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ii. Abstract

The recent fascination  with industrial hemp (Cannabis Sativa L. ) is due to the effects of
climate change and the nee d to redefine industries to manufacture sustainable and
environmentally friendly products. The research investigates the enquiry into hempasa n
industrial crop for the processing into energy efficient products . It further exami nes the
notion of hempds applicable anatomical structu
products, hemp hurd and fibre as a building material, hemp fibres for bioplastic, hemp

biomass and seeds for biofuel and hemp fibres for textiles.

A provincial analysis of the Eastern Cape revealed the socio-economic opportunities,
agricultural potential and biophysical climatic condit ions pertaining to the successful
cultivation of hemp . The findings from the literature review detail the appropriateness of

hemp in the South  African agricultural and industrial sector. The results of the energy
efficient applications section critically e xamines the versatility and performance of
hempcrete, biocomposites, biofuel and textiles in a sustainability paradigm. The findings
from the semi -structured, open -ended interviews through online meeting software

platforms advances the understanding of  the viability of industrial hemp agriculture

The research finds that the hemp industry could play an important role to develop energy
efficient products whilst ~ addressing agro -rural socio -economic opportunities in the Eastern

Cape.
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vil. List of definitions

Agro-ecological: The communities living within an agriculturally active region which solely

rely upon employment opportunities from agriculture and its ancillary uses.

Anemophilous: Wind -pollinated.

Cannabinoids:  These are phytocannabinoids indigenous to hemp and marijuana with

scientific enquiries proving the medical applicability o f specific cannabinoid treatment to
combat various diseases and syndromes.

Cannabis : This terms will be used to describe both marijuana (recreational) and hemp
(industrial). The taxonomic classification of the genus Cannabis Sativa L . will be used to
describe cannabis sativa strains primarily for industrial uses. The etymology of t he Latin
name Cannabis isderived fr om t he Gr eek amdthedLathlansiaticen foite d
word O6sativad means cultivated wWamabis@osmInGaadabi s
Dioecious: In this context, it is a plant species containing separate male and female
reproductive organs in individual plants

Genotype: The genetic code which gives expression for the phenotypic structure (some
phenotypical structures can be influence d by environmental circumstances).

Hemp: Refers to the non -psychoactive plant within the Cannabaceae family. Industrial
hemp contains less than 0.3% Tetrahydrocannabinol (THC) (this amount varies depending

on ruling legislation in the country) and is cult ivated for its high fibre content, building
potential, nutritional value, medicinal value, energy potential, agro -ecological significance
and climate combating effects

Hemp retting:  the use of moisture to generate a microbial interaction to separate the b ast

fibre from the inner woody core of hemp for different industrial applications.

Marijuana : a psychoactive inducing plant with a higher proportion of THC used for
recreational purposes whilst contributing towards medicinal research

Phenotype: In relati on to hemp, it defines the observable traits of the morphological
structure in terms of colour, height, flower size and leaf sizes

Phyto/bioremediation: the planting of specific flora in an environment to accumulate

pollutants, heavy metals, contaminates a nd other toxins via interactions and uptake of
water from the soil.
Terpene : Terpenophenolic compounds which are categorically identified for their aromatic

fragrance yet have subst antial medical and agro -ecological interest.
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VIII. Abbreviations/Acronyms

BCE: Before Common Era

CBD: Cannabidiol

DALRDD: Department of Agriculture, Land Reform and Rural Development
DEA: De partment of Environmental Affairs

ECRDA: Eastern Cape Rural Development Agency

ECHPPI: Eastern Cape Hemp Pilot Project Initiative ()

NDP: National Development Plan

SDG Sustainable Development Goal

THC: Tetrahydrocannabidiol
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1. Cannabis In context

The increase in global climatic temperatures is mostly caused by anthropogenic induced

climate warming (DEA, 2017.) This is due to the increasing rate of greenhouse gas
emissions , an intensive use of resources and as aresult, large scale biodiversity loss (DEA,
2016) . In order to combat these negative effects, innovative systems of industrial production

must adopt enviro nmentally friendly  and resilient processes. The commercial cultivation of

industrial  hemp (Cannabis Sativa L.) is proving to be a versatile and multi -beneficial
product for the energy, construction , bioplastic, textile and other industries ( Karche and
Sing h, 2019) .

Hemp is a multi -purpose crop which is  easy to grow, has a high seed yield, mechanically

strong fibre properties and medicinal  value .

The cultivation of industrial hemp and the production of hemp -based products may provide
an ecologically sustain able and economically viable opportunity for agro -rural economies in
the Eastern Cape. The need to integrate sustainable farming me thods, such as agroforestry,

permaculture, regenerative and restorative agriculture, indorm ant farms and unproductive
land will bolster the green economy 2 and increase the value -added supply chain of the
proposed hemp industry. Hemp -based biocomposites can provide climate  -friendly
alternatives for energy intensive products. By facilitating growth strategies for small -holder
farms, the cannabis plant and its multiple benefits can be a keystone project for South
Africa's third dec ade of the twentieth century. The research hopes to uncover this paradigm

of the hemp industry. The focus of the study is to ascertain whether hemp farm ing is a
sustainable socio -economic asset for rural space economies in the Eastern Cape, whilst
discerning whether it is a financially viable biocomposite material for production in South
Africa. Furthermore, the research explore s the variety of applicable uses, such as hemp as
a building material, hemp  -based biopolymer structures, hemp as source of bioenergy and

hemp textiles that relate to energy efficiency and sustainability within South Africa.

1.1. The Cannabis Commaodity

The current global socio -political climate surrounding hemp is evolving to utilise the
beneficial aspects of Cannabis in a commercial paradigm. This perspective allows for the
use of hemp in medicine, food, construction, textiles, paper, bioplastics and the energy

sector. The cannabis sati va plant has three sub -types: sativa, indica and ruderlis

2The Green Economy describes resource efficient, less carbon intensive and socially inclusive systemstioihpaodu
transaction.
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(Baldini, Ferfuia, Zuliani and Danuso, 2019) . For the consideration of this paper,
cannabis will refer to Cannabis S ativa L. & otherwise known as industrial hemp.
Industrial hemp is considered an al ternat ive natural biocom posite commodity due to its
environmental benefits, economic potential and energy saving product development

potential.

Cannabis Sativa L. comprises of less than 0.3% 3 delta 9 -tetrahydrocannabinol (THC)

which is the psychoactive in gredient in marijuana  global discussions taking place

regarding the required amount of THC allowed in hemp (Karche and Singh, 2019). This
implies that industrial hemp is a non -psychoactive inducing plant, cultivated for its high
fibre content, nutritional value, medicinal value, energy potential, agro -ecological

significance and climate combating effects.

The hemp industry in South Africa has the potential to create a localized value -added
supply chain (Ingrao, Giudice, Bacenetti, Tricase, Dotelli, Fiala, Siracusa and Mbohwa,
2015). According to Fike (2016), the environmental and socio -economic benefits boost

the green economy whilst implementing climate combating techniques in many

industries. These avenues are explored and reviewed in the research report

The recent fascination with  Cannabis is due to the versatile and dynamic uses it offers

It can be used as medicine, food, paper, textiles, bioplastic, cosmetics, biomass, building

materials, animal feedstock and much more (Thayer, Burley and Held, 2017) (Karche
and Singh, 2019). South Africa recently promulgated the commercial use of cannabis
cultivation in February 2020 (GSA, 2020). This will ¢ reate opportunities for nation  -wide

commercial -scale farming with a mutual increase in the value  -added supply ch ain and
government revenue. The following research paper will attempt to extrapolate a South
African perspective on the viability of hemp agriculture as a potential sustainable
substitute material for resource intensive industries. Furthermore uncovering a n energy
perspective on the manufa cturing of hemp based products w  hilst explicating t he
intersection of the hemp industry with the socio -economic opportunit ies for agro-rural

space economies in the Eastern Cape.

1.2. Problem statement and rationale:

The infl uence for this study is  because of the negative impact of climate change and the
correlating effects in rural areas in South Africa . The negative effects associated with ¢ limate
change, such as drought, food security and health risks, force the human civil isation to

adapt and create new systems of production which operate in light of the ir environmental

3 At the time ofwriting, globalconversations are changing the amount of THC allowed in hemp plants as 0.3% is seen as an
arbitrary value.
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and socio -economic impact . Associated climate risks are more harmful t o those in
vulnerable positions  (Gray,Clarke and Trigiano, 2016). Therefore, the purpo se of this
research paper is to look at the  hemp industry holistically in terms of its environmental :
industrial and socio -economic sustainability in agro  -rural space economies in the Eastern

Cape.

The increasing carbon footprint  of resource intensive ind  ustries can be minimized witheco -
friendly competitors , such as hemp -based products. Therefore the purpose of this research
paper is to discuss h emp cultivation as a versatile material for construction, biofuel and
bioplastic composites  whilst acknowledgin g this untapped resource may prove to be a
sustainable economic asset for rural spaces in the Eastern Cape (Novakova, 2018) (Karche
and Singh, 2019).  The decreasing costs of production and environmental benefits of hemp -

based materials provides a new econ  omic and ecologica | opportunity for South Africa.

1.3. Research aims:

The research will explore the potential impact of hemp cultivation in terms of environmental
characteristics, energy use and socio -economic sustainability in the production of

alternative b iocomposite products in the Eastern Cape.
The objectives are:

1 To analys e the hemp industry in South Africa, primarily focusing on the cultivation
of industrial hemp , by first understanding the history of hemp domestication.
Furthermore, it  will frame the governmentdés role in climate

through an integrated and inter ~ -sectoral hemp industry.

1 To discuss the anatomical and biochemical composition of industrial hemp
(Cannabis Sativa L.) interms of its environmental significance:
Reveal the ch emical composition of the plant.
Reveal the agro-ecological interactions of hemp farming.
Detail what the environmental impact is , of cultivating hemp for industrial

purposes.

1 Uncover the commercial viability  of the alternative hemp industry, the socio -
economic potential, the environmental impact in terms of resource consumption and
the use of biotechnology in the production stage:
The study will uncover the resource (water, land, energy) consumption levels

for various product s.
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Discuss the potential of v arious products in the market. This will explain what
the economic potential is, of the product, thereby indicating its viability in the
South African market.

Indicate the performance of various products in application.

1 Explore the socio-economic opportun ities for the alternative hemp industry in the
Eastern Cape:
The environmental and socio -

economic conditions of the

environment

various  agriculturally  viable
spaces for hemp cultivation.

Identify needs and challenges in
agro-rural economies in the
Eastern Cape.

Describe how localized systems of

hemp  production facilita tes

sustainable  development in
communities. Figue 1:The potential impact of the hemp industry

1.4. Research questions and sub -questions

How can the hemp industry contribute to the sustainable production of viable hemp -based
products and contribute towards the socio -economic sustainability of agro-rural space

economies in the Eastern Cape?

1 What are the factors of hemp cultivation that exhibit resilient and sustainable

characteristics?

What is the economic viability of the alternative hemp industry ?

To what extent can industrial hemp cultivation, production, manufacturing, and

distribution  contribute towards the socio -economic opportunities in the Eastern Cape?
How can the alternative hemp industry foster sustainable socio -economic
objectives for agro -rural s paces in the Eastern Cape?
What i s the groleiethen @amabi Industry?
How can the alternative hemp industry align with government objectives
towards achieving sustainable development goals?
Which alternate applications for hemp would be the m ost viable in South
Africa, and more specifically, the Eastern Cape?

1 What are the limitations of hemp cultivation?

15



1.5. Research Methods

The qualitative study and  research methods used will incorporate an exploratory case study

of the Eastern Cape conducting a critical literature review  academic and grey literature . The
academic literature will consist of peer -reviewed scientific journal articles and published
books whereas the grey literature will primarily be supportive anecdotal information from

relative ne ws platforms and trending information about the industry. The sampling
methods wused purposive sampling  for key members to interview based on expertise
relevance towards answering the answering the research question and exposure in the

cannabis industry.

The study will use climatic and spatial socio-economic development indicators to assess the
challenges of agro -rural communities  in the Eastern Cape. For the purposes of this research
paper, the following was utilised :
1 Data analysis:
- EasyData by Quantec : acquiring a spatial socio -economic profile of local
municipalities in the Eastern Cape.
- South Africa R isk and Vulnerability A tlas
- Agricultural Research C  ouncil institute for Soil, Climate and Water.
1 Qualitative interviews (with p  reventative measures for COVID -19 regulations):
- Foresty South Africa, Fields of Green for All, Agr8, Cheeba Africa, Licensed Cannabis
Farmer, leading apiarist, African Cannabis Advisory, Eastern Cape Professional
Cannabis and Hemp Consortium, Canadian Industrial Hemp Corpora tion, Cannabis
Industry Development Cooperative Western Cape and Crafted Hemp Farms.
Online semi -structured interviews  with selected participants  (Zoom§ Microsoft teams §
phone calls ). This method of interviews was used in order not to circumscribe the
interviewee.
- Field research of current hemp  -based product development projects in the Eastern

Cape.

A study on the current hemp development projects in the Eastern Cape will allow for the

research to be set in a geographical location. The ethical consid erations ensure that any
companiesd® production methods or pr odu Eurtheonore,c o st
the information from the conversation is used to address the aim and research questions

of the report.
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1.6. Limitation s of research:

A limitation regarding the data from the Eastern Cape came in the form of conflicting
numbers stating that there were more people employed than the population in a specific

district. Furthermore, the specific fields of data regarding some local municipalities were
non -existent. Therefore, the most relevant demographic data was used in order to address

the aims of the research

The current socio -political and scientific inquiry in Cannabis Sativa L. is evolving. It is a
relatively new plant under research and developmen t. Therefore the research report used
applicable information in the current field of inquiry about hemp. The limitations of the

COVID -19 pandemic inhibited field visits within enough time to integrated findings. In order

to address these limitations, the r ~ esearch made use of a desktop analysis with interviews

aimed to deepen the inquiry into the topic.

1.7. Outline of research report

Chapter One: Explains the research aim and objectives whilst framing the hemp industry
and its potential. The chapter further exp lains the reason for choosing the topic.
Chapter Two: This chapter serves as the literature review starting with understanding hemp

from a broad perspective, until narrowed into the focus of the intersection of hemp
agriculture with agro -rural socio -economic opportunities in the Eastern Cape. To this
extent, the chapter briefly unpacks the history ofhemp with Homo sapiens in orderto create
an awareness of the significance to the reader . The report then uncovers the basic cell ular
composition of the plan t identifying the health benefits and the significance of hemp as a
plant for industrial uses . The current global situation of hemp is discussed whilst focusing
on the value of implementing hemp as an agricultural commodity in Africa. This aims to
explain why hempisin a pioneerin g position in terms of economic  growth, social equity and

sustainability in South Africa and the Eastern Cape

Chapter Three : A provincial data analysis on the demographic and biophysical indicators of

the Eastern Cape. It uncove rs the socio-economic structural challenges facing the province
whilst explicating a regional agricultural analysis. This chapter helps to orientate the reader
aboutthe Eastern Cape and the potential of the hemp industry to impact and address these

challe nges.

Chapter Four: The analysis of the four hemp -based products chosen for this research

report. It helps define the energy efficien cy of hemp -based products and the contemporary

need for he mp-based products in the green economy.
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Chapter Five: The results chapter integrates the researcher

literature findings whilst collating and discerning the relevance betweenthe r espondent
data and the literature.  The chapter addresses the possibilities regarding the viability of
hemp to deve lop energy efficient products whilst addressing agro-rural socio-economic

opportunities  in the Eastern Cape.

Chapter Six: The concluding chapter provides a summary of the research and postulates
avenues for further investigation and recommendation s for th e Eastern Cape.

18



2. Literature Review: The Alternate Hemp Industry in
South Africa

The following literature review will unpack a brief analysis of the history of hemp cultivation in the

Neolithic era. The evidence will encompass the socio -cultural and geo -political significance of this
plant. The next section will develop the anatomical and biochemical framework of industrial grade

hemp. This section will explicate the medical and industrial importance of breeding and harvesting

hemp for multiple purposes. Following this reading, a section on the agro -ecological and
environmental perspective will collate the importance of industrial hemp for agricultural
ecosystems and crop development.  The next section creates the platform as to why industrial hemp

is importa nt for Africa and what the positionality of this agro -industrial crop is in terms of its
economic, technological, cultural and political perspective. Concluding with the integration of a

policy and strategy governmental outlook of the Eastern Cape. This id entifies the agricultural

potential and provincial perspectiv e of industrial grade hemp in the Eastern Cape.

These sections are circumscribed within a socio -economic and environmental paradigm and

therefore do not have an extensive scientific analysis.

2.1. Hemp and Homo sapiens

Cannabis and Homo sapiens share an interwoven story of co -evolution, spanning
thousands of years. Cannabis first originated in northern temperate climatic zones,
occurring out of Eastern Eurasia (Clarke and Merlin, 2016). Cannabis from the
Cannabaceae family is presented by Clarke and Merlin (2016), Liu, Hu, Du, Deng and Yang

(2017) and Andre, Hausman and Gurriero (2016) as one of earliest plants to be domesticated

by post -glacial -interglacial cycle civilisations 4 in the early Holocene era.

Agricultural domestication was the precursor for the modern day civilisation . The Neolithic

age beginning 12 000 years ago was coupled with the rise of animal and plant

domestication. The shift from a subsistence based, nomadic lifestyle to surplus c ommunity
crop and livestock domestication brought forth a new age for Homo sapiens and plant life
(Harari, 2014). Domestication practices are characterized by identifying ideal qualitative
morphological traits in specific plants and amplifying the producti on of that particular plant

characteristic  through artificial human selection (Clarke and Merlin, 2016). The Cannabis

plant was believed to attract the attention of early human cultivators based on the aromatic

flower and multiple uses. T he archaeological findings of hemp remnants in past human

4 Glacialinterglacial cycles occurred in the Northern hemisphere, with the most receniadjiegycle ending 1400 years ago at
the advent of the agricultural revolution.
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settlements indicates the use of hemp for applications such as rope, pottery , medicine and

other materials (Liu et al. 2017)

Based on multiple sources relating to the chronology of Cannabis domestication, Central
Asia, South -West Asia and South Asia are  the geographic origin s of Cannabis (Clarke and
Merlin, 2016)(Gray etal. 2016 )(Andre etal. 2016 )(Liu etal. 2017 ). The use of Cannabis has
been dated to 10 000 Be fore Common Era (BCE) with hemp retting 5 imprints on  a pottery
bowl in modern day Taiwan (Liu et al. 2017). Hemp, as a domesticated agricultural crop,
spread 4500 years ago throughout Central Asia and Europe (Demske, Tarasov, Leipe, Kotlia,
Joshi and Long, 2016 ) (Kuddus, Ginawi and Al  -Hazimi, 2013).

In a st udy conducted by Demske et al. (2016),

high amounts of Cannabis pollen records show
evidence of hemp retting in the foothills of the
Himalayas in 4600 BCE. The palynology
findings revealed extensive hemp retting in
Garhwal and Kumaun Himalayas , whic h are
densely forested regions. It is believed that
early trade and knowledge movement of
Cannabis to India was through the  Himalayan
trade routes (Kuddus et al. 2013) (Gray et al.

Figure 2 Ancient EgyptiatCannabisymbol dated
2016). Furthermore,  Murphy, Ben -Yehuda, 2000BCE

Taylor and Southon ( 2011) analysed eviden ce of hemp remnants in rope in Israel that was

used in Roman and Chalcolithic times . Analogous to this was the use of ~ Cannabis in Ancient

Egypt as a medicinal substance.

Clarke and Merlin (2013) identify three evolutionary landraces of Cannabis populationt ypes
based on taxonomist studies; =~ Cannabis which grows in a wild setting s, Cannabis which is
domesticated and Cannabis which escaped domestication and occurs in areas occupied or

once occupied by humans practicing flora cultivation. Clarke and Merlin (2013 ) classify
cannabis into four different physical descriptive groups; Broad leaf hemp (BLH), Narrow leaf

hemp (NLH), Broad leaflet drug (BLD) and Narrow leaflet drug (NLD). These have been such
classified into a 21 st Century Cannabis taxonomy of five distin  ct gene differentials:

1. Cannabis sativa sub species sativa (Narrow -leaf hemp)
2. Cannabis indica subspecies chinensis  (broad -leaf hemp)

3. Cannabis indica subspecies indica  (narrow -leaf drug)

5Hemp retting is a microbial process using moisture or water to decorticate hemp (remove the fibrous epidermis with the
woody, pulp core).
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4. Cannabis indica subspecies afghanic  a (broad -leaf drug)

5. Sinsemilla 6 culti vation groups (varied) (Clarke and Merlin, 2016)

Cannabis genotype expression manifests in its phenotypic characteristics. Specific

gualitative morphological traits such as; flower size, stalk height, colour and secondary

metabolites were indicators for pa st civilisations domestication practices.
Whereas quantitative traits such as yield size, became more present as domestication grew

in its dynamism. Clarke and Merlin (2016) elaborateon the relationship of cannabis diversity

with movement of agricultural co mmunities throughout history. The relationship comes to
fruition when humans settled i n 0 ncenwabi$ seeds.0Thia n d

bottlenecked diversity for cannabis strains with in a limited genome diversity.

Historically, Cannabis sativa was domesticated for its fibre, food and medicinal properties
(Fike, 2016) . Whether it was the use of the plant as an entheogen 7 or anxiolytic which led

to alternative applications , still remains unclear (Kuddus et al. 2013). It is important to
mention that th e adaptability of cannabis in diverse human settlements in different
locations displays the environmentally resilient nature of Cannabis. Historically, t he
evidence of cannabis domestication thro ughout past human civilisations indicates a
significant co-relationship of Homo sapiens and the domestication of Cannabis sativa

strains (Malmo -Levine, 2009).
2.2. Anatomical and biochemical composition of hemp :

Legal hemp cultivation in

other countries, such as HEMP MARIJUANA

Canada and France, has

allowed for a scientific %EM y(/ %&w

H]W THC (<0.3%) MIEH THC (5-35%)
new understanding as to

f?.‘i?é:”s"".h PETCHACTIE w fi’.";'!ﬁ;"s"xl‘&
why industrial hemp is .‘l

S | g n IfI cant for mu Itl p Ie fam"'ﬁ: ﬁ uns:vu :‘t::ar(:lss uzmm s ﬁ Malslrl Ecﬁn‘ululz':uzs

appllcatlons " The area Of GR:IZV?TIP]“::ELE EHDSV.;TE:;:C[[

enquiry into the biochemical

composition of industrial

NON-PSYCHOACTIVE

hemp. This has created a

interest for industrial hemp

consists of the inner woody Figure 3:The key differences between Herapd Marijuana

core (the hurd), the fiborous  epidermis (bast fibre), seeds and the plant as a whole (Prade,

5 DomesticatedCannabisvhich hasa high concentration of psychoactive agents (Clarke and Merlin, 2016).
Ld A& I adAYdZ Pyl AYyRdzZOSR SELISNASYyOS NBfIFGAYy3a G2 SdzLIK2 NA
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2011). Forthe purposes of this research paper, the medicinal and full spectrum biochemical

composition will not be examined. The medical and biochemical information surrounding

Cannabis will pertain to the significant features which are important for the health factors

and industrial applications.

Cannabis sativa L.

(Kuddus et al. 2013). The plant is a dioecious anemophilous (wind

is an annual herbaceous plant belonging the Cannabaceae family

-pollinated) herb with

aromatic properties (New Frontier Data, 2019). Industrial hemp requires sunlight, moisture

and sufficient drainage in soils (Thay

Hemp has successfully spread from Central Asia throughout the world. This postulates
hemp has resilient growing properties which allow it to

successfully integrate into new climatic zones with

different edaphic conditions. Hemp (containing

than 0.3% THC 8) provides a relatively high biomass

guantity in a shorter time period than o

lignocellulosic biomass sources. The stem of hemp

provides woody and cellulosic fibres, with the cortex

comprising of cellulose fibres (bast fibres) and the inne
woody core consisting of lignin (pulp/hurd) (Andre
al. 2016).

In terms of the heal th attributes of

examine its effect on the human anatomy.

body has an inherent system called

er etal. 2017).

that

less

ther

r

HEMP STALK
CROSS SECTION

epidermis
bast fiber
hurd

hollow core

et

Cannabis , one must

The human

the

endocannabinoid system (ECS). The ECS was recently

di

Cannabis based on the fact

t he
that the body prod

scovered in

endocannabinoids which resemble

19900s.

Th

uces

the molecular

structure of phytocannabinoids, found in hemp and

marijuana. The ECS is one of the most important

endogenous systems which help maintain t

physiological and cognitive health of the bod

he

y. The ECS

contains two nerve receptors found all over the body,

relating to the CB -1 and CB -2 receptors. The

contains inherent arachidonate  -based lipids

ECS
(fats)

Figure 4:Cross section of hemp stalk showir
anatomical composition

The endocannabinoid system
Neuron

Endocannabinoids
Anandamide, 2-AG

Synapse l ; ‘

Phytecannabinoids

Negative
THC, (8D

feedback
loop

Neuron

ne d

Figure 5:Diagram kowing the basic
neurochemical transmitters of
cannabinoids in a synapse

8 Tetrahydrocannabinol (this defining amount of THC in industrial hemp is beingraedl globally by interest parties as an

arbitrary and unscientific amount)
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whilst serving as neurotransmitters. There are two main endogenous ligands 9, anandamide

whi ch serves as a fatty acid neurotransmitter and is an essential omega -6 fatty acid (the
word Ananda is Sanskrit for 6-jarachidonyldlycérdl, gvhidch isa n d
predetermined for the CB -2 receptor, and is a product from the omega -6 fatty ac id (Andre,
Hausman and Guerreri, 2016)

After the endocannabinoids are made available, enzymes breakdown and synthesize the
targeted endocannabinoid. These are received by the CB -1 and CB -2 receptors located in
the central and peripheral nervous system. T his describes the ability of cannabinoids to
trigger ideal processes in the human body when they bind to specific receptors of a neuron.
Ultimately, the ECS is an endogenous process in the human body which regulates various
physiological processors, such  as; regulation of the immune system, key communication
between cells, pain -mediation, appetite, memory, mood, insulin levels, inflammation and

energy and fat metabolism. The ECS serves to maintain homeostasis of primary
autonomous functions, thereby displa ying the recent medical investment and interest in

the viability of cannabinoids medicine to address multiple diseases and syndromes (Borrelli ,
Pagano, Romano, Panzera, Maiello, Coppola, De Petrocellis, Buono, Orlando and lzzo ,
2014).

Cannabis sativa L. has a basic

¢ The endocannabinoid system regulates
the body’s systems to maintain homeostasis

composition of cellulose polymeric

temperature

chains, with very similar primary N>

metabolites to most other plants (Karche

. blood sugar levels
and Singh, 2019). The secondary

metabolites consist of cannabinoids
which are terpenophenolic compounds, S

formed from secretary caviti es in the /\,\16

Phytocannabinoids
THC, CBD, etc.

glandular hairs (trichomes) of the plant . water and minerals o g
w D raniamide. 2G
The aromatic molecules in Cannabis ‘

belongs to what are known as

metabolic waste

terpenenoids  (terpenes). These have Figure 6:A depiction of the endocannabinoid systems
regulatory functions with biotic processes,

such as the attraction of pollinators, anti -pest agents whil st amplifying pathogen blockers.
Furthermore, these terpenoids are classified according to five carbon building blocks (CBB)

in their sub -groups, being; Isoprene (5 CBB), Monterpenes (10 CBB), Sesquiterpenes (15

CBB) and Triterpenes (30 CBB). This is relev ant when decoding the chemovars 10 of

9 Ligand: lon/Molecule which forms a complex biomolecular structure to serve a biological function.
0 Chemovars represent the breakdown of a particular plant species with refeterits chemical properties.
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cannabis. Terpenoids are potent metabolites and have been proven to have significant
effects on animals and humans when inhaled ( Aleferis and Bernard -Perron, 2020). These
are attributable to almost all species in the Kingdom Plantae . Andre etal. (2016) found that
Cannabis has over 100 terpenoids whilst Russo (  2011) suggested there are over 200
terpenoids, with only a few being recognised for their significant health benefits and

agricultural potential.

These are:

Pine ne is the most abundant terpene

found in nature. It has properties \@’ POWERFUL HEMP
which contain anti  -inflammatory and TERPEN ES

insect -repellent properties. It

contributes to the combative agents

A - Pinene Linalool Beta- Myrcene Limonene
Caryophyliene

againstastrain of methicillin -resistant % s

Staphylococcus Aureus 1 (MRSA). This ﬁ» % ?

Anti-inflammatory  Co 1 ribu
edative o

terpene is known to have antibiotic .
lining the digestive  Sleep al
s found In "x ound in
black pepper

effects as well as having properties to
stimulate focus and memory

D-limonene is a monoterpene and has

immune -stimulating attributes with

anti -cancer agents for breast cancer. The unique element

Figure 7:Hemp terpene analysis
of this terpene is the bioavai lability and fast metabolism
characteristics whilst having anti -fungal stimulation in the plant (Skrobin, 2018).
B-myrcene is a monoterpene and is the most common terpene is the commercial
cannabis industry. It is recognised as attributing to anti -inflamma tory, anxiolytic and
analgesic properties.
Linolool was discovered in 2001 and has anti -anxiety, anti -epileptic and analgesic
properties. Linalool is produced by many plant species and has been used in medicine
for its anti -convulsing properties. Itis com  monly found in lavender.
B-Caryophyllene  is a sesquiterpene and has been identified as having a gastric
protector agent whilst having anti -inflammatory properties. An interesting
characteristics of this terpene is the anti -fungal and insecticidal properti es (Andre et
al. 2016) (Skrobin, 2018) (Russo, 2011).

The secondary metabolites consist of over 120 terpenophenolic cannabinoids , known as

phytocannabinoids (Andre et al. 2016). The phytocannabinoids mentioned below are found

11 Staphylococcus aureisa harmful bacterium that can be found in all mammalian life and MRSA is an antibiotic resistant
strain which becomes difficult to treat (Manda019.
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in cannabis and are received by the endocannabinoid neurotransmitter receptors in the
human body when ingested or inhaled . This can only happen after a process of
decarboxylation (removal of a carbon atom) which involves a low heat exposure to the

cannabinoids. The most abundant secon dary metabolites and their key differences are:

CBGA (Cannabigerolic acid) is no -psychotropic cannabinoid and is proposed as the
mother cannabinoid leading to the formation of THCA and CBDA. However, there are

only trace amounts of CBG A found in most canna bis strains (less than 1%). As the
precursor to the most popular secondary metabolites, it holds intrinsic value for the

human body. CBG acts upon the indigenous CB1 and CB2 receptors within the
endocannabinoid system. Studies revealed that CBG naturally i ncreases the level of
dopamine, this contributes to mood , sleep and appetite regulation . Furthermore, CBG
has been identified as an effective treatment for certain conditions such as:

A Cancer: CBGA is showing promising support signs as a cancer -fighting age nt. In
a study conducted by Borrelli et al. (2014), CBG in vivo showed to interact with
target cells relating to carcinogenesis. The molecular structure blocks specific
transient receptors whilst activating essential cells which cause cancer cell
developme nt. Furthermore, CBG inhibited colorectal cancer cells in vivo with
laboratory mice. This displays new evidence for cancer -combating cannabinoids.

A Antibiotic properties:  CBG was found to have  antibiotic properties against MRSA

Furthermore, in a study con ducted by Appendino, Gibbons, Giana, Pagani,
Grassi, Stavri, Smith and Rahman (2008) , CBD, THC and CBN were found to have
a potent bioactivity against MRSA.

A Glaucoma: CBG is effective in reducing and minimizing the intraocular forms of

pressure that are ty pical of glaucoma.

THCA ( Tetrahydrocannabinol acid) which is .ltikse
important to mention that the cannabinoids are more effectively absorbed by the
endocannabinoid receptors when coupled with THC. However, this phytocan nabinoid
will not be discussed as the focus of the paper is on industrial hemp which contains

low amounts of THC (Andre etal. 2016).

CBDA (Cannabidiolic acid) is currently the most prevalent phytocannabinoid for health.

CBD (decarboxylated CBDA) is a non  -psychotropic metabolic compound attributed to

anti -anxiety, anti -cancer, anti -arthritic, anti -psychotic, anti -nausea, anti -
inflammatory agents and supporting immune system benefits for humans (Andre etal.
2016) (Challa, Misra, and Martynenko, 2020 ). When CBDA is absorbed by the
endocannabinoid system, it interacts by inhibiting the release of what is known as the

cyclooxygenase -2 (COX-2) enzyme. This enzyme is primarily associated with
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inflammatory agents, thereby revealing that CBDA can reduce inflammati on and relieve
the associated pain. It acts a palliative substance by affecting the 5 -HT serotonin
producing cell receptors indicat ing that it can reduce the nausea and chemotherapy -
induced pain and side effects (currently undergoing more extensive resear ch at the
time of writing this research report). CBDA has similar properties to
antidepressant agents by affecting the selective serotonin uptake
inhibitors  thereby providing natural medication to combat
depression in various doses (Havelka, 2019).
Further more, according to Havelka (2019),
Aleferis and Bernard -Perron (2020) and
Appendino et al. (2008), CBDA has studies indicating
that it may inhibit the migration of a particular
highly aggressive component which consists of
breast cancer in females (this is known as the MDA -
MB-231 human breast cancer cells). Furthermore, this multi -applicable natural
substance is linked to insomnia conditions by providing a sleep sedative effect when
consumed in large amounts. More importantly, it addresses some of the const ituents
which cause insomnia, such as pain and/or anxiety. CBD medicine has been approved
by the United States Federal Drug Association in treating epileptic seizures such as the
Dravet syndrome and the Lennox Gastaut syndrome (Takeda, Okajima, Miyoshi,

Yoshida, Okamoto, Okaka, Amamoto, Watanabe, Omiecinski and Aramaki, 2012)

CBNA (Cannabinolic acid) is derived from THC when exposed to heat or oxygen. This

has been isolated and identified as a sedative. It acts as a prolonged sleep enhancer,

and has been s uggested to improve sleep when combined with THC. Furthermore, this
isolated molecule has been reported as a poten tial stimulant for growth in bone tissue.
Studies have suggested that CBN activates stem cells which allow for the growth of new

bone. This ca n be used to address bone fractures with increased healing time., Various
additional studies have found that CBN h as analgesic, anti -inflammatory and  anti -

biotic applications.

CBCA (Cannabichromic acid) is dominant in young plants and tends to decline with
maturity. This cannabinoid has been identified as a promising constituent for medical
research. Specific pain receptors in the body; vanilloid receptorl (TRPV1) and transient
receptors potential Ankyrin (TRPAL), are linked with the endocannabinoid system

where CBC is proven to effectively bind. This implies that CBC may be used as a natural
alternative to pain medication which is indicative of the anti  -inflammatory properties
effectively treatin g conditions such as arthritis. CBC has been linked as a cance r-

combating agent, howevernot  inthe sameway as the CBG in terms of inhibiting cancer
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cell growth. The unique nature of CBC is the mutually reinforcing relationships it has

with other cannabinoids. A hemp lexicon coined

6ent our agéampliesftheect 6

synergizing effects of cannabinoids optimally functioning to increase the positive

attributes associated with each one. CBC is a key participant in this action

2011 ).

CBDV (Cannabidivarin) has a molecular similarity to the CBD structure. However, it

intrinsic value displays treatment

for

(Russo,

sO

neur ol

epilepsy. CBDV can deter seizure -events whilst administering before seizures may

completely disable the seizure as well as reducing th

(Andre etal. 2016).

The biosynthesis and isolation of specific cannabinoids would allow for medical

practitioners to intercede the spread and/or conditions of appropriate patients

increasing the demand and potential impact of

paradigm of sustainable development. However, as previously mentioned, the unique
bioactivity of the cannabinoids worKk
diversity of specific cannabinoids facilitate palliative condition

a full-spectrum . The medical and bioanalytical field of inquiry for

e intensity and length of event

thereby

cannabis in the healt h and well -being

currently undergoing extensive research and development.

There are over 538 different chemical constituents from

of the elements consist of the:

Terpenoids
Cannabinoids
Hydrocarbons

Sugars

Essential fatty acids
Simple and Amino acids
Simple ketones
Proteins

Glycoproteins

Enzymes

Vitamin B1, B3, B6, C, E and K
Flavonoids

Nitrogenous compounds (Kuddus

et al. 2013).

n

an

s in cancer patients when  in

cannabis derivatives is

cannabis . Of these, t he importance

27

(

6ent c



The importance of cannabinoids is due to their significant natural health attributes for
humans. Hemp seed oil contains 80% polyunsaturated fatty acids whilst being significantly

rich in linoleic acid (omega 6) as well as two alpha -linolenic ac ids (Omega 3) (Challa, Misra
and Martynenko, 2020).  These are essential for the maintenance of long -term health. The
food metabolomics industry categorizes hemp as strong component of natural -based
nutrition supplement. However, Aleferis and Bernard -Perron (2020), argue that the
biochemical structure of the food and the interactions of the terpenoids, primary and
secondary metabolites and various other components in cannabis, pose a multi -complex
situation for the integration of cannabis derivatives into fo od as a nutri tional supplement.
Hemp seeds have been reported to help with weight loss as they boost metabolism which
increases the potential fat -burning effect. Hemp contains a proportionally high protein
content. This protein is known as Edestin which ha s antibodies and is vital to the
homeostatic of the digestive tract and immune system. Hemp seeds provide vital nutrients
and a unique balance of the nine  essential ami no acids for human consumption. Edible
hemp seeds have comprehensive health benefits by improving cardiovascular diseases,
dermatological improvements and reducing menstrual cramps. These various health factors

evident in cannabis have the potential to address nutritional health standards in
communities in South Africa and more specifically, the Eastern Cape (more to be discussed

in Chapter 4) .

Andre etal. (2016 ) and Asquer, Melis, Scano and Carboni (2019) highlight that  epigenetic
engineering can create the ideal phenotypic characteristics of cannabis plants. This will
contribute to a sustai nable output of industrial crop with improved and fortified health
benefits. These improvements could manifest as evergreen hemp farms, a very high fibrous

content, minimal seed shattering, increase in potency and bioavailability of CBD and other
phytocann abinoids, fast growing and drought resistan ce. The evolutionary nature of
cannabis expressed by its behavioural resilience, multi -purposeful applications and agro-
ecological interactions are directly related to the web -like network of chemical relationship S.
This identifies the cannabis plant as being a significant natural medicine for multiple
diseases, syndromes and conditions. Therefore, cannabis as a natural medication can be
used combat health issues and provide better regulation to the autonomous func tions
within the body.

Agro-ecological value of Cannabis sativa L.

Cannabis is a significant crop for commercial and small -scale agricultural cultivation due
to its significant interactions in an agricultural landscape. Cannabis has numerous agro -
ecological r el ati onships which support the biodiversi

and Arathi (2019:1) make a point by identifying that Cannabis is a relatively new crop under
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scientific enquiry and thereby: Othe ecological val ue hvaesstngtatle

Aliferisand Bernard -Perron (2020) c&@iameabt neaestribimdthednature
of the cannabis industry and how this new industry will become an extensive and dynamic

industry.

Agricultural landscapes  must attempt to decrease the ne  gative effect on environments with
complex systems of indigenous pollinating insect life. Hemp does not have nectar, yet the

male (staminate) hemp plant provides an abundance of pollen, which are vital nutrients for

honey bees, pollinating bees and other p  ollinating ecosystem agents  (Flicker, Poveda and
Grab,2019) (O6Bri en anMalehemp plénis growtdlldr than female plants

and release large quantities of pollen for up to six to seven weeks. The height of male hemp

plants is a determining fa  ctor for bee specie richness and abundance (Flicker et al. , 2019).
As previously mentioned, hemp is a wind -polli nated herbaceous plant. Therefore it serves

diverse purposes for functional ecosystem integr ation.

South Africa is home to a unique and diverse set of pollinating agents (  Eardley, Kuhlmann
and Pauly, 2010) . According to Eardley etal. (2010), there are 2755 Afrotropical bee species
identified in sub -Saharan Africa, with a third of that population existing in South Africa.

The nature of pollinatio n is complex, due to different plants needing different pollinating
agents. However, Flicker etal. (2019) and OO3Br i(201®) canduttedistudies i i
New York and Colorado (respectively), which surmised that pollen supply in an agricultural

region coincides with the senescing of other pollinating crops. Therefore, hemp pollen
provides vital nutrients at an integral time to maintain the biodiversity of Hymenoptera

(large order of insects) in agricultural landscapes. Other conclusive data shown in the  se
studies identified that the height and temporal flowering of male hemp plants are key

aspects for the resilience of pollinator communities within agroecosystems (Flicker et al.

2019). Therefore, the strategic use of hemp within agriculturally productive regions can
provide an essential ecosystem service which facilitates a natural -based solution to crop
monoculture and seasonal pollen scarcity. Hemp can be used an off -seasonal pollen
producing crop to help mitigate the extremities of pollen scarcity in t he Eastern Cape as

well as an additional income source for hemp farmers.
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Figure 8:
Pollinating

ecosystem agents
(a) Apis Mellifera
Capensig¢Cape
Honey Bee) and )c
Bambus impatiens
(Common Eastern
bumble beé on
industrial hemp
pollen sacs (Flicker
et al.2019:199)

An interesting second ary revenue stream proposed by Medical Cannabis Primer (2020) for
hemp farmers, is natural ¢ annabinoid -infused honey. The study explains the relatio  nship
of the male hemp plants pollen with pollinating ecosystem agents, such as the African or

Cape Honey Bee. Pollen provides protein, minerals, fats and essential vitamins which is

needed for a nutrient development when feeding young bees. The worker bee s pack the
pollen which is rich in cannabinoids into pollen sacs which they return back to the hive.

These pollen sacs are mixed with their saliva which is enzymatic and this contributes to the
development of bee bread which is nectar and pollen stored awa y for fermentation and  is
then converted into honey. The amount of cannabinoids is dependant of the amount of

pollen within the nectar mix. The bioavailability of cannabinoid  -infused honey is higher
than most of carrier -modes for cannabinoid absorption due to its ability to pass the Blood -
Brain Barrier more efficiently. The opportunity to make cannabinoid infused honey has the
potential for high -value added whilst contributing to the restoration of the Cape Honey Bee

in the Eastern Cape

The delicate natur e of honey bee pollination is hung in the balance between the Apis
Mellifera Capensis (Cape Honey Bee) and the Apis Mellifera S cutellata (African Honey Bee)

in South Africa . The Eastern Cape forms the invisible border between the populations of
the African Honey Bee and the Cape Honey Bee. However, th e Cape Honey Bee is more

common.

Sraka, Skevin, Obranovic, Butorac and Magdic (2019) and Ahmad, Tehsin, Malik, Asa,
Shahzad, Bilal, Shah and Khan (2015) emphasised that cannabis contains a certain
combination of chemical constituents which act as a natural herbicide. This is of vital

importance to the overall health of a bioengineered ecosystem, as indigenous insect -life will
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not be as negatively affected as other crops due to the less toxic type of herbicide, insecticide

and pesticide needed for cannabis cultivation.

In a study conducted by Sraka etal. (2019), hemp seed yield and hemp fatty acids yield was

analysed from 2016 to 2017 in the Pannonian agricultural region in the Republic of Croatia.

The data too k into account the agro  -ecological conditions, a 30 year climatic data average,

the rate of hemp evapotranspiration of plants, agro -technologies and harvest methods.

While Andre et al. (2016) states that the concentration of phytocannabinoids is dependent

on the age, tissue type, growth conditions (nutrition, light, humidity), harvest time and

storage. In a comparative study, Andre etal. (2016) observed that there were high traces of
cannabinoids (particularly THC) found in 5 out of 11 hemp seed oil sampl es in from the
Croatian hemp market.  6Contaminations are due to improper processing procedures and the
ilegaluseofdrug -t ype hemp f or nut rAndré et a.a2016:p uWhilsd Ghalla Oet

al. (2020) investigates how hemp processing (drying and r emoval of cannabinoids) imposes
l'imitations on the final cannabi noi dryingunathotlsi t i e
currently practiced in the i ndChalaretyal. 2Q02¥8. Tresweyv er a
multiple dialogues investigating the diverse e lements affecting the final hemp product

indicates that the  cannabis industry is currently in the process of more comprehensive

research and new development avenues.

Industrial hemp has
P HYTO -REMEDIATION another agro -ecological
(plant) (restoring balance) relationship that is, by
itself, a formidabl e

characteristic for the

regeneration and

) stabilization of commercial
eHEMP PLANTS ol eABSORBS and small -scale farms.

naturaly clean out toxins from polluted 7 O TR man made pollutants and heavy metals
soil. " B like nickel, cadnium, selenium and lead.

eTHE ROOTS ) ’L ¢S TORES

grow 1.5 - 3 ft and effectively reach deep toxins throughout the plant with the I’eVIta“se the health Of the

Hemp has an ability to

into the soil. e Pollutants potential to be used as biofuel.

soil. This is due to the

action of phytoremediation

Figure 9:The ability of hemp to remediated the soil which is the plant roots
interaction with the edaphic prope rties (Ahmad etal. 2015) (Amaducci, Zatta, Raffanini and
Ventur i, 2008) (Prade, 2011). Hemp essentially ¢

al. (2019) mention that hemp is an ideal plant to sow for crop rotation due to the
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bioremediation properti es and nematode 12 resistance. This supports the agro  -economic
situation for many non -hemp farmers based on the increase in the performance of t he

revitalized soil after hemp  remediation.

Pioneer studies of hemp sdability to hyperaccumulate heavy metal in s oils was conducted in
the Ukraine in 1998. Hemp was specifically utilized for the action of removing toxic
contaminants surrounding Chernobyl after the nuclear meltdown (Ahmad etal. 2015). The
determining factors of this study were the root length, root | ength diameter, short life cycle
of growth (100 -180 days) and the high biomass of hemp. Due to these attributes of hemp,

it proved to reduce the contamination in this specific site. The evidence revealed a high
uptake of copper, cadmium, chromium, lead, zi nc and nickel in hemp leaves from the
contaminated heavy metals in the soil. This is because plant life contains cells and tissues
which protect themselves from certain oxidative damage via the absorption of antioxidant
properties. Hemp contains stress res  ponsive and tolerant genes. Ahmad et al. (2015)
expressed that genetic manipulation of the heavy metal stress tolerant genes 13 in hemp can
be amplified to increase the  hyper accumulator properties,t  hereby displaying positive signs

for hemp cultivationtor  estore and regenerate abandoned mine qu  arries and mine dumps

in South Africa and the Eastern Cape for agricultural production or development .
CO, CO, 0, Hemp is a carbon sequestrating plant
CO: & 0: thereby offsetting the total carbon

0:
\ l / / footprint of a hemp-based product
N\ L (Novakova, 2018).

According to Vosper

(2019), one hectare of industrial hemp
has the ability to absorb 22 tonnes of
carbon dioxide. This suggests that hemp
cultivation can be used for carbon
farming to combat sector emission
targets for various industries in So uth

Africa. The nature of hemp cultivation is

Industrialhemp - one of the most ettective carbon sequestering plants.

Locking up more than 15000kg of CO2 per hectare in just 90 — 100 days that nOthmg goes to waste. The offcuts

after harvesting can also been used as
Figure 10industrial Hemp as a carbon sequestrating crop

e ) ) animal feed or animal bedding (New
(indicating a different carbon sequestnagj rate)

Frontier Data, 2019).

12Nematodes are microscopic multicellularéess that feed on plants and are known to carry bacteria and viruses on them.
Cannabisgs observed to be rarely infested by them, therefore proving as a vital crop rotation plant for other crops which are
commonly infested by nematodes (McPartlaawtl Glas, 2001).

B Glutathionedisulfidereductase (GSR) and phospholipase (PLR) (Ahmadet al. 2015)
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The Global Cannabis Industry and Africa & Hemp Positionality

The global cannabis community is growing in size, complexity and abundance in terms of
its supporters, legislation and applications. The cannabis industry is the emergence of  raw
plant mat er i al for industries, agriculture, hesl t h

Cannabis was stigmatized in the western world as a psychotropic drug, labelled as a

6gateway drugd to har mf |

poised the medically beneficial and multi -

- environment

applicable plant as only a psychoactive
stimulant which leads to crime, conflict and
poverty. Many countries battled with the
conflict of deciding a positive discourse
between marijuana and hemp. This reversed
the potential of the industrial hemp to be an
economic and medical asset and set the motion

of cannabis being labelled as only an illicit

substance which i nduces Fig@&e119hbimghdlddlegafarndBiGuhivation
2019).
However, some countries, such as France, have lengthy historical collaboration of hemp

legislation. In 2016, France was cultivating more than half of the total Europeans Unions

hemp (17000 hectares of 33 000 hectares). China is the top hemp cultivator at 45 000
hectares and then Canada with 31 000 hectares. Europeds hemp ir
t he O6AII He mp: I nternational Congr e % $ebrodry 2616 mp 6
(InterChanvre, 2020) . This promoted the rise of domestic hemp -based products and

domestic hemp farming in viable European agronomic regions ( Guba and Dufton, 2019)

A significant point made by Morrissey, MacCann, Torres and Whitney ( 2019), is that there
are more than 50 countr ies which have, in some form, legalized cannabis for medical use.
With reference to the image below , the global demand value for  cannabis is estimated at
$344.4 Billion. The potential of the Cannabis industry is now being given foundation on
which to grow. This is being spearheaded by leading scientists, medical experts, businesses

and governments which provide professional data to this new market and widened the doors

for C annabis trade. The market perception of cannabis will be led by digital media which
will boost awareness and connect consumers on a virtual scale. The economic viability of

hemp in emerging markets has the potential to propel sustainable development, technology

driving efficiency and capital investment in the industry (Morrissey etal. 2019).
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Turning our attention to
Africa, the

TOTAL ESTIMATED VALUE OF CANNABIS DEMAND BY REGION
(ESTIMATE IN $USD BILLIONS)

$250 —
unprecedented potential
Global Demand Value

o0 [ $344.4 Billion

of hemp cultivation is
due to the primarily

$150 —

agro-based economy

$1329

which inherently exists

SUSD BILLIONS

in most African $i00 — sa56
countries (New Frontier s8.5
850 — |
Data, 2019). According - $373
i $9.8 %87
to the New Frontier Data o L “
(2019), Afric a IS Asia Marth America Europe Africa Latin America Oceania Carribean

Source: New Frontier Dato

estimated to currently
have an 11% market value of the global cannabis Fiqure 12:The demand ofannabisglobally
industry. Data of the Cannabis i ndustry i s t he correlation
applications and farming methods contributing to the achievement of the United Nations

Sustainable Development Goals (SDGs) (New Frontier Data, 2019) (Morissey et al. 2019).

The dynamic opportunities and challenges facing the emerging markets and economies of

Africa can be coupled with the formidable global Cannabis movement and in turn,
proactively add ress sustainable development through hemp agriculture and hemp -based
applications. With the current socio -political and economic crisis amoungst the COVID -19

pandemic, many economies require innovative and effective financial means of gaining

revenue.This i s a unigue opportunity to integrate the
economies.
firhe Sub-Saharan construction industry is forecasted to reach $12.9 trillion US by 2022 éo

(New Frontier Data, 2019:6)

According the New Frontier Data (2019) and F OGA (2019), a few Southern African countries
have reformed drug prohibitions and have established a regulated market for cannabis
industries. Lesotho pioneered a legal market in Africa in 2017 with Zimbabwe following suit

in 2018 (South Africa to be discus  sed later). Africa has specific factors which encourage the
integration of hemp agriculture to address economic growth, overall health improvement

and access to education. Africa is poised to increase in population by 50% in 2050, thereby
increasing the av ailability of human resources . Improving economies are seen in gross
domestic product increase of 3.5% in the last two years, with the East -African region

growing the fastest.
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There is a distinct foreign
@ AFRICA'S 15 LARGEST CANNABIS MARKETS

investment from the
Chinese  government in |77
. . . ~ $350 —| South Africa mtl)
Africa wi t h Chi nao 4
S $300
project being the Belt and
$250 —
Road Initiative. China is 5 £
$200
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Ethiopia $15 billion—7"" N\
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Africa  through  various

Chinese -fund projects such
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o
@
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Figure 13African cannabis markets. Indicating South Africa to have a $1.:

proje ctsin Nigeriaand Kenya. o .= o

Furthermore, construction in
Sub-Saharan Africa 14 is expected to rise, this allows for many low to mid -tech hemp
applications, such as hempcrete and hemp cellulose based aggregate insulation, to propel

and integrate hlilitgpn écolagica ermefitnirathe development paradigm.

The availability of arable agricultural land in Sub -Saharan Africa is an opportunity for hemp

farming to become an integral asset for agro -based economies. This will bolster the
employment in the  agricultural sector with already 60% of the current income and

employment being based in and from the agricultural sector. The predicted increase in

population in Africa must be coupled with a mutual rise in employment options, thereby

indicating the crit ical nature of expanding upon labour -intensive industries (New Frontier

data, 2019). Lastly, the element of tourism and ecotourism plays a massive role in the

countries of Africa. Through large  -scale commercial hemp farming with multiple cultivars

and unique phenotypic character®stcans, bé€Cameatamure
sustainable and economically viable proponent in a countries annual gross domestic

product.

14 SubSaharan Africa includes 46 of the 54 African countries.
LY/ yylFrG2dz2NARaYQ Aa |y SO2t23A0Fftf & &dza @bisindustoyf S F2NY 2F
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In a more comprehensive model for hemp integration as a sustainable development tool,

the United Nations 2030 Agenda for Sustainable Development Goals (SDGs) can harness

the hemp industry as a viable resilient and sustainable resource to address these goals

New Frontier Data (2019) found that of the 17 SDGs, the most applicable to A  frica were

SDG 8 being decent work and economic growth, SDG 2 enacting zero hunger and SDG 3

addressing good health and well  -being. In terms of SDG 8 which aims to have 0éinclusi
and sustainable economic gr owt lempandustiiesd ercneedidal wor
cannabis can increase jobs for unskilled and skilled workers whilst providing a platform for

foreign direct investment into a downstream economies of scale and higher value -added
supply chains (New Frontier Data, 2019:21). However, foreign owner ship must be regulated

in order to generate local empowerment and participation. SDG 2 aims to create healthy

citizens of all ages by addressing food security and improving nutritional standards via

sustainable farming methods. The legalization of medical Cannabis has the potential to
provide affordable healthcare treatment for those with specific Cannabis -treatable diseases.

Using hemp seeds as a superfood, many nutritional benefits can address malnourishment

and help maintain healthy citizens to be able w ork productively. SDG 9 tackles industry,

innovation and infrastructure which has a strong correlation with the innovative nature of

the expanding hemp industry, thereby coinciding with the notable strategic position of the

hemp industry in Africa and especially , South Africa (New Frontier Data, 2019) (FOGA,

2019).

A contributing factor towards hempds for mal i nt
African Continental Free Trade Agreement (AfCFTA). This invites a free trade agreement set
toopenonthel st July 2020 (however, COVID -19 delayed this commencement). The AfCFTA

provides an intra -African trade partnership which supports a more integrated African

continent with fewer import expenses and open access to trade agreements amoungst the

ratified countr ies (Tralac, 2020) . In a recent briefing paper by Putri (2020), the World Health
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Organisation (WHO) addressed an i nt er cambid. Mast f or
importantly, this intervention aimed to recognise the benefits of medicinal cannabis a nd
remove certain words such & & tiomcttithree ss cehredd ué x t
psychotropic drugs convention. Furthermore, by removing cannabis from the Schedule IV

of the 1961 Convention of Narcotic Drugs, international laws governing cannabis

regulations can be surpassed by the host nations. Alongside other stipulations, the

reformed outlook on cannabis from the WHO opens an opportunity to medical and

industrial cannabis programs with less stringent protocols to support local -small holder

farmer s. The Commission on Narcotic Drugs (CND) are set to have specific topic -related
meetings throughout the year of 2020 with the final culmination in the 63 rd reconvention

of the CND set to discuss key  cannabis points in Vienna in December 2020. The positio n

of the Cannabis industry is a key sign for leading policy makers, government officials,

foreign investors, entrepreneurs and industries to fast -track and adopt sustainable ways of

practicing and facilitating growth in the hemp industry in Africa.

2.5. South A frica & Hemp situation

The government of South Af rica has recently been promulgated cannabis as commercial
asset with potential for international markets (GSA, 2020). With the State of the Nation
Address in February 2020,  President Cyril Ramaphosa statedt hat:

®we wild open up and regulate the commerci al
opportunities for small -scale farmers; formulate policy on the use of cannabis products for

medicinal purposes, to build this indu  stry in line with global trends 6 (GSA, 202 0).

The statement made by President Ramaphosa opens up a market for industrial hemp
applications. According to FOGA (2019), South Africa (SA) is the fourth largest producer
and consumer of cannabis worldwide. This implies a potential for tax revenue for
government, trade and local manufacturing and an intra -South African cannabis market.
Furthermore, the advent of legal cannabis development programmes and scientific research

will mitigate the misappropriate criminalisation of cannabis users by the South A frican
Police Service. In the State of the Nation Address of 2021, President Cyril Ramaphosa aims
to deliver industrial growth with a focus of local manufacturing for international and local

market, thereby providing fertile soil for the implementation of agro -processing

manufacturing plants for energy efficient hemp -based product development.

18 argely interchangeable, a tincture is a concentrated herbal extract by mainly using an alcoholic based solvent. As extract i
concentrated herbal solvent dissolved in any radocoholic based solvent.
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Many past cannabis users have been harshly prosecuted and detained based on their use
of cannabis. The notion of equality and civil rights must be respected and adhe red to by the
law enforcing agents in SA ( FOGA, 2019 ).
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Figure 15Some of the 2D00 uses for hemp

I't is important to note that SAG6s hi sanmabisyin8A o6d
prohibition stems as far back as the early British and Dutch governance structures of the

1800 s. According to FOGA (2019), the Medical and Pharmacy Act of 1891 categorised

6l ndian Hempd (Cannabis Indica) as a poison. Thi
a ban on the consumption and trade of &6l ndi aa He
Customs and Excise Duties Act prohibited the use and trade of opium, this prohibition

coincided with President Jan Smuts 0 letter to the League of Nations to support the

international drug policy on 6daggad. Thi s | e
consecutive South African governments. A pivot a
theilnter -depart ment al Commi ttee on the Abuse of Dagg
data on hemp but was adopted by the United Nations Convention on Narcotic Dr ugs in

1961. Further ratifying the consensus for nations to prohibit hemp as a medicine and
industrial mat eri al , based on s pdyohdtrgpic atnbutesg FOGA, @049).a 6 s

The United States of America (USA) and South Africa (SA) have had an entw ined experience
of cannabis regulation ( Minnar, 2015) . Due to the formidable research endeavours and
leading westernized authority of the USA, SA followed suit with many drug prohibition
campaigns set forth by the USA. In 1971, SA signed the Convention on Psychotropic Drugs

which was supported by the US Presidents Nixonds
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SA i mposed the O06Abuse of Dependence producing S
Act 19718, which I ed to the i ncsarnhefirsteotpleoflyearsf mai
of implementation. This draconian measure was one of the by -products of the Apartheid

regimes 0tools to enact forceful measures against people of colour (Minnar, 2015) (FOGA,

2019). The last remnants of the Apartheid perspec tive against drugs was

Drug Trafficking Act 199286. This was an amendmen

It must be emphasised that the past
legislative prohibitions of ~ Cannabis in South

Africa have acted completely against the

potential medicinal and industrial i
applications of this versatile plant matter. \\\
This  further degraded the societal :
perspective of hemp and prolonged its
industrial and medical integration in a
functional economic, social and health
system. Haffajee (1998) alludes t o the

Apartheid government & import expense of

wh at was | abell ed 0 Dr o Figure 16Hemp as a misappropriated plant
now representing South African flags

isolated delta -9 Tetrahydrocannabinol (THC)
used to address symptoms of cancer, multiple sclerosis, AIDS and other diseases. However,

the company, &levat d(a South A frican multinational corporation) used this pseudonym to

avoid being identified by the legislation, whilst the Drugs and Drug Trafficking Act amended

the legislation to ensure that this pharmaceutical company could exploit the notion of

cannabis trade. d@levatd(a sub company owned by Pharmacare) was benefitting from this

trade and there were multiple claims against this p ractice, however all claims were  to no
avail. The objectors presented the case that there is a strong possibility that &levatd was
growi ng crops in South Africa and linking the financial remuneration with the Apartheid

South African Government (FOGA, 2019) . This evidence suggests that corruption and

mal practice was evi dent hdmpindBsiry t, \with thd mohetary Buscess a s t
being shared amoungst the few and kept away from the many. With this understanding,

the current leading political party, the African National Congress, has a responsibility to

South Africa to ensure that the cannabis industry embraces the full potentiality of the
beneficiation of products  versus directing profits for the elite whilst nepotistic ideals are

being enforced by the governme nt. South Africa must develop a cannabis industry to fully

assist in addressing its vital challenges of poverty, unemployment a nd education.
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I n what was called the o6Tri al of the Plantd in
C o u p'r eeriiested the non -regulation of Cannabis. This operated in tandem with the ruling

in the Western Cape High Court in March of the same year, wh ich effectively allowed for the
decision to Odmenahsimsen.al TBedongoing support and
Coupled finally erupted in September 2018 when t
private properties to grow and consume marij uana for personal adult -use on private
property. The September court ruling found certain sections of the Medicines and Related

Substances Act, 1965 (Act 101 of 1965) to be unconstitutional 18, This court ruling removed

cannabis and its chemical constituent, tetrahydrocannabinol (THC) from a Schedule 7

narcotic list. Furthermore, CBD is categorised as a Schedule 4 Drug except when it has

complementary medicinal instructions and dosages such as only 6000mg of CBD per

product and providing daily dosages of 20mg per serving. When these specifications are

met, CBD is regulated as a Schedule 0 substanc e (SAHPRA, 2019). A CBD product mu st
contain 0.001% or less trace amounts of THC. At the time of writing this research report,

the current legislation around phytoca nnabinoids does not pertain to the manufacturing

andtrade of a 6f ul I® cawmeiroid praducd

The Constitutional Court is set to expedite their decision in 24 months from the September
2018 ruling, therefore, by September 2020 there will be further regulations set forth by
SAHPRA and other departmental organizations. These regulations have been recently
promulgated by removing cannabis from a Schedule 7 category, with THC (the psycho -active
ingredient) being listed as a Schedule 6 substance. The 196 1 Single Convention on Narcotic
Drugs ensures that South Africa abides by a specific notion that all Schedule 6 (which is

THC) drugs must be sold by acquiring a license. This international policy aligns all

participants to this ruling.

However, since 1994 , SA has conducted hemp pilot projects for medicinal use and
cultivation met hods specifically needed in SAOD
recognised in April 2018 by the South African Health Products Regulatory Agency (SAHPRA)

who granted the first medical license to grow hemp (New Frontier data, 2019). However, a

specific regulation set forth by SAHPRA pertains to industrial grade hemp which is required

to contain 0.2% or less THC in the plant. This is an extremely stringent requirement and

will be a barrier for small -scale farmers and other synergistic industries because of the

genetic requirements needed to engineer a strain which has this reduced amount of THC.

In other cannabis regulating countries, 1% and 0.3% are the requirement for THC. This

7¢ KS W5 | 3Bk précéndabiolb@st organisation founded in and for South Africa.

BLSOGAR2Y HH! O6pOOMOOLFUO dab2 LISNBE2YIf &AKIFEfX | OljdZANBY dzaS:
or manufacture any specified Schedule 5 or Schedule 6 substance halesshe has been issued with a permit by the Director
DSYSNIf F2NJ 4dzOK | OljdzA aAGA2y s dzaSs LlRaaSaarzys Yl ydzFl Oladz
PwCcdz t ALISOGNHzZYQ A& | OFyylora tSEAO2y GSNXYAy2ft238 SELX |
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poses an obstacle for industrial hemp farming in South Africa (DoE, 2020). Some European
strains are required to have a 0.2% THC limit in the upper third of the plant. This will allow

for the importing of European seeds into South Africa but may pose finan cial constr aints
on acquiring the genetics. At the time of writing this paper, the regulatory laws involving

industrial hemp and the THC requirement are constantly changing. A recent promulgation

by the European Industrial Hemp Corporation announced a new limit of 1% THC to be
allowed in industrial hemp crops. Furthermore, under the Medicines and Pharmacy Act,
importers of CBD and products containing CBD will need to have a Medicines Import license

whilst wholesalers will need a Medicines Wholesale license and distributors will need a
Medicines Distributors license. This is in order to ensure that CBD aligns with Good
Manufacturing Practice thereby ensuring that there are no other contaminants in the

finished product. According to TNHA (2020), this will be  a challenge for small and medium
sized businesses who are selling CBD products as they will now be required to regularize

their way of business in accordance with these acts. This may propel powerful
pharmaceutical businesses to monopolize the industry and outweigh the chance of
integration for small businesses. The effect of stringent business protocols will lead to a

higher price value for medical, industrial and nutritional products. This will force the

cannabis industry into a position of interest based on affordability, whilst neglecting the
social responsibility of a multi -applicable plant development industry. This is especially
evident in South Africads <circumstances and ma

potential of CBD businesses.

Shifting t he attention towards the climatic conditions in South Africa, the pervading semi -

arid nature of South Africads | andscape is valne
risks. This informs the need for a revitalised approach to renewable energy product ion
whilst mitigating the associated climatic risks of large -scale, monoculture commercial

agriculture. The benefits of the innovative hemp industry can be identified in the
phytoremediation properties, the prospects for hemp biofuel, hempcrete and other e nergy
related savings with hemp  -based products (to be discussed in Chapter 4). Turpie and Visser
(2014) suggest that South Africa relies upon productive agricultural systems to support
numerous families and economic structures. This positions South Africa as a highly
climate -sensitive environment. The effects of climate change are evident not only in the
increase of the annual temperature average, but also in more infrequent rainfall patterns

with the ominous threat of drought as its manifestation (Turpie a nd Visser, 2014). Turpie
and Visser (2014) indicates that atmospheric weather data from 26 weather stations in

South Africa has estimated a temperature increase of 2.4 °C by 2050 and a decrease in

20 Climate chang refers to the changes in short term and long term weather patterns directly or indirectly related to
anthropogenic activity which alters the composition of the global atmospheric propgEi€s2012).
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annual rainfall of 6.3% by 2050. These negatively impact the already water scarce resources

in which agriculture systems heavily rely upon. South Africa is also reported to have a
relatively high evapo -transpiration amoungst agricultural crops, with the highest potential

being 1500 mm per year ( Turpie and Visser, 2 014). The Ricardian Approach 2. can be
adopted to integrate data studies on the adaptation methods needed for farmers to ensure
sufficient production of agricultural output. Furthermore, these climate associated risks
exacerbate poverty in rural communities through the perspective of food security 22, The
importance of addressing associated climate change risks in South Africa is applicable to

this study based on the direct impact it has on agriculturally dependant, ecosystem
sensitive and geographically expose d rural areas, which is a dominant theme for the

majority of the Eastern Cape.

Averchenkova, Gannon and Curran (2019 ) reveal how South Africa has an existing climate -
policy governance structure aimed to address an integrated and coordinated alignment of
policy protocols against associated climatic risks.  Despite this, there is a reported fail ure of
capacity and implementation of the se cross-cutting policy protocols.  Averchenkova et al.
(2019) explainsthat the NPC (2013) has integrated clima te change as a key elem ent for the
overarching strateg y for development in the South Africa. Furthermore, DEA (2016), DEA
(2017) and Averchenkova et al. (2019) identify that a climate  -resilient society must work in
alliance with supranational agreements, such as the Pari s Treaty, Kyoto Protocol, United
Nations Framework Convention on Climate Change (UNFCCC) and the Intergovernmental

Panel on Climate Change (IPCC). These international policies addressing the health of the

bi osphere ar e enforced thr olinpte Chafge MoS8iwring Band Af r i
Evaluation System. Multiple government policies guide and coerce sustainable development

in South Africa (NPC, 2013) (DEA, 2016) (National Treasury, 2013).

0South Africa c¢omnmiemmygaldf398006ld MiGO2kbetwee N 2025 and 2
(DEA, 2016:11) .

South Africa is required to abide by the National Determined Contribution, Sector
Emissions Targets and Desired Emissions Reduction Outcomes (DEA, 2016). The South
African Low -Emission Development Strategy 2050 aims to main stream a reduction in
anthropogenic greenhouse gases emissions and provide targets for short, medium and long

term emissions for government departments. The hemp industry has the opportunity to

21 The Ricardian Approach analyses the relationshilarmland value, climate, soil and other variable through an econometric
data table (Turpie and Visser, 2014).

22 Food security is identified as having four dimensigfigod systems stability, food availability, food accessibility and food
utilisation (urpie and Visser, 2014).
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integrate its industrial applications to contribute towards me eting the protocols within the

governmentds transition to a | ow carbon economy.

The many high -technical and low -technical applications of hemp allows for substitute
manufacturing processes to combat resource intensive, greenhouse gas emitting industries
processes (CDCSA, 2020). The low -tech applications can be interpreted as making
hempcrete, manufacturing textiles, nutrition and animal bedding and feed, whilst the high -
tech applications involve creating hemp bioplastics, biodiesel, medicine and cosmetics. The
many applications postulates opportunities for green jobs, green education, green
infrastructure, integrated ancillary industries, foreign direct investment and international

trade. (New Frontier Data, 2019). National Treasury (2013) and Oke, Aigbavboa and Dlamini
(2017), analyse carbon trading as a viable financial tool to ameliorate once unfeasible
economic restructuring , whilst supporting local economic development in disparate
communities. This can evolve the high carbon emitting industries in a shi ft towards a low -
carbon economy and climate resilient society . In these studies, South Africa can distinguish
bet ween the ©O6cap and tr add@sel 0 gea rmamaEsiosstrddidd h &
scheme 23, Therefore, South Africa has the opportunity to util ize the hemp industry as a
catalyst flagship programme addressing food systems, energy efficiency, carbon capture,
renewable energy and a climate resilient environment. These particular aspects of climate

resilience foster a stronger recognition for sustai nable human settlements (DEA, 2017).

Therefore, the insight into the
appl i cabi lcanhapid ssuggedt

that this innovative and synergistic

industry is a multi  -sectoral asset for

government revenue. The Production Harvesting Transportation

Department of Agriculture, Fo  restry
and Fisherie s (DAFF), Department of

Environmental Affair s and Tourism 4(3 } ﬂ
F «=
(DOEA), Departm ent of Water Affairs g

. Processmg Distribution Products
(DoWA), Department of Cooperative
Governance and Traditional Affairs Figure 17Hemp Industry Valuadded supply chain

(COGTA), Department of Energy (DoE) and other cross governmental departments are

expected to have an integrated involvement with the hemp industry (DEA, 2016). New

B YMEINI RS aeadasSyQ Kra |y dzLJLISNI ft AYAG ¢6KAOK RSGSNXYAyYySa
FAESR ydzYo SN 9YA&aA2y LISNXAGEA FNB 3INI yiSR (o0 380K 2vws a Rada
flexible emissions trading designs where a baseline is established and it is used as the measurable point for futurersnd pres
scenario analyses. Therefore, any polluter whom reduces their emissions below this point earns creclitgantibe traded

with other polluters in order to fit within regulation. This allows for economic efficiency and is an effective ambasséaor of

green economy (OECD, 2020).
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2.6.

Frontier Data (2019) exposes the dire need for cross -sectoral coordination and inter -
departmental alignment with the advent of a cannabis industry in any country. A relevant

introspecti onofthe cannabis industryis addressedby Coogan (2016), who fosters the South
African perspective of whether hemp will be addressed in its multiplicity or will be perceived

as a Obusiness as wusuald crop. Coogan (@@cton
of hemp in South Africa and how this has morphed into a decrepit societal perception which
may have the propensity to mitigate the true realization of hemps appropriate product

developments.
Hemp in the Eastern Cape:

Climate change and poverty  are inextricably linked  (Turpie and Visser, 2014). In the case
of the Eastern Cape Province , the need to prioritise sustainable development with rural
socio-economic inclusivity is invaluable. The potential of the hemp industry can facilitate a
development al state in which financial investment can materialise in climate combative
techniques and agro-rural socio-economic inclusivity. According to the ECPC (2014), the
Eastern Cape has an extremely high unemployment rate, requires strategic transformation
of the agriculture sector, has a failing public health system and has available arable land

for agriculture . Using strategic guidance from the Eastern Cape Vision 2030, the Eastern

Cape Agricultural Research Projects and the Eastern Cape Socioeconomic Consult ative
Council (ECSECC), the research will unpack provincial policy protocols to conceptualise the
integration of hemp cultivation in the Eastern Cape (ECPC, 2014) (ECSECC, 2019).

The rooted challenges of the

1996 -2018 . .
100.0% Eastern Cape are primarily due to

80.0% \ the  Coloni al  deprivation  of
70.0% =

oy \'\/ education and Apartheid &
40.0%

30.0% /—\’—\J\_—/— structural legacy of unequal land

10.0% distribution. With these

£53388585838885¢8¢8 - - ; - i
3833285553885 88888888888 |mped|ments against inclusive

e Below food poverty line mmmm Be|ow the lower bound poverty line development and many more past

mmms Below the upper bound poverty line

atrocities of t he

Source: IHS, 2019,

previous suppressive states, the
Figure 18Eastern Cape population poverty levels fro8962018 Eastern Cape has remained
industrially excluded and economically underdeveloped. The relevance of this is that it has
curtailed socio -economic progression whilst creating a fortitude of inequality coupled with

health and social issues, economic disparities and ecological misuse. Ac cording to the

ECSECC (2019:22), the East erlabouCesgrves & awshibel nh @ ® eme

in an underperforming provincial economy manifesting a high rate of unemployment and
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poverty. The ECSECC (2019) highlights that the Eastern Cape has bee n experiencing an
increasing provincial outward migration and evident intra -provincial migration  to places of
economic agglomeration . This has spatially and economically isolated deep rural areas and
led to an increasing demand for essential municipal serv ices in urban areas inthe Eastern

Cape.

The ECSECC (2019) recognised primary economic factors challenging development in the
Eastern Cape, such aveakcuSemay,tthe impakctrofithe &edhaological age
leading the fourth industrial revolution 24 competing with the  current nature of the  labour
market and a lack of access to security of land tenure. These embedded risks require urgent
government, private and foreign direct investment in land development opportunities. In
addition to these economic  challenges, the social challenges highlighted by ECSECC (2019)
are the remaining high level of upper bound and lower bound poverty, an expanding youth
population unable to be ab  sorbed by the labour market, food insecurity and low nutritional
standards, res ulting in the prevalence of health issues. The Eastern Cape faces the disease
burden of HIV/AIDS, tuberculosis, child mortality and violence. Furthermore, specific
environmental conditions, such as a lack of a healthy indoor environment contribute to a

defective health status amoungst Eastern Cape citizens.

In the Provincial Investment Conference in February 2019, the ECSECC developed a
partnership -based investment council aimed at addressing provincial economic drivers

such as the agro -industrial developme nt program. The opportunity to prioritise agro -
industrial logistics infrastructure aligns with the ECPC (2014) through the llima Labantu
key stone development program. llima Labantu is a catalytic flagship agricultural program

for the Eastern Cape aimed at  addressing humans inter -dependence and cooperation for

the benefit of all itsd peopl e. I't is aimed as
developing ancillary industries. This initiative is prioritised due to agricultures labour
absorbing pote ntial and cross -sectional, multi -agent mobilisation. The llima Labantu

program aims to:

0éaddress the food security needs of the provin
itsvaue-add to the oveHBCRC(RO1426)0 n 0o my O

llima Labantu is signif icant for cannabis cultivation in the Eastern Cape by providing a
strategic vehicle in which hemp farming and investment can be packaged and transformed

into a key socio -economic asset. The llima Labantu progra m provides short term targets by

24Fourth industrial revolution is the new age of accelerated technological inimoveriving change in labour and the way
humans live.
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creating the optimal use of land for families and communities whilst collaborating
communal land for productive uses. Through community and small -scale agriculture,
sustainable approaches to farming such as restorative agriculture, regenerative agriculture,

organic far ming, intercropping , agro-forestry and conservation agriculture can be
implemented to increase the sustainability of these operations and work in alliance with

nature. Ilima Labantu intends to provide agro -processing infrastructure to agrarian regions
whil st prioritising water irrigation scheme S to address the water needs for  agricultural ly
productive land. Furthermore, the notion of capacitating capabilities in agriculture is a key

pillar in the llima Labantu program. The development of skills and integrat ion of best
practices for communities is a policy protocol of the agricultural sector in the Eastern Cape
Province. These protocols are addressed by the development of education and training
programs, institutions and research and development facilities. These protocols aim to
harness the knowledge -transfer from subsistence farmers to agricultural development
practitioners and vice -versa. The market penetration for Eastern Cape farmers is aimed to
stimulate and foster stronger local trading networks through cooperatives and enabling
communities to organise  and synergise logistics whilst gaining capital through affordable

and marketable product development packages .

The llima Labantu program offers invaluable opportunities to insert small -scale and
commerci al hemp farming in the Eastern Cape. The agri -entrepreneurship program
cultivates a platform for innovative and community -led farming initiatives to propel the

value -added employment for the agro -industry via commodity speci  alisation and multi -
commodity pr oducts . In addition to these strategies for implementing agricultural economic
revenue, the 2025 milestones for the Eastern Cape agricultural sector is set to employ
140 000 citizens in this sector (ECPC, 2014). The integration the hemp industry can be

enacted to support these strategic policy protocols.

The ECPC (2014) further affirms the need to integrate the youth into agriculture -led
development programs as the drop  -out rate in agriculture is partly due to less participation

from the youth. The multi  -dynamic approach adopted by the ECPC (2014) aimed to
revitalise the rural economy and the proposed intervention of the rising Cannabis industry

can be used to intersect with the challenges a nd opportunities of sustainable farming in the
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Eastern Cape. The a ttractiveness
of Cannabis for agri -business is
occurring worldwide (New Frontier

Data, 2019). And in such fertile RAW MATERIAL

SUPPLIERS: FARMERS

districts of the Eastern Cape , RECYCLING &
SUSTAINABILITY

AGRO-PROCESSORS
Cannabis cultivation can become a

leading competitive advantage.

The alternative hemp industry will
BRAND EQUIPMENT &
provide sus tainable emp|0yment OWMNERS: FINAL PRODUCT RETAILERS LOGISTICS

through a value -added supply
Figure 19:Supply Chain framework and the circular

economy
and the circular economy, health and nutritional value and healthy housing in rural socio -

chain, investment in the bioeconomy

economic spaces in the Eastern Cape.

The ECPC (2014:80) supports 0 St r at eegtivecl.5:dRhpjd development of high -potential
economic sectors 6 this identifies an agricultural str at
facilitating water security. These strategies are to be coupled with the creation of complete

localised value -addition employment and supply chains. Furthermore, through the
guidance of the ECPC (2014), the agricultural sector aims to establish research and
development programmes, improve logistics, ensure agricultural expansion is
environmentally sustainable and coord inate agro -industrial growth through the
Department of Economic Development and Tourism and the Department of Rural
Development and Agrarian Reform. The proposed hemp industry has the potential to

intersect with the policy protocols for the agricultural g rowth in the Eastern Cape. The
tourism sector seeks to compliment the competitive advantages of ecotourism. This can be

gui ded by t he growi ng worl dwi de industry for
manufacturing of hemp  -based products has the potentialt o foster new skills development

in agro -dependent communities. The hemp industry can help address the negative effects

of rural poverty and can combat greenhouse effects within existing resource intensive

industries in the Eastern Cape

The spatial concen tration of agricultural nodes located in the Chris Hani District, the Wild
Coast special economic zone, the Amathole district particularly in Great Kei, Amahlathi,
Buffalo City and Mnquma municipality are key development nodes for the hemp industry.
The OR Tambo district offers localities in the Nyandeni, Mhlontlo and Mibizana
Municipality. A suggestion mentioned by New Frontier Data (2019), is that specialized
hemp -based product development programs can identify and create key competitive

advantages stimul ating the green industrial movement by involving local manufacturing for
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international  exports. The specialization could include hemp bio-based automotive parts
and hemp -based bioplastics for packagingand with different alternative components acting
as pl astic substitutes . These can harmonize with the automotive manufacturing sectors in

the Eastern Cape whilst being a potential opportunity for trade by using the Ngqura
shipment port and the Tambo Springs gateway project . Therefore creating an economic
iden tity in the Eastern Cape as forming part of the bioeconomy contributing to sustainable

hemp practices.

The Eastern Cape Hemp Pilot Project Initiative (ECHPPI) 25 conducted hemp trials to
ascertain whether hemp was a viable crop for agricultural production in the Eastern Cape.
The Phase one timeline was from 1999  -2005. A total of 15 community farms and 6 research

sites were selected for the trial. The pilot project performed in the areas of creating low THC

cultivars with a high fibre yield, optimised the cu [tivation methods, identified strategic agro -
ecological areas and guided industrial application s for specific market entry products.
Furthermore, the results from the pilot study concluded that hemp is a feasible product for

further development. This coerc ed the National Hemp Foundation to enact commercial
research trials for 2010 to 2015 (Sotana, 2013). In order to enable better operations for
farmers, specific strategic interventions were identified for hemp farms, such as; funding

from government departm ents for security, labour, and irrigation. In addition, SAHPRA

must grant permits before September

© On station sites

2020 in order to allow farmers to sow

@ Community sites Maluti®

----- ) - ~ | before the summer season in South Africa.
“szana® | At the time of writing this paper, the legal
_  Tsolo @,

: {d = o7 Libode 10ha
S it Qumi arm of the government for hemp

cultivation has been passed to the DAFF

- fort Hare.

¢ Bartes Figure 201 ocations 6hemp pilot projectsn the
P \ /~ ~®Mthiza 10ha
| Fort Cox - Eastern Cape
= ©Addo” " _

e e iy in September 2020 . This allows for hemp

to be regarded as a n agricultural  crop for multiple uses rather than as a medicinal product

The advocacy of the CDCSA the CDCEC?2¢ and the Green Eastern Cape Professional
Cannab is and Hemp Consortium  supports the opportunity for an educational and hemp
developmental program. Matavire (2020) confirms the notion that the Eastern Cape
government has commenced with the development and legal aspects involving the

developmentofapote nt i al 6Cannabis Coll eged.

2 Further information regarding the cultivation practices will be discussed in the contextual analysis.

26 Cannabis Development Council South Africa and Cannabis Development Council Eastern Ghsegpeguilated platform to
enact positive and meaningful change for hemps sedonomic, environmental and industrial integration into the formal
economy.

48



3. Contextual analysis of the Eastern Cape Province

The research explore s an i ntegrated approach of biophysical, climatic and provincial policy data

of the Eastern Cape coupled with  scientific journal articles to determine the viab ility of industrial
hemp farming in the Eas tern Cape. These will be centred  on the demographic analysis, climatic
analysis and agro-ecological overview of the landscape to support sustainable commercial and

smallholder hemp production

The Eastern Cape is divided into s even district municipalities which cover an area around

169 000km 2 and is the second largest province in the country. The province is characteristically

seen as an area for farming cultivation with large portions of the province holding pot ential for
agricultural investment. The
— Si'—\r\,,q AT - 2 .\3 = %
reputable status of the Eastern Cape |1~ { i e.:'\"‘;;"
= U:", 5 \'\‘ Matatiele \ k™
is the rich bio diversity of fauna and - VRS
A ALFRED /%y
flora and now recent threat of land P Holterseus - JOE GQABI NEO = ana’)
degradation is  impacting the s PO Sz ORTAMED
P '\:E_maldhlen'{__ﬁ,.:\.Engcubo 1 rﬁS‘ms
ecosystem . S CHRISHANI ) S
y velnempa noch Y [ Ty k\\/\
) - 4 E3 o L Mbhashe Nyandeni
e AMATHOLEI™™™" " gy
— Blue o] Amamani G{(:-iat ’mn.‘//
! Dr Beyers Naudé 7\. %‘r]aun[g - . ({;
y SARAH BAARTMAN t"Q E 8
e — Makana ot 3
. [ [ Sundays River Valley t( . \
‘ = — ST g‘\‘"\,__,_ {7 Ndiamne Ngqushwa
s e eovss 4 NELSON
’ ~L R Ceve L MANDELA
el ~_/  BAY
The features of the Eastern Cape which will highlight the opportunity for hemp agriculture is the
high agricultural potential, inter -provincial outward migration, favourable meteorological patterns,

industrial local manufacturing and agro  -processing centres for an export -orientated and local

industry.

The oppor tunity to integrate hemp agriculture with viable product development can synergise with

various inter -sectoral industries to address various over -arching provincial  challenges. The
challenges pertain to ala ck of employment opportunities and localised manu facturing, the need
for farmer empowerment, a sub-standard educational performance and a lack of government
capacity. The opportunity to integrate hemp as a viable crop will intersect with inter -sectoral

government departments such as agriculture, environm ent, industry, education and health
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3.1. Development indicators

The following analysis  contributes to a comprehensive socio  -economic model of the Eastern
Cape and how it pertains to hemp agriculture. All of the maps below were created using
Quantec Easyda ta as a statistical data source. The maps were configured using QGIS and
Python to generate the data layering process.
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Figure 21 Total population

The map shows a high number of
females reside in Nelson Mandela
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Figure 22Total female population
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Figure 23Persons working in the formal sector
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Figure 24Persons working in the informal sectc

The map indicates the
concentration of people working in
the formal sector in the Eastern
Cape. It displays Nelso n Mandela
Bay and Buffalo City as having the
highest and second hig hest
concentration of formally
employed citizens.

The map displays the lack of
employment in the formal sector
outside of Buffalo City and Nelson
Mandela Bay. This urges the
Eastern Cape t o develop an
inclusive formal economy which
can contribute to the economic
rejuvenation of the province.

This map displays a more
dispersed informally engaged
citizenry. With the concentration
in Nelson Ma ndela Bay, Buffalo
City and King Sabata Dalinyebo
municipalities.  This suggests the
opportunity of attaining economic
gain in the most urban
municipalities. This  further
shows the lack of viable economic
infrastructure for rural areas.

Therefore suggesting an
opportunity for agro -rural
intervention to invest in the

training of skilled | abour whilst
uplifting various agro -rural
communities through  hemp
agriculture
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Figure 25Persons with no income per annum

Figure 26Persons earning R(IR4800 income per annum
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The following maps indicate the
mean annua | income for the
popul ation within the Eastern
Cape.

It indicates that there is a
concentration of  citizens within
Nelson Mandela Bay and Buffalo
City, further displaying a fairly
evenly spread range towards the
North Eastern Coast (Gold Coast)
in the East ern Cape. R This
represents the need for strategic
intervention in these
municipalities.

This displays the lowest bracket
of traceable income. The data
represents a below the poverty
line indicator which is u  sed to
gather an interpretation of where
the most economically displaced
and unequal prioritisation of
economic  development  has
occurred within the province
This is analysed in order to align
the proposed intervention of
agro-rural  rejuvenation and
hemp a griculture with  strategic
agro-processing manufacturing
infrastructure  in specific regions
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Figure 27Persons earning R4 8QIR9 600 income per annuni
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Figure 28Persons earning between RGR19200

The map further represents the
severity of economic deprivation
which occurs in the Eastern Cape.
The muni cipalities of:

Nelson Mandela bay
Buffalo City

Mnguma

Mbhashe

King Sabata Dalinyebo
Nyandeni

Engcobo

Ngquza Hill

Mbizane

Matetiele

=4 =4 =4 -8 8 48 -8 4 9 -9

require  strategic  economic
intervention and  economic
opportunities to uplift the
income status of the majority of
residents whom reside within
the municipalities.

A wider range of income
disparity was chosen for this
map. Income revenue per
annum ranging from RO to
R19 200 is spatialized in this
map.

The spread of individuals along
the Gold Coast displays the
need for strategic economic
development within this region
of the province.
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Figure 29Persons with no schooling
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Figure 30Personswith some primary schooling

The following maps show the
various levels of education
within  the province. This
development indicator was
chosen to display the grass
roots levels of education and
the low standard of education
within the Eastern Cape. This
can be integrated with the
opportunity  for agro -rural
hemp intervention due to an

i ncrease i n par
from hemp agriculture or any
downstream value -addition
employment opportunities
thereby allowing for enough
economic revenue to afford

school throughot

upbringing.

The map indicates the range of
some prim ary schooling for
individuals in the Eastern Cape
and it is important to scrutinise
this map in relation to the
population densities map.
However, this map suggests that
some primary schooling ranges
predominately along the Gold
Coast.
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Figure 31Persons who completed primary schooling
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Figure 32 Persons with some sewdary schooling

This map forms part of the

analysis of the  previous
educational demographic spatial

depiction. The varying degrees of

completion of primary school

throughout the province is a

social challenge for the
educational standard with  in the
Eastern Cape.

Figure 32 depicts an assessment
of the standard of education
within the Eastern Cape. The map
displays Nelson Mandela Bay and
Buffalo City with the highest
percentage of citizens wi th some
secondary schooling. This is due
to the accessibility of secondary
schooling services available within
these  district  municipalities.
However, this map infers the need
for a strong educational
development program.
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The map represents persons within
the Eastern Cape who have
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Figure 33Persons with Matric

The specific spatial demographic data above was chosen to display the educationst  andard, gender
concentration, annualinc  ome and formal versus informal status per municipality . These variables
geographically display the areas where the opportunity to intersect the access to opportunity

through the hemp  value -chain can be targeted . However, this is also dependant on the following

the data shown in the next section. The socio -spatial data is indicative of th e economic and
demograp hic status of the Eastern Cape and represents the need for transformative and inclusive
localised labour -absorbing economies of scale. Industrial hemp cultivation, processing and
manufacturing and retail -related market access has the opportunity to provide spatial economic
equality of opportunity  whilst providing being an enabling industry to provide sustainable
generational income for the Eastern Cape.

The two most densely populated municipalities are Buffalo City and Nelson Mandela Bay.
Therefore the need for large scale industrial processing and manufacturing of raw hemp biomass
should be located within these municipalities . The biophysical data following w ill indicate the
regions which are climatically conducive for the cultivation of industrial hemp.
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3.2. Biophysical Properties
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The northern region of the Eastern
Cape is categorised by the
mountainous rise of the escarpment
whilst the coast predominately
consists of steep gorges with river
mouth s entering the ocean. The
shallow plains of the  Drakensberg
mountain range offer conditions
prevalent for hemp agriculture
whilst the eastern coastal region
consists of a more conducive
landscape .

The numerous biomes of the
Eastern Cape offer a unique
opportu nity to grow hemp which
work with nature and in harmony
with the climatic conditions to
stimulate viable hemp production.

The Eastern Cape has a bimodal
rainfall pattern (winter rainfall in the
western region and summer rainfall

in the east). Th is impact s the
understanding of  growi ng periods for
hemp cultivation, t hereby favouring
the easter n region for hemp
cultivation with  the summer rainfall
pattern. Furthermore, the image
below shows the rate of evaporation

in the Eastern Cape confirming the
least eva poration in the eastern and
coastal part of the province.

=)

Figure 37:
Potential

evaporation
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Figure 40Soil potential foragriculture in the Eastern Cape

primarily on the
temperature range rates.

This map indicates the soil potential
for agriculture from the perspective
of the Agriculture Research Council.
This displays the north eastern
region and mid -land region as having
the highest potential for arable
agriculture.

The provincial
temperature ranges

T agriculture in  this
N region . The  coastal

agriculture based

progressively increasing

with the Nama -Karoo
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3.3. Competit ive and Comparative advantages

i) Physical properties

1. Access to ports
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Figure 41intra-

provincial movement  industrial assets and revenue for

The transport network map indicate s the

importance of the three major ports in t

he

Eastern Cape being Port Elizabeth, East

London and Ngqura port. The Eastern Cape

Business (2019) earmarked that a provincial

economic advantage for the Eastern Cape

the  manufacturing and  exporting

is

of

components in the aut omotive industry. East

London has a competitive advantage
exporting a high number Mercedez

vehicles whilst both manufacturing facilities in

Uitenhage (Volkswagen) and East London (Mercedez = -Benz) comprise of a

network direct investment from two Chinese vehicles manufacturers in Coega

Industrial Development Zone, First Automotive Works and Beijin

Corporation create a total of R16.1

Mercedez Benz in the Eastern Cape. Eastern Cape Business (2019:36) states

that :

0The Eastern Cape manufactures half

provides 51%

of South Africads veh

40 000 formal jobsin t he province. 6

The opportunity to intersect the production of hemp

panels and interior parts for automobiles can provide a sustainable identity

for the manufacturing process in the Eastern Cape. Hemp

of

-Benz

vital

provincial economic growth. The foreign

Automobile

-billion invested into Volkswagen and

of

i cl

-based biocomposite

-based biocomposite

materials can li nk with the African Biomass Company which collects

agricultural debris and other offcuts and upcycles them into many usable

forms (Eastern Cape Business, 2019). Furthermore, the  proximity to these

ports provides a reduced logistic cost for hemp -based produ ct exports.

The

opportunity for agro -processing facilities to link logistics costs with farmer

cooperatives can enable a sustainable export based economy of final hemp

based products to all viable international markets .
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2. Amount of arable land

Free State
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Figure 44 Status of land use in terms of agriculture

The land use map depicts the
status of land in t he Eastern
Cape. This displays dryland
agriculture occurring within
the north eastern summer
rainfall region. This may pose
a hindrance for the water
requirements needed for hemp

farming and livelihood
support.
The tribal land under

consideration further boosts
the potential to activate and
harness the available arable
land. This opportuni ty can be
used to stimulate the viability
of the hemp industry to provide
enough raw plant matter to
establish  industrial  hemp
supply value chains and
increase the welfare of the
agro-rural communities in the
area.

The map depicts the farmland
status of the Eastern Cape. By
integrating the opportunity for
hemp agriculture in terms of
the data , one can depict the
spatial opportunities for hemp
agricultur e along the coastal
zone, yet the need to prioritise
hemp farms i n terms of their
proximity to markets and
available logistics
infrastructure and agro -
processing facilities will be
considerable factors when
identifying suitable parcels of
lands.
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3. Spatial concentration of regional economies

! ; NATIONAL SPATIAL DEVELOPMENT PRIORITIES

_ NATIONAL SPATIAL DEVELOPMENT FRAMEWORK: THE IDEAL ‘
POST-APARTHEID NATIONAL SPATIAL DEVELOPMENT PATTERN s ©  ational Urban Regions

National Urban Nodes

Regional Development Anchors
National Coastal Corridor

National Transformation Corridor
National Innovation Belt

Key National Development Corridors

J Import/Export Nodes

W= Key National Roads

Key Regional Roads

Key Rail Routes
Inter-regional Road Corridors
Inter-regional Rail Corridors
Border Posts

Agri-Enterprise and Small-scale
Farming Resource Region

National Resource Production Heartland
Arid-Agri Region

Ocean & Aqua Culture Production Region
Eco-Resource Production Region

National Protected Areas and
Transfrontier Parks

Marine Protection Area

Figure 45Regionaspatial development
]
NSDF SUB-FRAME: NATIONAL SYSTEM OF NODES AND CORRIDORS

L

\ 57 NATIONAL SPATIAL
DEVELOPMENT PRIORITIES

. - .:..,... Modenbing @ National Urban Regions
" ® National Urban Nodes
® Regional Development Anchors
* Rural Service Centres
- National Coastal Corridor
National Transformation Corridor

- National Innovation Belt

: National and Inter-regional
Connecting and Development
Corridor

Figure 46Regional nodal development
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NSDF SUB-FRAME: NATIONAL RESOURCE ECONOMY REGIONS

O

NATIONAL SPATIAL DEVELOPMENT
PRIORITIES

National Agri-Enterprise and Small-scale
Farming Resource Region

. National Resource Production Heartland

National Arid-Agri Innovation Region

National Ocean & Aqua Culture Production
Region

i National Eco-Resource Production
Region

__,}_ 2

. High Value Agriculture Production Protection
Areas

Productive Agriculture Regions

Figure 47Framing the agricultural land for investmen

Figure 49: The Coastal Transformation Corridor Close-Up

COASTAL TRANSFORMATION CORRIDOR

N
“"m.,..Nelson Mandela Bay
-i National Urban Nodes “) Impaort fExport Nodes
. Regional Development Anchors ey Natonal Roads
% Rural Service Centres Key Regional Roads
B National Protected Areas & 111 Eco-Resource Production Region

Transfrontier Parks

Ocean K Aqua Culture Production
Agri-Enterprise and Small-scale Farming
Resource Reglon 1t Key National Development Corridors

Figure 48Policy indicative of potential for agricultural
investment

The Coastal Transformation Corridor
(CTC) prioritises

develop with an integration of agri

strategic  nodal

enterprise and small -scale farming.

The strategic demarcated region for
investment aligns with the recent
promulgation of industrial hemp and

the need to generate revenue within
small -scale farming systems. The CTC
acts as a vehicle in which hemp
agriculture can be packaged from a
pro vincial policy development
perspective. Therefore this strategic
initiative is a corollary for the
implementation of the hemp industry

in the Eastern Cape.
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i) Agricultural analysis with a focus on provincial districts and regional

communitie s

The NDP (2011) aims to create labour absorbing employment and economic participation

in rural areas with higher agricultural output and support to farmers leading to an 11%

increase (1 000 000 jobs) in agricultural related employment by 2030. Reinforcin g the need
for an expanded and diversified profile of tradeable goods from the agricultural sector. The

Eastern Cape Rural Development Agency (ECRDA) (2016) aims to access the dormant
potential of the agricultural sector and use it as a vehicle to ignite s ocio-economic
reinvigorat ion for the rural sector. T he ECRDA identified agro -processing as a key asset to
increasing the value chain in the agro -rural economy. The key challenges to the
implementation and development of these facilities include high mechan isations costs,
transport and opportunity costs to markets, low skills base and a lack of access to inputs

and support services. However, as a strategic response to the challenges of small -scale
farms, the ECRDA established the Rural Enterprise Development (RED) Hubs. The aim is
to development primary production and processing whilst partly retaining the circulation

of revenue within the community. This strategic agro -rural body prioritises machinery and
mechanisation inputs into small -scale farms whilst co  llaborating with the linkage to market
services and the availability of production inputs. The ECRDA RED Hubs have been
established in Mganduli (OR Tambo), Lady Frere (Chris Hani) and Bizana (Alfred Nzo)
(ECRDA, 2016).

Sihlobo (2018) identifies five maj or restrictions against agricultural expansion in the
Eastern Cape Province , being climate change, uncertainty of land reform (communal
tenure), biosecurity risks, water provisions and inadequate infrastructure development.
Sihlobo (2020) identifies  some of these challenges as a result of poor alignment between

government departments, a misallocation of the budget to agriculture and poor coordination

between
private 6.0%

sector and 5 0%

government
4.0%

initiatives.
Whilst

3.0%

2.0%
Bennet,

Ainsile and Lo
Davis (2009) 0.0%

and Dauvis, -1.0%

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
1
1
1
1
1
1
1
1
1
1
02
2021
2022

Ainsil e and

FI nca (2008) Source: Quantec Easy Data, 2018/ ECSECC, 2019,
Figure 50Economic perspective for the Eastern Caf
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identify a lack of a guidance and coherence around communal arable lands as a threat to

enabling farmer productivity in the Eastern Cape . The Eastern Cape Communal Arable
Land Project (ECCALP) aimed to reform and reconnect former communi ties with their pre -
Colonial pastures . Bennet et al. (2009) states that the current restructuring of communal
land is due to the Colonial creation of the homelands which enclosed communities and
essentially removed them from their farming land. However, po or implementation and
complex situations regarding land ownership and allocation is present in agricultural

regions in the Eastern Cape. Furthermore, policy certainty for the private sector with

regards to land reform will attract investment and boost econ omic growth through

agronomic expansion.

Sihlobo (2020) describes the effects of COVID  -19 on the agricul tural sector in South Africa.
The author emphasises th at the agricultural sector has transformative potential if aligned
with policy protocols from th e NDP (2011). These protocols aim to create stronger
infrastructure presence for logistics and agricultural finance. The Land and Agricultural

Bank is aimed at c ultivating financial security via micro -credit loans to small -scale
agriculture through funding from the National treasury and other enterprises. The protocols

of the Land and Agriculture Bank are aligned with the t argets for the ECCALP, thereby
creating a financial and institutional linkage to support and enhance small scale
agricultural programs. Kibirige and Obi (2015) mention the Micro Agricultural Financial
Institutional Scheme of South A frica (MAFISA) which is aimed at linking farmers with
financial aid from banks for increased and improved credit. Furthermore, the Agri -ECisa
specific provinc ial body aimed at agricultural stimulation and policy direction for
agriculture in the Eastern Cape. An interesting point mentioned by Sihlobo (2020), states

that post -COVID -19 agricultural growth and development will be addressed through the
development o f under -utilised land in the traditional homelands, boosting export -led

product developments and investing in agro -processing value -added supply chains with

Biocomposite textile exports in South Africa

1000000
800000
600000
400000
200000

Amount in Rands

Quaterly period for 10 years

Jute and other textile bast fibres (excluding flax, true hemp and ramie), raw or processed but not spun; tow
waste of these fibres (including yarn waste and garnetted stock)

Figure 51 Biocomposite textile exports in South Africa
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upstream and downstream labour . Furthermore , Tom (2020) investigates the effect of the
November 202 0 USA Elections on So ut h Afredibititavithin - AGOAZ27. The journalist
accredits the win of President Biden with a more sympathetic outlook on emerging farmers

in South Africa. This correlates with the possibility of strengthening the AGOA trade

South African

-deal,

how ever, farmer quality outlook must meet global standards which places the

industrial hemp industry in a precarious position in terms of its

potential economic value.

Inthe Eastern Cape, various Agri -
Park

Pixley
ka Seme

initiatives have been

Sisonke

Kokstad

- 3
Ny A

f sty

@ Sterkspruit X Ugu
. i Aliwal North Joe s b’:m
implemente d. These are directed Gaabi o e
in the Butterworth (Amathole), k. @
Chris Queenstown '. Umtata
. . Hani 2

Mtata (OR Tambo District), GrastiReinet @O ‘m,,, T A

Beaufort West o o\ ‘f"‘l 3 .Bullorwonh r
Matatiele (Alfred Nzo), Lady | Amathole

Grey/Strekspruit (Joe Ggabi) and

Cacadu (Sundays River Valley)
municipalities ( DRDLR, 2015) .

2 Bisho

Cacadu s
Grahgmstown,

Plettenberg Bay

The physical structure facilitates an Agri

-Hub which  gigre 52Agriparks in the Eastern Cape

aims to support rural farmers, develops rural farmer

industries operates and act as link for markets with district agricultural production whilst

complimenting supply inputs to

Production Support Unit

processing facilities

s (FPSU) which serves as a nodal integration

. This coupled with the Farmer

point for rural farmers

to remain with in a feasible proximity to the commercial hubs, even if geographically

disparate. This attempts to distribute the accessibility to markets and counteract the past

distortion

of unequal productive land distribution. The Rural Urban Marketing Centres

(RUMC) aims to connect rural and urban farmers with market intelligence whilst acting as

a holding facility for specific products and
informing the farmers of feedback from the Agr i-
hub and FPSU. The diagram beneath illustrates
how an Agri -Park can be conceptualised.

Proposed catchment area in Proposed catchment area in

Component

areas of low density population

areas of high density population

FPSU
Agri-Hub
RUMC

30km
120km
250km

10km
60km

150km

Figure 53:Agripark design concept

The Agri -park concept can be used to develop a

model to enable a viable hemp industry.

27T AGOA (African Growth and Opportunity Act) is design to stimulate stronger relationships and rmashiitkages between

SubSaharan Africa and the United States.

66



iii) District Municipal agri  -analysis

Alfred Nzo District Municipality Proposed Agri-Hub: Cedarville

Alfred Nzo g Vi il |Agrihub: Cedarville| F Vi

Figure 54: Agriculture contr ibutes 12% to the main economic sectors in the province, with
mostly livestock farming. However, the provincial district has high potential arable land for
cultivation and has been earmarked for the investment in sorg hum, hemp, vegetables and fruit
Therefore the opportunity to synergise investment in hemp agriculture with the proposed

alignment of the agri -park and arable land is available (DRDLR, 2019) .

Amathole District Municipality

T, e
T

Proposed Agri-Hub: Butterworth

Na . A

Agrihub: Butterworth| T T ST

s

Figure 55: Agriculture contributes 3%, manufacturing 14% and trade 13%. The district
province is propo sed for an agri -park development in Butterworth due to the close proximity to

the N2 National Freeway and the availability of moderate to high potential arable land. Specific
challenges such as land of resource input and lack of youth agricultural involvem ent
diminishes investor confidence (DRDLR, 2019) .
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Sarah Baartman (Cacadu) District Municipality Proposed Agri-Hub: Addo

Sarah Baartman| '~~~ Toa.) Ty Agrihub: Addo
VAN E o o} \ L < ° ;’1;' g

o ’7 - . ',5‘\‘ - - - ': )
» & ¥ (. ~-:-K \E //U : o ; .
@ - - — = //"' : @

Figure 56: Agriculture contributes 7% of the economic sector. With previous hemp trials
occurring in Addo, the region proves its ability to farm hemp for industrial purposes. This can

feed into the propos ed renewable energy production from biomass in the province (DRDLR,
2019).

Chris Hani District Municipality

H& " svan

Figure 57: The agricultural sector forms a key potential growth factor the district. However,

the sector has received little physical infrastructural investment and therefore there is minimal
development for agro -processors in the sector. However, the need to facilitate small -local
agricultural growth can be incentivised through collective hemp farming cooperatives in the

region (DRDLR, 2019) .
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Joe Gqabi District Municipality Proposed Agri-Hub: Sterkspruit
Joe Gaabi| bR ~ || |[Agrinub: Lady Grey (sterkspruit) ‘
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Figure 58: The agricultural sector ¢ ontributes 6.2% to the district with livestock forming the
primary commodity. The availability of arable land, water and transport connectivity propose
the investment of hemp agriculture as animal feed thereby increasing the health of livestock. A

challeng e isto protect arable land from over  -grazing, stock theft and encroachment into natural
biodiverse hotspots (DRDLR, 2019) .

OR Tambo District Municipality Proposed Agri-Hub: Lambasi (Port St Johns)
Agrihub: Port St. Johna[ln wi‘.\: :
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Figure 59: The agricultural sector contributes 3.5% with trade contributing 18.5%. Port St.
Johns is earmarked for the developmen  t of a district agro -processor. However, land capability

with the region is poor and surface conditions of roads limits travel (DRDLR, 2019) .
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iv) Small -scale agriculture analysis

The shift to small scale agriculture in the Eastern Cape was analysed by Kib irige and Obi
(2015) who focus on the efficiency of small holder farmers in the Eastern Cape, conducting
methodological studies on the agricultur al efficiency of small holder farmers using the
Cobb-Douglas production function 28, The recommendations from this study found that the
government needs to address youth employment programs which aim to upskill and
development youth economic empowerment in t he Eastern Cape. Small holder farmers
must utilize cheaper fertilizers and in crease the use of improved seed genetics , herbicides
and pesticides which allow for an increase in efficiency of farmer output whilst specific
small -scale agro -industries should b e formed in order to fully optimize the value -addition
of an agriculturally active region. Lastly, the alignment of investments from governm entin
agro-industries must be  aimed to diversify downstream employment options for rural
communities whilst providi ng a mutually reinforcing increase in the efficiency of farm
output compared to the input supplies from targeted government investment (Kiribige and

Obi, 2015).

Manyevere, Muchaonyerwa, Mnkeni and Dhau (2017) studied selected soils in the
Zanyokwe region 20 in the Eastern Cape to understand what the best management practices

would be for smallholder crop management. The study aimed to address yield gaps 30 in
smallholder farms. Due to smallholder farmers lacking resources and having poor access

to services, the addition of organic and inorganic fertilizers and management of crop
residues are inconsistent. Many biophysical constraints affect micronutrient availability in

soils, such as topography, climate and parent material yet anthropogenic actions were also

found to deter the health of the solil for crop growth. The study aimed to identify the levels

of Zinc, Manganese, Iron and Copper in the region which is under the influence of the
Zanyokwe Irrigation Scheme.  Manyevere, Muchaonyerwa, Mnkeni and Dhau (2017) found
that the soil nutrient status under the irrigation scheme lacked zinc which led to
inconsistent yield gaps. Whilst the Water Research Commission (2010) identified socio -
economic constraints such as a lack of capital and unstable markets which hinder th e yield
of small -scale farmers in the Zanyokwe region. Furthermore, the constraints relating to
agronomic management such as; weed control, plant population management, water
management, correct planting time and choice of cultivars were seen as alack of technical

know -how of some small -scale farmers in this region.

28The CobkDouglas production function measures technical and allocative efficiency using input costs and variables amoungst
other data to formulate the efficiency of a farms productivitybfge and Obi, 2015).

221n the Amahlati Local Municipality consisting of six villages being Zingcuka, Kaumma, Lenye, Burnsill, Nggumeya and
Zanyokwe.

30 Difference between yield potential and long term yield averages
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In another study conducted by Ntsonto

(2005) focusing on the economic

SOUTH

performance of the Zanyokwe Irrigation AFRICA

Scheme, the evidence revealed that weak

government institutions and poor extension ||\ N\ .
services of ward members was a major
constraint in allowing for the successful

progress of small holder farmers in the

BLLLES!

Zanyokwe region. LS,
i Burnshill LEGEND p—
I” ) Booster station 32aeZ ST
Fanadzo, Chiduza and Mnkeni, (2010) AN & \\atertreatment works
/ [ | — Pipeline
discuss smallholder irrigation schemes and / —_— et
the relationship between the performanc e | e TopTE e
of these systems and farmer crop Figure 60Zanyokwe study region
management.

Figure 61The Irrigation scheme Irrigated area (ha) Area per farmer (ha) Number of  Irrigation system Year of

- f farmers establishment
capacity o Zanyokwe 239 42 61 Sprinkler 1984
irrigation Tyefu 641 0.4 1678 Sprinkler/drag 1983
systems in the Keiskammahoek 744 5.1 147 Sprinkler 1976

. Shiloh 455 1.6 278 Centre pivot/sprinkler 1970
surrounding  Qamata 1959 2.0 1000 Flood 1968
regions Ncora 2490 9.2 272 Sprinkler/drag 1976

Fanadzo, Chiduza and Mnkeni, (2010)  found that planting density and crop mix, nutrient
management, crop protection, water use and management and crop cultivars and vyields

and land use intensity are the key crop production practices for farmers. However, in the
Eastern Cape, Fanadzo, Chiduza and Mnkeni, (2010) explains the lack of synergistic and
comprehensive farmer crop production practices negatively impact the optimum use and
sequential productivity of s  mallholder farms.  Smallholder 3! farmers in a South African
context have been classified within certain criteria such as; land size, income level, purpose

of production and racial grouping (historically disadvantaged) (Pienaar and Traub)

31 Many interpretations of smdilolder farmers are analysed in a South African context (Pienaar and Traub, 2015).
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v) Hemp trial anal ysis

The Eastern Cape Hemp Pilot Project Initiative (ECHPPI) established a three phase

scheme for hemp agriculture. The map beneath illustrates the specific sites which were

selected for the hemp cultivation processes. T

hese

32 rollout

were industrial hemp t rial tests to

determine whether the Eastern Cape can support hemp crop development.

The Agricult_u ral
Cultivation of low Research Climate
THC and high fibre found hemp 1 & 2
yield in agro - to be the best
ecological areas performing in
terms of fibre

———

The employability 5 jobs per hectare of
ECHPPI of industrial hemp farm
farms

Industial insultion, hemporete
applications and , Nemp '
automotive panels,
market r it
awareness cosmetics, nutriton,
textiles

——

Impa ct on hemp cultivation:

0 Weather patterns and
water availability

0 Land permission and
preparation

0 Resources (funding,
equipment, seed,
labour)

0 Maintenance and weed
control

— 0 Seasonal planting

times

0 Seed genetics
o Farmer commitment
and social participation

0 Human s ki
development

0 Business model and
competitiveness

0 Security in access to
markets

Methods used:

NORTHERN CAPE
Spacing & Density (12.5cm,
25cm & 50cm)

Weed Control

Fertilizer trials

Irrigation requirements WESTERN CAPE
(whether it be dryland,
medium moisture or high
moisture)

Economic viability of hemp =
Nutritive factors for livestock
performance

Breeding program

Control of nematodes
Retting of hemp

© On station sites
© Community sites

KwazuLu,
NATAL

ORANGE PREE STATE

10. Product development

Figure 62 Spatial location of Hemp Trial testt

32Phase 1 from 1999005, Phase 2 from 20015 and Phase 3 from 202620.
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employability factor of each different
production line involved in the
xperiment of hemp farmin . Th . . . _
experiment o emp fa 9 € ::;2:;:’::“'“" nd 160 Oil pressing facility %0 ?:S:‘;'"”’mm"” 70
number indicated in the figure on the
Spinning facility 90 Cosmetics S0 Analytical lab facility 10
right represents the  employability of | . .. s Powempowdermiig g, s o
(3 777) mU|tIp|e hemp product Zelfo hfnards 100 Feed production 200 THC medicine? 10
Insulation 100 Snacks 100 Roots and tonics 50
development avenue S. Thls flgure was Hemp crete production 100 Bath and Massage oils 90 Vapourisers 50
Happy Homes 1000 Ointments S0 Waste management 90
done during trial tests and possibly Non wovens 100 Biodiesel 180  Security %0
Pellets for biofuels 20 marketing 920 Training 50
was Ilmlted by the natu re Of a Bio-compasites 540 NHF & industry association 36 Accounting 1
Total number 2300 1036 441

sustainable  value -added  supply
Figure 63Potential labour absorption of hemp value

chain. Therefore, the scalabil ity of added enployment

farms may increase the amount of
people employed whilst adding ancillary employability  through logistics, retail and

manufacturing.

Blouw and Sotana (2005) investigated agronomic data pertaining to four different European

hemp cultivars planted in the Eastern Cape. The experiment conducted field test trials to
determine the suitability of the Eastern Cape for hemp fibre production and the adaptability

of European strains. The four different hemp cultivars 33 were guided by different agronomic
paramet ers on two agricultural research sites, Addo (Sarah Baartman District, Sundays
River Valley municipality) and Dohne (Amathole District), in collaboration with the
Agricultural Research Council d Institute for Industrial Crops in the Eastern Cape (see map

below).

The parameters were different row
spacing, seeding rate and population
density of hemp whilst also determining
the suitable weedicide control for hemp.
These studies were conducted in 2000
S and 2001 with the results concluding

that the optimum row spacing for the

same cultivar is 12.5cm and 50kg of the

ie0rge. o 7 E 7~ —*RoitiElizabeth

- seeding rate. The results also proved that
Figure 64The Eastern
Cape showing Addo and
Dohne

the range of hemp yield (19.5% -23.65%) with different row spacing was

marginal. The treatment of weedicide marginally affected the hemp yield

33 Novodsaska (Previous Yugoslavia), Kompolti (Hungary), F84rend Futura 77 (France).
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from Novosadska (20.7% -25.2%), Felina -34 (19.9% - 22.6%) and Futura 0 77 (20.3% -
23.1%). It was concluded that there was no significant different of percentage fibre yield

between chemically treated cultivars and non -treated cultivars. The final remarks made by
Blouw an d Sotana (2005) was that the hemp fibre yield in the Eastern Cape is comparable

to other hemp growing countries with the most appropriate time for seeding  in October and

November.

Lewis (2020) discusses the policy status on cannabis  and hemp in the Easter n Cape. To
this extent, the author addresses the opportunity to stimulate a national inclusive cannabis
economy through various national and provincial implementations. Specific prospects such

as a provincial cannabis economic plan and investing in former homelands of the Eastern
Cape are aligned to foster a sustainable agricultural, industrial and social growth path for

the province. Furthermore, Lewis (2020 :5) postulates the need to prioritise traditional
growers with the Mpondoland region which forms par t of a beéltd&agnghe Eastern
Cape to Kwa-Zulu Natal. This suggestion is due to the historical culture of cannabis
cultivation for the past 100 years. Specific indigenous knowledge systems have been in
practice for generations which have harvested u nique cultivars of landrace strains in the
Eastern Cape 34. The significance of this is that the farmers in the region are using
intergenerational farming methods to cultivate cannabis which can be directed adopted into

hemp farming. Providing a rich diversi ty and supply of industrial hemp from rural farmers.

Lewis (2020) explains the indigenous methods of small -scale hemp cultivation which are
used in the Ingquza Hill Municipality (Mantlaneni village) which irrigates their land using

pumped river water. Vari  ous methods are sequentially adopted by other cultivators which

provides a viable small -scale hemp farmers market that can supply agro -processing
facilities.
It must be emphasised that although the synergistic opportunities to in tegrate hemp

agriculture in to agro -developments exists, there remains hindrances for the economic
sustainability of small  -scale farmers with the Eastern Cape. Therefore, the heavily awaited
National Cannabis and Hemp Master Pl an will be used to develop the p  rovincial cannabis
development plan that may  enable the local growers to have market accessibility into the
economic framework. Various recommendations are mentioned by Lewis (2020) which
propose a stronger political, economic and social integration for hemp cultivation. The

autho r suggests better public education around hemp, technical support programs for rural

farmers, investment promotion into sub -regional farm lands, market accessibility, investing
in the Lusikisiki research hub, municipal support and public sector monitoring. The
feasibility of the hemp industry rel ies on the harmonious coordination and mutual
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reinforcing nature of government departments whilst using policies and development
strategies to harness the hemp industry so that there can be a viable economic base in

which farmers are insert their lands potential for biocomposite materials and CBD oils.

The Statement of the status of the Eastern Cape Cannabis Project was released on the 14 th
October 2020 (Sotana, 2020).  This document revised the technicalities and m  ethodology
used in the experimental trials in the Eastern Cape. These elements addressed the
agronomic practices needed for hemp cultivation and the various findings from the trial

tests (as previously mentioned) . Furthermore , hemp permit conditions and requirements
were established 35. These gave regulations for establishing hemp farms and specific
protocols to abide by if you have applied for a permit. Sotana (2020) revealed the most
current challenges facing hemp farmers in the Eastern Cape. These included the need to
evolve the permit from research status to commercialisation , the revival of the Hemp SA
trust, hemp permit application must be governed by the Project Manager, the need for

product development, allowing hemp seed breeder to continue, the infra structure needed
for security fences must be provided through government subsidies whilst contributing

towards the input costs per hectare for small -scale farmers and lastly, the need to pursue

investment for farmers to be able to cultivate standardized he mp crops.

| tat t of the Stat
n a statement of the Status Hemprelated exports

of the EC Cannabis Project, 1500000
Sotana (2020) alluded to the
0
. . e}
construction of business &% 1000000
model needed to harness the £
c
full  capability of the 5 500000
cannabis and hemp farms. =
The Community Public 0 e P
Private Partnership (CPPP) is 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

. ) Annual progression
geared for a revival. However, True hemp (Cannabis sativa L.), raw or processed but not spun; tow

. and waste of true hemp (including yarn waste and garnetted stock)
the model consisted of:

True hemp, raw or retted

Figure 65Hemprelated export graph . Farmers/community in
ownership of private or communal land and tribal land in the six
kingdoms of the Eastern Cape to be engaged.

- The private sector to initiate off -take agreements, skills training,

knowledg e transfer, education, investment and management.

35The hemp research and development permit conditions and requirements for farmers will be discussed in the annexure.

75



- Public sector to provide funding for resources and infrastructure whilst

complimenting production and marketability through exports.

Furthermore, accordingto NA  MC (2017), the below table  surmises the via bility of developing
hemp field tr ials in South Africa in 2014/2015 if the tests were to become  an internationally
competitive industry. The information displays the balance of total income minus expenses.

The value is in proportion to a 1 Ha facility. The total income according to the NAMC (2017)
was calculated to be R 5 500 per hectare. The strategy and specific agronomic practices
were concl uded to be inconsistent and there were reported internal challenges within the

hemp farm trials. A key point of ob servation is the relative increase in price of demand for

Projected Income statement for SA's hemp trials if they are | hemp products and
capacitated to reach ideal international yields hemp raw materials
Model for farming hemp since the field trials
Stat it 1h .
m;;r:en : were conducted. This
Seed R 50,000.00 .
Staks R 30,00000 will prove to be a
Leaves R 18,000.00 . . .
Total Income R 98,00000 significant factor in
Expenditure
_ . Soil test R 500.00 Conducting hemp
Soil preparation and planting R 6,000.00
- R0 field  trials and
Fertilizer R 7,000.00
Labour R 50,000.00 H
— e commercial hemp
Electricity R 7,000.00 . .
Total Expenditure R 83,500.00 farmlng in 2021'
Gross Proft / Loss R 14,500.00
Other expenses
THC test R 5,000.00
ARC workshop R 3,000.00
permit costs R 1,000.00
total other expenses R 9,000.00
Total loss / profit R 5500.00

Figure 66Project revenue statement
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4. The Viability of alternative hemp  -based products
4.1. Applications of industrial hemp
Industrial grade hemp is a versatile and muli -applicable plant material which can be used as seed,
oil and fibore. Hempis an appropriate crop for industrial applic  ations as every part of the plant can

be used and th e many applications are derived from different

anatomical structures of the plant . The focus of this section is
to investigate hemp as a bioaggregate building material
(hemp crete, hemp insulation panels ), hemp fibres for the
production of bioplastics (biodegr ~ adable composite materials),
hemp as a biofuel (renewable source of biomass for electricity
and heat generation) and hemp as a textile substitute (  apparel,

fibre boards and rope)

The following subsec tions will aim to clarify the composition of

the materials, the viability of production of these materials

based on the net energy yielding rate and performance as a n Figure 67Hemp product
energy efficient product whilst attempting to extrapolate the potential

economic perspective ofind ustrial hemp production for  sustainable product development. Due to a
lack of accessible South African scientific data into viable hemp -based products, the following
subsections utilise international best case studies. However, where applicable, South Afri can hemp -
based product development information will be analysed. This poses a limit to the research as the

various meteorological  conditions, agronomic practices and soil properties in South Africa differ as
compared to those abroard . These climatic condit ions may affect the composition of lignocellulosic
properties within the industrial hemp plant. There may be alocked landrace strain in South Africa
which may further support a high -yielding, drought resistant, fast -growing and synergistic

component forr esearch.

The economics of production  and scalability factors  regarding industrial hemp  farming has various
controls which pose a stringent analysis in order to correctly determine the viability. These controls
are the:

location of farms,

use of the crop

average dry yield per hectare in kilograms,

average price per kilogram

costs of production

gross profit margins
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4.1.1.

Due to the restricted timeframe,

production

regarding South African hemp f

arms coupled withthe  COVID -19 travel restrictions

sections analysis attempt s to extract foreign price ratios whilst

African perspective.

lack of accessible feasible data and undetermined average costs of

, this

using existing data from a South

Figure 68Some of the potential

uses of hemp
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Building applications: Hempcrete
a. Whatis it?
The construction ind ustry is a large emitter of
carbon dioxide in South Africa whilst continually
consuming non -renewable energy in the
operational stage. The notion of geoengineering is
a deliberate endeavour by humanity to manipulate
the environment by implementing carbon d ioxide
reduction (CDR) methods coupled with bioenergy
for carbon capture and storage (BECCS) (  Monika
(unda ted)). Therefore, introducing hemp as fast
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Figure 69Hempcrete benefits

hur dos
-like
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He mp

of hemp as a bio aggregate building material reduces the embodied energy of the building

throughout the life

-cycle analysis . Lime-hemp-based concrete (hempcrete ) is also known as a

cellulose -aggregate concrete, agro -concrete or vegetal concrete. When hemp is applied as a

buildin g material for construction

phase, operational stage and post  -construction stage

its energy performance throughout the pre

-construction

displays hempcrete as a carbon negative
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building material.  This is due to the carbon sequestration of the plant during g rowth phase, the
minimal carbon dioxide emissions during manufacturing, the storing of carbon  when performing
in the building and the ability to reuse the material after construction for multiple different

purposes thereby integrating it as a renewable mat erial within the circular economy. The
behaviour of hempcrete differs in comparison to conventional construction materials

(red clay bricks, cement blocks). The benchmark characteristics of this versatile
composite are that it is lightweight, has good mois ture buffer capability, low thermal

conductivity and very good acoustic insulation (Jami et al. 2019).

b. The types of applications and energy efficiency

The rise of energy efficient and eco  -designs in construction represents the need for new
build ing materi als and specific technologies which can lead to a decrease in the

consumption of energy with  a reduced embodied energy of materials used.
Hemp concr ete insulation panels comprise  of:

b Wall insulation

b Roof insulation

b Sub-slab insulation
b

Window insulation

According to Jami et al. (2019), t he performance of the Cannabis Sativa L . plant as a

building material  can be grouped into eleven  diff erent subsections:

9 Binder Characteristics:  The binding component of  hempcrete is a lime -based binder.

This binder is prima rily used due to its large abundance and distinctly low emission
when in the manufacturing stage. Another essential reason for lime being the primary
binding composite is due to the high compatibility with hemp hurds and i t aperty of
low elasticity mod ulus (malleable material). Furthermore, hydraulic lime and water is
the preferred binding agent with hemp hurds. When hydraulic lime mixes with water it
rapidly increases in strength and water resistance throughout substrate aging.
Hydraulic lime has pozzo lans 3¢ which mix with the hemp hurds and then petrification
occurs, this describes the hardening of the mixed material to fossilization (Novakova,
2018).

1 Density: The density of the hempcrete is much lighter than that of the cement based
concrete. Thisis due to the aggregate of the concrete being made of hemp shivs /hurds
which is far lighter than the aggregate used in cement concrete, which is

rock /sandstone . Various researchers have investigated the density of hempcrete with

3¢ Pozzolans are a silicate compasit which react with calcium hydroxide within hydrating cement which allows for the
development of a more cementitious final composition.

79



conclusive data showing that recent advances in the manufacturing process and the use
of different binders for mix have allowed for varying densities and a mixture of quantities
to optimise the specific quality of final material to match the environment i n which the
mix will be used . This is due to each plant having different textural strengths with
regards to the amount of  hurds within the plant, how it grew and other agronomic
variables. Therefore the density of the material does vary more frequently than
conventional building materi  als. Although this occurs in manufacturing, it confirms that
there is a link between the density of the materials and its thermal performance.
Accordingto Jami  etal. (2019:5); ¢ the thermal conductivity of lime -hempcrete increases
by 0.005W/m.k (watts pe r metre kelvin) 37 for every 50 kg/m 3gainedé t hereby di s
a high thermal capacity.

1 Compressive strength:  This aspect in  a building material  is of utmost importance. It is

indicative of the amount of resistance of a material, without changing shape or breaking
against weight or forc e. The compressive strength of  hempcrete is much smaller than
that of cement. A higher compressive strength factor can be ascertained when cement

is added to the lime -hempcrete. The material perfo  rms intrinsically well in ea  rth quake
prone areas, due to its low -density and resistance to bend or break (Jami et al. , 2019) .

1 Flexural strength:  The flexural strength  of a building material  represents the ability of a

material to resist bending. With regards to hempcrete, the stiffn ess of the material is
determined by the type of binder used. However, due to the increased carbonation over
time, specifically for hempcrete, the stiffness increases over time  (Jami et al. (2019).

1 Shear Behaviours: A test performed by Chabannes et al . (2017), confirms that hemp

concrete has a strength of 0.36MPa 38, This value is proposed as a safe and appropriate
shear strength for the purpose of building design.

1 Thermal properties: Hempcrete is examined to have a high thermal capacity as opposed

tothe standardized cement -based concrete. According to Novakova (2018) ,the R -value 39
of hempcrete is determined by the thickness of hemp mixture. However, an interesting
note is that there is a 45% reduction in the amount of energy consumed used when
hempcrete i s used, as opposed to concrete (being 0.18 k  2/W). Interms ofthe U  -value 40,
the thermal transmittance of heat is primarily based on the density of the composite and

the thickness of the wall in conversati on. A study conducted by Sutton , Black and

2 & LISNI YSGSNI YSEOAY | RRNBaasSa GKS GKSNXIE OagRdzOUGA DA
homogenous material.

38 A Megapascal (Mpa) is indicative of the compressive strength of a material. This explains the amount of pressure (weight loa
and bearing) which can be applied before a breakage in the material. The higher the MPa, the shvemgaterial.

39 The Rvalue measures the thermal resistance properties of a material used in construction. It can be shown to represent the
heat transfer per unit of an area.

40The Uvalue is a measures of heat or energy lost through the transmittance
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Walker (2011), found the U -value of hempcreteto be in between 0.08 and 0.13W/m  2K41,
Accordingto Evrard etal. (2006), hempcrete is found to have a heat capacity 1500J/kg.K
inanon -moist state. This value canincrease as the relative humidity of the air increases

This value for hempcrete is much higher than the conventional cement concrete used in

buildings all around the world. This is due to the reduced energy consumption and
healthy microclimatic conditions of hempcrete in building environments

1 Hygrothermal b _ehaviour: this component of a building materials Operformance indicates

the physical changes exhibited by the material when in contact with differing levels of

heat and moisture. Indicative of the materials ability to absorb, store and release heat

and moi sture. Hempcrete displays a high performing moisture buffer value. This
indicator reveals the materials performance with regards to its ability to take -in or
release moisture at different levels of re  lative humidity (Hussain et al. 2019). T he
concluding re marks of the moisture buffer value signify that the higher the value, the

better the ability of the materials performance with regards to regulating humidity. It is
important to consider th e coating of the exterior wall in terms of its ability to absorb
moisture and thermal conductivity. These variables of the coating affect the performance

of the hempcrete and may leave it susceptible to the growth of mould. A point to consider

is the performance of mortar joints between bricks. This performance indicator does
affect the heat fluctuation of the building material.

9 Acoustic properties:  The acoustic properties of hempcrete have been identified to have a

good level of acoustic insulation. Jami et al. (2019) is that the density and porosity of
the material does not determine the absorption of acoustics of hempcrete. It was found
that the major constituents of this property is determined by the chemical composition
of the binder.

1 Reaction to fire: This component determines the buildings safety and can be on the

determining factors that ensures this sustainable building material can be issued with
a safety permit for a building. With not many studies being done about the fire safety of
hempcrete, there is more research and avenues of testing to perform before the data can
be organised into a building safety parameter.

9 Durability : This determining factor of a building s performance guide developers,
architects and other construction team members of the materials ability to be resistant

to freezing and thawing, to sa It-exposure and to biological deterioration. With past

archaeological findings showing that hemp used in construction still remain S intact,
after thousands of years of exposure to harsh climatic conditions, indicates the ability
of the material to endure e xtremities with structural integrity . However, the ancient

composition of the materials do not align with recent scientific investigations of

41 The number of watts per square metre directly per degree of temperature difference between the two sides of a material.
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hempcrete. Hempcrete was found to have a weak -resistance to freezing. Due to the
reduction in mass from the freezi  ng and thawing of the product, thereby reducing the
compressive strength of the material. Hempcrete has a good resistance to salinity, due

to the large pores in the product not allowing for the crystallization of the sodium
chloride. There was no biologica | deterioration found in hempcrete, due to the lack of
nutrient based composites which allow for microbial growth in the material. More
studies are being conducted on the ability of the material to perform better under
freezing conditions.

1 Environmental ¢ _redential: Hempcrete is considered to be carbon negative. This is due to

the plants ability to absorb carbon dioxide and release oxygen in the growing phase of
the organic matter. Carbon dioxide is then released in the manufacturing process of the
material through the carbonation process in the drying stage. Afterwards, during the

performance of the hempcrete, carbon dioxide is stored by the product.

o, biogenic CO2 carbonation =B
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Figue 70:Life-cycle assessment of hempcrete in terms of carbon sequestration

Hemp insulation panels provides a well -balanced, microclimatic feature by having a natural

pro tection against mould, pests and decay whilst creating a healthy indoor environment for its

occupants . Hemp reinforced concrete is a composite material which uses hydraulic cement mix
reinforced with discrete hemp  fibres . Furthermore, an analysis conducted by Ghalieh, Awwad,
Saad, Khatib and Mabsout (2017) investigated the use of hemp fibre reinforced polymers (FRP)

as a structural contingency to support concrete columns. This investigation found that various

stress strain curves 42 and axial stresses could b e addressed by a hemp fibre polymer with a
bidirectional hemp epoxy.  The results found that the hemp FRP has a high ductility 43 when used

as structural reinforcement . It is proposed that these applications can be used for bridge

42 Stress strain curves describes the relationship of a materials stress and strain.

43 Ductility is the ability of a structural design part of the structure to experience inelastic deformation prior to collapse
without a substantial loss in the resistance factor. The ductility is affected by the slenderness of the column ratia @alicc
2017)
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reinforcements and roads str  engthening designs.  This advances the applicability of hemp as a

fibre concrete reinforcement for a worthy investment consideration.

Financial viability

Scrucca et al. (2020) investigated the financial market analysis of hemp exports from
France in 2016. The data found that the various applicable parts of the hemp plant were
sold at different rates for export based on their market value in the year 2016:

- Seeds (growing 9088 tons/year )

- Fibres (growing 20 005 tons/year)

- Hurds (34 080 tons/year) will be the f  ocus in this specific section.

- Dust (11 212 tonslyear)
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Figure 71 Productionassessment of hemip a study conducted in France

Therefore, the higher the
quality of hemp hurd &, the higher the market price was for specific industrial related
companies. Scruccaetal. (202 0) indicates that the cost of the raw material represents a
20% to 30% value of the selling price if the final product were to be locally manufactured.
Therefore, this represents a significant opportunity to align local manufacturing agro -
processing facili ties and production line s with the creation of  value -added products in
the Eastern Cape which can offer high -quality hemp bio -based concrete with multiple
avenues into various hemp structural reinforcing products. However, the opportunity to
offer hemp hur d& as raw material for export still remains viable within the context of
biocomposite export related market analysis (refer to FEigure 51: Biocomposite hemp

export related graph  in contextual analysis section) .
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4.1.2.

According to Novakova (2018:5), the ~ specific amount of raw material required for various

applications is tabulated  below:

Figure 72Volume of This displays the large volume of shives required for the production
biomass requiredor

of different building applications. This understanding demonstrates
hempcrete

the challenge for farmers to produce la rge quantities of hemp.

Hemp -fibre reinforced polymer structures

What is it?

The interest in natural fibres is increasing

worldwide. Natural fibres offer good mechanical

properties, low initial cost and an ability to be
reinforced with composites to substitute
conventional synthetic fibres. Natural fibre

reinforced plastic as a hemp bio product can be
developed into many different applications . With
the introduction of  hemp thermoplastic polymers,

the potential for low density, increased energy

recovery, recyclability and  a high strength to mass Figure 73Applicable anatomicatarts of
ratio proves that  hemp -fibre integration offers a plant for production

sustainable and viable alternative for synthetic plastic components . The manufacturing of this
composite can be adopted into existing petroleum -based plastic man ufacturing facilit ies
(Wu, Xia, Cai, Chi, and C heng, 2018 ). Hemp -based b ioplastics 44 could synergise with
other plant matter thatcontains a high lignocellulosic derivative to increase the financial
feasibility of th e project t hereby combining hemp with oth  er vegetable derivatives 45.
Dhakal, Ismail, Zhang, Barber, Welsh, Maigret and Beaugrand (2018) explain that

banana contains an excellent mechanical property relative to tensile and flexural
strength, thereby impacting the direct, indirect and operational en ergy consumption of

products . The selection of cultivar s46 with specific performance of high fibre yielding

4 Hemphbased plastics can be suitglsthanufactured to have specific mechanical and chemical properties to suit a purchaser.
Therefore hemp can be a blmased ethylene, a compostable polymer, in an HDPE matric and as an acrylonitrile butadiene
styrene (ABS) which is used for injection moudin

4 Flax, Jute and Sorghum.

46 Clarke and Merlin (2017) mention the use of a strain called Kompolti TC.
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