s healthy growth by enabling the plant to focus its
energy on developing quality buds. It also promotes greater airflow and light exposure,
fostering a more vibrant plant, and forming denser, more cannahinoid-rich buds. Photo:
Gina Coleman/Weedmaps

The accumulation of plant residues (i.e. leaves and shoots) from pruning and cuttings takes
place during the vegetative phase where the cannabis plant is approximately 30 cm tall
(auto-flower). Pruning and cutting parts of the cannabis plant can be carried out in multiple
sessions before the flowering stage, thus plant cuttings or residues are also being
accumulated throughout the cannabis vegetative stage. To our knowledge, no study or
public report that provide an estimated guantity on how much residue is being collected
during defoliation, pruning, and cutting. Nevertheless, many cultivators adopted a rule of
thumb requiring that never remove any more than one-third of the vegetative parts of the
plant in any single pruning session to avoid putting the plant into shock or under stress.
Pruning residues might consist of large fan leaves that are pointed toward the interior of
the canopy and leaves that are covering multiple flowering sites. This is necessary to avoid
shading, so part of the plant that is going to grow are the ones that receive direct light.
Severe pruning or taking out more than a third of the vegetative parts of the cannabis
plant is detrimental to the wellbeing of the plant especially after it has completely passed
itS vepetative stage because it will not re-generate those vegetative parts again.

It is challenging to establish how much and what plant residues were accumulated for the
entire pruning session unless proper recording of the guantity (kg wet basis), separation
and identification of the part of the plant being pruned is carried out and maintained
meticulously. Another factor that hinders our understanding of the extent of the plant
residue being collected in pruning sessions is probably due to many cannabis cultivation
strategies implemented by different growers. A cultivator might choose to grow cannabis
from a mother plant or directly from seed. These cultivation strategies require different
pruning and cutting regimes, for instance growing with auto-flower seed needs successive
pruning until maturity and before flowering. On the other hand, cuttings from the mother
plant can be used as seeding and maybe only a few of these cuttings will turn into waste.
Nonetheless, it is crucial to determine the guantity and identity of the cuttings being
accumulated to established proper documentation which is a prerequisite in the setting-up



legal medical cannabis business in Denmark. This will also allow the development of
technology necessary to effectively valorized the cannabis cutting residues and determine
its valuable components for upcycling.

3.1.2 Harvesting, buds' isolations, and trimming

The flowering stage would take at least eight weeks for indoor cannabis plants, but it takes
longer for outdoor cultivated cannabis plants to be ready for harvest. Harvesting of
cannabis buds from the whole plant and post-harvest activities notably trimming, drying,
and curing is accounted for the highest accumulation of residual plant biomass. About 80%
of the original cannabis plant material is removed by the time all the harvest and post-
harvest activities are done.”® During harvest activity, trained harvesters will start cutting
and removing the unwanted section of the plant (a.k.a. green waste), and that includes the
whole stem, leaves, and branches, and ultimately, all that is left are the flower buds. Thus,
the need to properly account for residual plant biomass is crucial to remain compliant with
the regulations so they can monitor what is being classified as waste.

Harvesting and post-harvest techniques vary among cultivators, however certain similar
steps that every cannabis cultivator should adhere during the harvest process. These steps
include removal of the large fan leaves, trimming or removing the remaining leaves near
the flowers, and removing the flowers themselves from the stems. Aside from these three
steps, which address the physical removal of portions of the plant, other crucial stages of
the harvest process include the drying, sorting, and curing of the cannabis flowers.
Depending on how large the cultivation area and guantity of plants, harvesting cannabis
plants can De a very labor-intensive and time-consuming process. Thus, has many cannabis
producers employ computerized and automation devices, which can improve harvest
efficiency and lessen some of the labor associated with the harvest.

After the end of the flowering stage, cultivators or growers must check thoroughly and
decide that the cannabis plants are ready for harvest. The first residue accumulation in the
harvest process is when starting to remove the large fan leaves. The large fan, or sun,
leaves are easily identifiable as the stereotypical cannabis leaf. These leaves can be plucked
by hand, cut with scissors, or removed with a device, such as a hand-held hedge trimmer
(Figure 10). The large fan leaves do not contain a high guantity of cannabinoids (i.e. THC or
CBD) unlike the leaves closer to the flowers or the flowers and buds themselves. Many
growers simply dispose of these residues for destruction with upcycling to valorize for
high-value products. Once the fan leaves are removed, a cannabis grower has two choices:
to trim the remaining leaf material while the plant is wet (wet trimming) or to begin the
drying process and remave the remaining leaf material by hand or with an automated trim
machine after the plant has dried.?

Sorting cannabhis flowers is also a crucial step in maximizing the efficiency of the harvest
process, however, plant residues, as well as rejected cannabis flowers in the sorting
process, are accumulated. But the rejected flower due to size and appearance can be
utilized as input material in the manufacturing of cannabis oil. Separating the dried
cannabis flowers into different sizes allows the cultivator to further process the flowers
more effectively and efficiently. Processing the same size flower material in an automatic
trimming machine can have a dramatic impact over the entire harvest process, especially
for large scale operations resulting in more effective sorting and trimming. Once the
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https://growersnetwork.org/courses/professional-cannabis-harvest/lessons/harvest/
https://www.maximumyield.com/a-step-by-step-guide-to-cannabis-harvest-processing/2/3963

cannabis flowers are sorted, they can be further processed in a trim machine or other
processing device depending on size. Sorting can also be done after the trimming process is
complete. Sorting the trimmed flowers by size can make them more marketable.?

Figure 10. Harvest and pos -
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