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Abstract

Background The growing demand for eco-friendly food and industrial products have renewed interest in industrial
hemp which is a low-cost, biodegradable, sustainable, and multi-purpose plant. Many countries in Europe and Asia
have changed their laws to take advantage of the tremendous benefits that industrial hemp present. However,

the development of the sector in Scotland is very slow due to stringent laws. The goal of the present study is to pre-
sent policymakers with economic data on the current and potential market opportunities for industrial hemp, trends
in new product development, and the state of the hemp supply chain. This study entails desk-based research pri-
mary and secondary data analysis. Primary data were collected from farmers in Aberdeenshire and Scottish borders,
and secondary data were collected from the FAOSTATS Office of National Statistics and the Global New Product
Database.

Results The results of this study show that the opportunities from hemp seed and fibre are vast: hemp can seques-
ter more carbon dioxide than traditional crops can, improve soil biodiversity, extract toxins from soil through phy-
toremediation, be used as an eco-friendly insecticide and pesticide, and provide an excellent source of protein,

fibre and micronutrient vitamins and minerals, as well as a range of bioactive phytochemicals. The GNPD reveals

that over 4000 hemp-based products have been launched worldwide. However, the supply chain for Scottish-grown
hemp faces significant bottlenecks. The sector lacks a well-established market route, faces a high licensing costs, lacks
hemp seed-pressing centres, etc.

Conclusion This study is relevant because it is the first study to provide a comprehensive analysis of the industrial
hemp sector in Scotland. This study makes time-bound recommendations to grow the hemp sector in Scotland,
which include regular extension services, easy access to licences for production, the establishment of a hempseed
and fibre processing plants, and seed production centre.
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Introduction
Hemp is one of the world’s oldest economic plants. It
was developed from wild cannabis plants. Although
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Industrial hemp (Cannabis sativa L.) is different from
sunn hemp, water hemp, hemp sesbania and hemp dog-
bane, but it is in the same family and species as mari-
juana. The main difference is based on the concentration
of delta-9-tetrahydrocannabinol (A° THC) in both spe-
cies. By law, the threshold of A’ THC in industrial hemp
is 0.2% on a dry weight basis for the UK [47], whereas in
the US, the threshold is pegged at 0.3% A’ THC on a dry
weight basis [5].

Before 1000 BC and until the late 1800s, cannabis was
used to produce a myriad of necessities, such as cordage,
cloth, lighting oil and medicine. Industrial hemp is nota-
ble for producing strong and durable natural fibres; it is
also used for the manufacturing of fine cloth, rope, twine,
canvas and sacking [20].

Hemp was first introduced to the British Isles through
European Celts and Picts. Its presence in the UK has
been traced back to 343 BC [43]. Hemp was mandated
in the British Isles, and as far back as 1175, it was listed
as a commodity subject to tithe by the council of West-
minster [68]. In the late 1500 s, Thomas Fella suggested
sowing hemp for use as fibre and food, as well as for its
medicinal properties and oil. This led to the growth of the
hemp industry in Britain. To meet the domestic demand
for sailclothing and cordage, hemp was imported from
Baltic states and Italy, which supplied the finest grades. In
1781, the British government granted a bounty for hemp
and flax to encourage farmers to grow it. The production
of hemp was encouraged not only in Britain, but also in
British colonies. In Britain, Lincolnshire, Norfolk, Suf-
folk, Dorset and Kent are the main growing counties due
to the high demand and profitability of hemp production
[43].

In Scotland, hemp cultivation has been documented
as far back as the eleventh century [118]. The evidence
suggests the cultivation of hemp in Scottish regions
such as Dumfriesshire [99] in the eighteenth century,
as well as in Lewis [70], Islay [100] and Galloway (Kirk
Session Minutes, 1724). According to Whittington and
Edwards [118], surrogate evidence such as place names
suggests the cultivation of hemp in the following areas
in Scotland: “Hemphill (Kilmarnock parish, Ayrshire),
Hempland (Torthorwald, Dumfriesshire), Hempriggs
(Wick, Caithness) and Hempy Shot (Oldhamstocks, East
Lothian). The earliest occurrences traced include Hemp-
buttis (from 1556 in Auchtermuchty, Fife), Hempriggis
(from 1571 in Alves, Morayshire), Hempisfield (from
1642 in Plenderleith, Roxburghshire) and Hempshaugh
(from 1663 in Selkirk)”

Industrial hemp was widely used in the UK until the
twentieth century, when synthetic fibres, cheap and
abundant jute and cotton made hemp uncompetitive (H.
M. G. [27]). The decline in the industrial use of hemp was
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gradually replaced with the misuse of hemp as a psycho-
active agent. This resulted in European and North Ameri-
can countries banning the cultivation of cannabis [26]. In
1928, an act was passed that ultimately prohibited hemp
cultivation in the UK [67].

Despite the decline in the area allocated to hemp pro-
duction from 403,000 ha in 1984 to 74,000 ha in 2003,
hemp has become attractive for sustainable fibre produc-
tion [46]. Hemp has the potential to improve soil struc-
ture [28] and suppress weed growth and disease resistant
[26]. van der Werf [118] concluded that hemp is the ideal
crop for sustainable farming systems. Hemp fibre can
replace cotton fibre, which relies heavily on irrigation,
fertiliser and pesticide use [88]. In addition, the use of
hemp fibre as an insulation material is a sustainable alter-
native for constructing eco-friendly buildings.

Nutritionally, hemp is one of the most useful gluten-
free and high-protein crops with little or no impact on
the environment [121]. In addition, almost every part of
the crop has economic value: fibre, medicine, construc-
tion and food. As such, there is a growing demand for
products containing industrial hemp ingredients [121],
and the launch/relaunch of products containing hemp
ingredients has increased exponentially.

The growing demand for sustainable products has
renewed interest in hemp as a new low-cost, sustainable,
ecological, biodegradable, recyclable, and multi-purpose
material [38, 40, 61, 94]. Many countries in Europe and
North America have passed legislation allowing commer-
cial cultivation of industrial hemp with low levels of THC
[57]. According to [23], more than 30 countries currently
grow industrial hemp as an agricultural commodity. The
most influential subsectors in the hemp sector are bever-
age and food, fibre (paper and textiles), and beauty and
personal care items. Globally, food is estimated at 4837
billion dollars [35, 36], textiles are valued at 1587 billion
dollars [106], and beauty and personal care items are
valued at 503 billion dollars [35]. [23] also reported that
there are more than 25,000 industrial hemp products in
9 main submarkets, including textiles, agriculture, auto-
motive, food and beverages, paper, furniture, construc-
tion, recycling, and personal care. In 2017, hemp-based
products contributed over 600 million dollars to the U.S.
economy, more than 4 times the value of the soft fruit
sector in Scotland.

Despite the growing market for industrial hemp and its
products, commercial production of industrial hemp in
Scotland does not exist. Previous studies have studied the
cultivation and use of hemp [97, 119], palynological evi-
dence or historical evidence on the cultivation of hemp
[34, 43, 95], the re-introduction of industrial hemp, as
an arable [120]. However, to the best of our knowledge
no study has examined the viability and potential market
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contribution of industrial hemp in Scotland using both
farm survey data and the Global New Products Data-
base (GNPD). Moreover, none of the studies carried out
detailed literature review on the economic and environ-
mental benefits of industrial hemp. This is the first study
mapping the supply chain profile for both hempseed and
fibre in Scotland; analysing the trends in new product
development using hemp as an ingredient; and delving
deep into the potential market opportunities to support
the development of hemp production in Scotland.

This will contribute substantially to the discussion on
the need to revamp the industrial hemp subsector in
Scotland. First, the study provides detailed comprehen-
sive market analysis highlighting the market potential
for industrial hemp in various sectors, including human
food, animal feed, composites, furniture, insecticides,
pesticides, cosmetology, biofuels, building materials,
paper, and textiles. This broad scope highlights the ver-
satility and economic potential of hemp. Second, the
study provides a detailed SWOT analysis (Strengths,
Weaknesses, Opportunities, and Threats) specific to the
Scottish hemp sector. This helps to identify the unique
challenges and advantages within the local context, offer-
ing tailored strategies for growth. Third, the study maps
out the supply chain for hempseed and fibre in Scot-
land, from growers to consumers. This mapping pro-
vides a clear understanding of the current infrastructure
and identifies gaps and opportunities for improvement.
Fourth, the study emphasises the environmental ben-
efits of hemp cultivation, such as carbon sequestration
and soil health improvement. This positions hemp as a
key player in sustainable agriculture and climate change
mitigation. Finally, this is the first report offering strong,
time-bound recommendations to advance the Scottish
hemp sector, including the relaxation of restrictions on
hemp cultivation, development of a strong processing
sector, and establishment of a Scottish seed production
centre. These recommendations are aimed at fostering a
robust and competitive hemp industry in Scotland.

Literature review

This section aims to summarise, collate and synthesise
results from existing research on the production and
consumption of hemp fibre and seeds worldwide. This
desk research! gathered online data from published and

! The search focused on articles published in English only. The authors used
various combinations of the terms “industrial hemp’, “cannabis plant’, “mar-
ket potential’; “hempseed’;, “hemp fibre’, “uses of industrial hemp” and “eco-
nomics of hemp” (and closely related variants of these terms). The searches
were not limited to academic journals but also “grey literature” such as gov-
ernment reports, newspaper articles and market research reports. The main
search trawl used to solicit literature was Google Scholar, as well as key gov-
ernment reports such as those from Defra.
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grey literature as well as government-published data such
as FAOSTATS, EUROSTATS and HMRC data. The lit-
erature search included studies on the trends, economic
value, uses, cost and returns for hempseed and hemp
fibre cultivation in the UK and elsewhere. The mar-
ket potential of industrial hemp in Scotland is a critical
consideration in assessing the long-term feasibility of
developing the domestic industry. Every part of a hemp
plant can be used, with different end-uses making the
plant unique [90]. Industrial benefits from hemp can be
derived from (1) flowers and leaves; (2) stems or stalks;
and (3) seeds.

Human food

Hempseed is beneficial for both animals and humans.
Hemp seeds contain approximately 320-380 g/kg of oil
[49]. Research has shown that the use of hempseed in
food products, beverages, or nutritional supplements is
gradually becoming more important, especially in coun-
tries such as Canada, the US, France, Germany and the
UK [17, 23, 87, 117]. The hemp seed is also a good source
of protein. Research shows that 2—3 tablespoons of hemp
seeds can supply approximately 11 g of protein [90].
Other studies suggest that hemp seeds contain 20-25%
proteins of biological value equivalent to a hen’s egg
[75], 25-35% lipids, 20—-30% carbohydrates and 10-15%
insoluble fibres and minerals such as phosphorus, potas-
sium, sodium, magnesium, sulfur, calcium, iron and zinc
[17, 25]. They also contain essential amino acids such as
methionine, lysine and cysteine [29]. The seed flour is
devoid of gluten and does not contain allergens, making
it a useful bakery product for people with celiac diseases
[59].

The growing interest in the nutritional value of hemp
seed can be attributed to increasing the valorisation of
agri-food products, the search for new sources of pro-
tein and the production of bioproducts, concerns about
food allergies, animal welfare issues associated with ani-
mal-derived proteins, and a focus on a better environ-
ment [87]. For example, studies by Multari et al. [80] and
Neacsu et al. [82] showed that hemp is a valuable source
of dietary amino acids, beneficially modulating gastroin-
testinal hormones and promoting satiety in healthy vol-
unteers. In the UK, Good Hemp is the leading producer
of hemp-based foods and beverages. Hemp products sold
in the UK include hemp oil, hemp milk, and shampoo.
According to Crini et al. [23], hemp seed oil is the most
expensive product from hemp seeds whilst animal feed
made from whole seeds is the least expensive.

Animal feed
In agriculture, hemp crops can be used as: (1) mulch and
animal bedding; (2) eco-friendly insecticides/herbicides;
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(3) biofertilisers; and (4) animal feed or bird seeds. For
the latter, hemp is a good source of animal feedstuff. The
hemp seeds contain approximately 30% protein, 25%
starch and 30% oil. The pressed seed produces oil that
contains more than 90% polyunsaturated fatty acids [23,
42]. Four main products can be derived from the hemp
plant for animal feedstuffs: hemp seed cake/meal, hemp
seed oil, hemp seed and the whole plant. Seeds and seed
cake can be used as feedstuffs for all types of animal spe-
cies [13].

Hempseed is also used in aquaculture to feed fish. The
aquaculture industry is projected to play a crucial role in
the coming decades [14], growing at a rate of 3.9% from
2020 to 2027 [92]. This suggests a potential increase in
the demand for aquafeed and hence hempseed.

Composites and furniture

Hemp stalk provides the raw material for both tradi-
tional and industrial applications. Hemp can also be used
for the production of biocomposites in the automotive
industry [23]. Biocomposite materials may consist of nat-
ural fibres and a polymer matrix [86]. Hemp scraps have
a compact structure with low density and good mechani-
cal strength, making them suitable for use as reinforcing
materials in biocomposite materials. Moreover, recent
interest in sustainability has led to research into natural
fibre-based biocomposite materials, such as those based
on bast fibres such as flax, hemp, jute kenaf and ramie
[12]. Bast fibres have many advantages over synthetic
fibres, such as good mechanical and thermal insulating
properties and low energy requirements and costs during
production.

Hemp fibre is an excellent substitute for glass fibres in
terms of strength and stiffness when used as reinforce-
ment elements in composites. For example, a study by
Karus et al. [55] suggested that hemp-based plastic was
used by Henry Ford to build car doors and fenders in
1941. This gave the car the ability to withstand ten times
the impact of an equivalent metal panel. However, the
car did not make it to the market due to prevailing eco-
nomic limitations. Currently, Germany is the leader in
the use of natural fibres in composite materials for auto-
mobile applications. The use of natural fibres as automo-
tive composites is estimated to have doubled from 9600
tonnes in 1999 to 19,000 tonnes in 2005; hemp fibres
constitute 10% [55]. Hemp can also be processed into dif-
ferent forms for use in automotive interior and exterior
applications, e.g., as trunks, head liners, spare wheel cov-
ers, parcel trays, car door panels, boot trims, rear shelf
and roof liner panels, dashboards, pillar trims, seat shells,
underbodies and other applications [22].

Studies on the use of hemp fibres for reinforced ther-
moplastics have shown that thermoplastics have many
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advantages over thermoset polymers. For example, a
study by Wambua et al. [116] comparing the mechani-
cal properties of natural fibre/PP composites using kenaf,
coir, sisal, jute and hemp fibres, all at 40% fibre weight
fraction, suggested that the latter had the highest tensile
strength of 52 MPa, whereas coir had the lowest tensile
strength (10 MPa). Another study by Khoathane et al.
[56] investigated the mechanical and thermal proper-
ties of hemp fibre-reinforced 1-pentene/PP copolymer
composites. The thermal stability of the composites was
better than that of the fibres or the matrix as individual
entities.

The manufacture of biodegradable and nontoxic plas-
tics based on hemp, referred to as bioplastics, is another
important field. From an environmental perspective,
Shahzad [96] suggested that hemp fibres can be used to
reinforce biodegradable polymers and concluded that
natural fibres reinforced with biodegradable polymers
result in completely “green” composites. Industrial hemp
can be used to reinforce biocomposites to produce green
composites, biocomposites, plastic composites, nanoma-
terials and furniture [39]. A study by Lamberti and Sarkar
[63] compared the performance characteristics of 100%
woven cotton and 100% woven hemp fabrics for furnish-
ing applications and concluded that hemp is a viable fibre
for use in furnishing applications.

Insecticides/pesticides

Hemp has been used as a natural replacement for syn-
thetic pesticides/insecticides because of its high cost
and environmental and human damage. For example,
Mukhtar et al. [79] assessed the effectiveness of aqueous
extracts of industrial hemp and Zanthoxylum alatum on
the hatching, mortality and infectivity of Meloidogyne
incognita, which are root-knot nematodes, at different
concentrations. They concluded that hemp extract is
more effective than Zanthoxylum alatum and has high
potential for the control of root-knot nematodes, poten-
tially making it the best possible replacement for syn-
thetic nematicides. Benelli et al. [10] also studied the
use of essential oil from monoecious hemp cv. Felina 32
against mosquitoes, peach-potato aphids, houseflies and
tobacco cutworms. They concluded that monoecious
hemp cv. Felina 32 represents a valuable source of green
insecticides.

Hemp essential oils have also been tested against a
wide range of arthropod pests. For example, Bedini et al.
[9] studied the chemical composition of essential oils
from industrial hemp, C. sativa and hop, and H. lupu-
lus and their acute toxicity against the Asian tiger mos-
quito Aedes albopictus (Skuse) and the freshwater bladder
snail Physella acuta. They concluded that hemp essen-
tial oil was more effective than hop essential oil was,
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killing 100% of both invasive mosquitoes and freshwater
snails. The rapid development of insecticides resistant to
malaria vectors has also necessitated research into the
use of essential oils from industrial hemp leaves as alter-
native insecticides. Abé et al. [1] studied the insecticidal
activity of terpenes and aliphatic compounds in indus-
trial hemp leaf essential oil on the malaria vector Anoph-
eles gambiae s.I. (Giles). The authors concluded that the
compound was effective against Anopheles gambiae s.1.
(Giles) larvae and adults. These studies confirm the sig-
nificant market potential of industrial hemp as a good
green or natural replacement for synthetic insecticides/
pesticides.

Cosmetology

Hemp essential oil is considered a high-value niche prod-
uct with promising market potential [72, 109]. It can be
used for cosmetic products such as essential oils, body
oils, body lotions, shampoos, bath gels, soaps, antimi-
crobes and hand soaps [22]. For example, Bertoli et al.
[11] studied the use of ten hemp fibre varieties for the
production of essential oils in Italy. The fresh plant inflo-
rescences were hydrodistilled, and the essential oils were
characterised via gas chromatography-mass spectrom-
etry (GC-MS). The composition of the aroma emitted
spontaneously was also analysed via solid-phase micro-
extraction gas chromatography-mass spectrometry
(SPME-GC-MS). The study concluded that hemp fibre
inflorescences can be used to produce essential oils as
natural flavour and fragrance additives. Ionescu et al
[51] studied the pharmaco-cosmetic potential of four
bioactive vegetable oils, including hemp essential oils.
The authors concluded that hemp oil presents the great-
est advantage for application in the dermato-cosmetic
industry because of its optimal omega:omega 3 ratio. In
the UK, there are a variety of hemp-based cosmetic prod-
ucts in retail shops, including shampoos and condition-
ers from well-known brands.

Biofuel

The demand for sustainable energy has led to research
into avenues to reduce the global reliance on fossil
fuels such as coal, gas and oil-based energy [90]. Both
the whole plant and its shives are used for energy [16].
Two main types of biofuels can be derived from the
hemp plant [24, 91]: biodiesel made from the oil of the
pressed seed and bioethanol and methanol made from
the fermented stalk. The forms of biofuel include boiler
fuel (solid and pellets), biodiesel (bioethanol and metha-
nol), biogas (methane and biohydrogen) and electricity.
Ahmad et al. [3] investigated the use of hemp as a poten-
tial source of biodiesel on the basis of detailed physico-
chemical analysis. The authors concluded that hemp oil
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biodiesel was clean, environmentally friendly and exhib-
ited fuel properties within the range of the American
Standard for Testing Material. Another feasibility study
was carried out by Li et al. [64] on converting hemp oil
into biodiesel through base-catalysed transesterification.
They reported a conversion factor greater than 99.5% and
a biodiesel yield of 97%.

Hemp also presents an alternative avenue to produce
ethanol. Empirical studies by Sipos et al. [101] have
shown that ethanol can be produced from steam pre-
treatment of dry and ensiled industrial hemp. Kreuger
et al. [62] investigated the conversion of industrial hemp
to ethanol and methane via stream pretreatment and
coproduction and concluded that the coproduction
of ethanol and methane from steam pretreated stems
resulted in a high yield of transportation fuel.

Industrial hemp presents market opportunities to
obtain green and cheaper biofuels, as it does not produce
sulphur emissions, either when burned directly or when
converted into liquid fuels such as bioethanol. Compared
with wheat, corn, sugar beets and sugarcane, indus-
trial hemp also has high biomass and energy yields per
hectare.

Building materials

The construction sector contributes significantly to
global environmental pollution because of the use of
energy and carbon-intensive raw materials. To ensure
the construction of sustainable buildings, it is impera-
tive to replace carbon- and energy-intensive resources
with new low-environmental-impact alternatives [50]. In
building construction, hemp fibres can be used as insula-
tion materials, hemp wool, panels, fibreboard, concrete,
cement blocks and mortar. The use of hemp in concrete
buildings has the added benefits of carbon sequestration
as well as low embodied energy and renewability. Unlike
synthetic fibre materials, the use of industrial hemp fibres
represents a sustainable solution in building construc-
tions. Hemp fibres can be processed into a variety of
more durable commercial products that resemble con-
crete, wood and thermoplastic [23]. A major advantage
of using hemp fibres over synthetic fibres is that they are
durable, lightweight, affordable to produce, waterproof,
fireproof, self-insulating, resistant to mould, moisture-
proof, highly breathable and resistant to pests; addition-
ally, they have good heat retention in wintertime and are
cool in summer [19, 96]. Arnaud [6] reported that lime
and hemp concretes made from the central porous part
of hemp stalks or shives have strong thermal and acous-
tic insulation properties. It can also regulate the humid-
ity inside buildings by absorbing and releasing moisture
depending on the air conditions. Pretot et al. [89] per-
formed a life cycle assessment of hemp concrete walls
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and concluded that compared with traditional construc-
tion materials, hemp concrete has a low impact on the
environment. Finally, Moujalled et al. [78] performed an
experimental and numerical evaluation of the hygrother-
mal performance of hemp-lime concrete buildings. They
concluded that hemp-lime concrete helps maintain a
good hygrothermal comfort level in winter and summer,
making it an excellent building material. In Scotland,
IndiNature, the first natural insulation factory in the UK,
uses hemp to produce natural fibre construction insula-
tion for homes.

Paper

The pulp and paper industry is a major contributor to
environmental pollution because of its high consump-
tion of energy and chemicals. Paper can be produced
from the long bast fibres of hemp stems [21]. This makes
it an excellent replacement for traditional sources of raw
materials for pulp and paper. Industrial hemp is useful for
papermaking because of its high yield [74]. Hemp paper
also requires fewer chemicals for the treatment of pulp
paper [69], and it is useful for producing high-quality
paper [7]. Hemp paper is stronger, finer and does not turn
yellow when bleached, similar to conventional paper [21].
It can also be used for tea bags and coffee filters [31], wax
match paper [32], cigarette papers [53, 122], electrical
insulation papers [30], glassine and greaseproof papers,
condenser papers [33], technical filters, banknotes, bible
paper, and dielectric and medical paper [17]. An empiri-
cal study on the use of hemp root bast paper for oil/air
filtration for automobile engine oil concluded that hemp
papers have better oil/air filtration properties in practical
applications than cotton paper does [54].

Textile

Textile production from hemp has been displaced by
imports of cotton and synthetics, which are intensive and
heavily dependent on inputs of pesticides, fertilisers and
water [93]. Hemp bast fibre is a more sustainable replace-
ment for traditional natural and synthetic fibres in the
textile industry [4]. Hemp fibre textiles offer excellent
protection from ultraviolet rays [58, 123]. Hemp fibres
are also useful for textiles because they have good ther-
mal conductivity, which is necessary for heat transfer in
summer and heat retention in winter [104]. Hemp fibre
textiles have further proven suitable for people prone to
allergies and with sensitive skin [60]. Hemp bast fibres
are stronger, can hold their shape and stretch less than
other natural fibres do [81].

Environmental benefits
Hemp presents a new perspective and opportunities to
mitigate climate change. Hemp fibre is considered a crop
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with low input and low environmental impact [103].
Crops contain approximately 45% of the atmospheric
carbon taken up during photosynthesis. The hemp straw
produced by 1 ha of land can store approximately 3.06
tonnes of carbon, which limits climate change (van der
Werf [113]).

Hemp planted for fibre production requires a high
planting density and grows rapidly, allowing it to crowd
out weeds, resulting in little to no herbicide usage. How-
ever, these potential benefits disappear when hemp is
planted for seeds instead of for fibres because of the
lower planting density needed. Hemp has been used in
soil cleaning through phytoremediation and phytoex-
traction processes. Hemp grown for fibre can be used as
a renewable resource to decontaminate pollutants such
as metals; radioactive elements; organics, including pes-
ticides and fertilisers; and oils and solvents from soils
[65]. According to Small and Marcus [102], hemp has
been used in land reclamation in the oil and gas indus-
try in Alberta. An empirical study by Pejic et al. [85]
showed that short hemp fibres are capable of adsorbing
metal ions (Pb**, Cd** and Zn>") from single as well as
ternary metal ion solutions. Vukcevic et al. [115] stud-
ied the use of short hemp fibres, acquired as waste from
the textile industry, as biosorbents for the removal of
zinc ions from polluted water. They concluded that short
hemp fibres are efficient biosorbents for the removal of
zinc ions from polluted water. Another study by Bugnet
et al. [15] assessed the use of hemp materials (loose fibres
and felted fibres) to decontaminate polymetallic aqueous
solutions containing aluminium, cobalt, chromium, cop-
per, nickel and zinc. They concluded that both loose and
felted fibres have 99% removal efficiency. The study was
replicated and confirmed by Loiacono et al. [66].

Hemp fibres also present new opportunities for water
and wastewater treatment. For example, Vukéevic et al.
[114] reported that the carbonisation and activation of
waste hemp fibres present an efficient alternative for the
removal (adsorption) of pesticides for water purification.
Similarly, Zou et al. [124] studied the use of a zeolite—
hemp fibre composite for the green removal of aromatic
organic pollutants (benzene, toluene and chlorobenzene)
from aqueous solutions and concluded that the zeo-
lite—hemp composite exhibited a high degree of removal
(above 80%) of these pollutants. This makes the com-
posite an environmentally friendly alternative for water
purification.

Industrial hemp has both environmental and biodi-
versity benefits. Products made from industrial hemp
are biodegradable and able to meet the demand for
ecologically friendly products [52]. Figure 1 shows the
crude mean evaluation of different biodiversity-friendly
crops, including hemp for fibre and oil. Tobacco has
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Fig. 1 Crude mean evaluation of the biodiversity friendliness of selected major crops and fibre and oilseed cannabis, based on a scoring system.

Source: Montford and Small [77]

the worst score for biodiversity friendliness, whereas
alfalfa has the highest biodiversity friendliness. The
main annual crops, such as wheat, rapeseed and barley,
that are grown in Scotland are found to have negative
biodiversity friendliness [77]. Compared with flax, fibre
cannabis (hemp fibre and oil) has positive biodiversity
friendliness, which has negative biodiversity friendli-
ness. Although both crops have similar uses, hemp
could be considered attractive for its biodiversity ben-
efits. It has been suggested [83] that the cultivation of
hemp before wheat leaves a clean and loose soil helps
maintain soil biodiversity.

Most studies suggest that the main strength of the use
of hemp-based materials comes from the production
phase because of the “green” origin of these materials,

which is associated mainly with carbon sequestra-
tion during plantation growth [50].

Economic outlook

Fortune Business Insights, a global market analyst, pro-
jects that the hempseed market is estimated to grow at
11% to approximately 1.6 billion dollars in 2027. In 2019,
the market was valued at 0.7 billion, including whole
hemp seeds, hemp seed oil, hulled hemp seeds and hemp
protein powder [41]. The demand for hemp seed and its
products is expected to be fuelled by rising demand for
personal hygiene products as well as milk, oil and cheese
substitutes and alternative proteins. The relaxation of the
restrictions on industrial hemp farming in certain coun-
tries, such as Canada and the US, is also likely to drive
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up the demand for hempseed and its products. Third, the
demand for eco-friendly food products and strict climate
policies may force producers and consumers to demand
more environmentally friendly products.

Data from the U.S. suggest that in 2017 alone, the total
retail value of industrial hemp products was 820 million
dollars. This figure includes food and body products,
clothing, automobile parts, building materials, etc. In
2021, the USDA estimated the total value of industrial
hemp to be 824 million dollars, an increase of 4 million
compared with the 2017 figure. Approximately 623 mil-
lion dollars were attributed to floral hemp grown in the
open space, 5.99 million dollars were attributed to seed
or hempseed grown in the open space, and 41.4 million
dollars were attributed to hemp fibre plants grown in the
open space. Hemp under protection contributed approxi-
mately 112 million dollars. In Europe, France is the larg-
est producer of industrial hemp. Hemp fibre is estimated
to generate more than 40 million euros annually in the
French economy [83].

Currently, there are no official data on the economic
value of hemp and hemp products in Scotland. However,
the figures from the U.S. demonstrate the significant eco-
nomic value of industrial hemp to the national economy.

Hemp legislation in the EU/UK

The United Nations’ comprehensive “Single Conven-
tion” of 1961 on narcotic drugs includes hemp due to the
presence of D9-tetrahydrocannabinol (THC). The term
“cannabis” refers to the flowering or fruiting tops of the
cannabis plant (excluding the seeds and leaves when not
accompanied by the tops), from which the resin has not
been extracted; by whatever name they may be desig-
nated, “cannabis plant” refers to any plant of the genus
cannabis, and “cannabis resin” refers to the separated
resin, whether crude or purified, obtained from the can-
nabis plant [112]. The THC contained in cannabis is also
captured within Schedule II of the Convention on Psy-
chotropic Substances of 1971 [111]. This means that any

Table 1 Profitability of hemp production
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product containing a THC falls within the scope of the
convention and hence is illegal for sale on the basis of the
General Food Law 2002.

Hemp produced for agricultural purposes versus its
medical-grade relative is often defined by low (<0.2%)
levels of the psychoactive compound THC [105]. Hemp
low in the THC have been present on the European mar-
ket since 1994. Its extracts are, however, classified under
novel foods, and the sale of its plant or extract (canna-
bidiol or CBD) is not harmonised under European Union
(EU) law. The isolation of CBD was achieved in the early
1940s [2]; however, scientists were only able to determine
its full structure in the 1960s [71]. Currently, the EU-
authorised hemp varieties (EU Regulation 1307/2013)
contain 0.056 (Futura) to 0.27% (Finola) of CBD [84].

In the UK, the Home Office controls the use of illicit
drugs and has the authority to implement and enforce
narcotic conventions under the Misuse of Drugs Act
(MDA) 1971 [108]. The act contains a list of illicit drugs,
including cannabinol, cannabinol derivatives, cannabis
and cannabis resin (classified as Class B drugs). Misuse
of drug regulations (MDRs) (2001) provides require-
ments for the licensing of production, possession, and
supply of illicit substances. These regulations in the UK
make it unlawful to possess, import, export, supply and
cultivate any plant of the genus cannabis except under a
Home Office licence. In summary, all products promoted
as food containing THC are considered controlled sub-
stances by UK law.

Profitability of hemp seed and hemp fibre production

Hemp is grown on a large scale in some states in the U.S.,
Canada, China and Europe. The economic viability of
hemp cultivation varies annually because of price fluc-
tuations. Table 1 shows data from the Ontario Ministry
of Agriculture, Food and Rural Affairs (OMAFRA), indi-
cating that the production of both hempseed and fibre
is more profitable than that of hempseed or hemp fibre
only [8]. The situation is similar for hemp production in

Hemp fibre Hempseed Hemp fibre and hempseed
Operating expenses Revenue ($) Operating expenses Revenue ($) Operating expenses Revenue ($)
% (%) (%)
(per acre) (per acre) (per acre) (per acre) (per acre) (per acre)
Canada 617 510 424 400 532 580
USA 363.55 680 256.76 476.91 403.49 723
Turkey 1467.25 1155.16 1281.22 1483.52 180247 2076.94
France 364.21 876.95

Source: [8, 18,44, 110]
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Kentucky, US. [110]. In Turkey, the production cost and
revenue per acre for hemp fibre, hempseed and hemp
fibre and seed farms are greater than those in the US
and Canada. The data from France show a relatively high
gross margin for hemp fibre cultivation of approximately
$512.74/acre [44]. Compared with other crops, hemp has
been shown to perform better. For example, Das et al.
[24] compared the profitability of industrial hemp when
used for seeds and ethanol with that of kenaf, switchgrass
and sorghum. Hemp had a profitability of approximately
35-70% greater than that of the other three crops.

Method of analysis

This study performed two main analyses: a descrip-
tive analysis of the Global New Product Database and a
SWOT analysis of interviewed data obtained from farm-
ers in Scotland.

Data analysis

Two types of data analysis were carried out: (1) based on
the Global New Product Database (GNPD), which con-
tains information about hemp-based products launched
by major retail supermarkets and manufacturers between
1997 and 2021. The data are based on products launched
in Europe and North America. Each product contains
information on the date and country it was first launched,
product category, manufacturing company, brand name,
positioning claims, prices, package size, brand, product
description and storage type, etc. This information was
used to assess trends in new product development in
the hemp market. (2) Primary data® were collected from
Scottish farmers in Angus, Aberdeenshire and along
the Scottish borders. Currently, there are fewer than 30
hemp growers in Scotland. The questionnaires were sent
to approximately 25 farmers in Aberdeenshire and Scot-
tish Borders, seven of whom (28% response rate) fully
completed the questionnaire. The data collected informa-
tion on barriers, opportunities, weaknesses and threats
that the Scottish hemp supply chain is exposed to. Data
were gathered on the motivations and potential market
routes for hemp fibre and hemp seed. These findings
allowed us to formulate recommendations that will assist
in developing a strong Scottish hemp sector. The analysis
is based solely on responses obtained from these farmers.
Although small in number, these responses allowed us to
outline the existing supply chain as well as the strengths,
weaknesses, opportunities and threats (SWOT) that
these farmers foresee in the sector.
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Teoli et al. [107] define SWOT analysis as a strate-
gic tool used by an organisation to assess its perfor-
mance against its competitors. In supply chain analysis,
Gorener et al. [45] define the concept as a systematic
approach and support system for studying both internal
and external factors of the supply chain. These internal
and external factors are divided into four parts: strengths,
weaknesses, opportunities, and threats (SWOT). SWOT
has been used extensively in the literature. For example,
Shinde et al. [98] used this method to review new per-
spectives and recent developments in the supercapaci-
tor industry. Similarly, Farrokhnia et al,, [37] used the
method to determine the implications of the ChatGPT
for educational practice and research. The procedure
used to carry out the SWOT analysis for the Scottish
hemp sector is described in Fig. 2 below. The interview
questions answered by the farmers were structured to
illicit the SWOT of the hemp sector.

Results and discussion

Trends and developments in the hemp processing sector
Figure 3 shows the trend in the number of hemp-based
products launched worldwide from 1997 to 2021. The
growth in the number of products launched was slow
from 1997 to 2012, possibly due to strong restrictions
on the farming of industrial hemp across the world.
The number of hemp-based products launched began
to experience exponential growth from the start of
2013. This could be due to the relaxation of restrictions
on the farming of industrial hemp, increasing demand
for sustainable products, and the growing number of
health- and nutrition-driven consumers. In 2021, the
total number of hemp-based products launched was 713
products compared with eight products in 1997, approxi-
mately 88 times greater.

Figure 4 shows the countries and the number of hemp-
based products launched from 1997 to 2021. These
countries launched more than 99% of the total hemp-
based products launched worldwide, whereas the oth-
ers® launched less than 1%. The top five countries in
descending order are the US, Germany, Canada, the UK
and France. The US is the largest manufacturer of prod-
ucts with hemp ingredients, whereas Singapore is the
least. The two North American countries, Canada and
the US, produced approximately 29% of the total num-
ber of products. As shown in Table 1, industrial hemp
is very profitable in North America, and it is driven by
the relaxation of regulation. The UK launched 10%, and
the remaining 61% was distributed among the remaining

2 The study received ethical approval from the Rowett Institute Ethics
Approval Committee of University of Aberdeen.

3 Belarus, Chile, Colombia, Indonesia, Israel, Philippines, Tanzania, Argen-
tina, Cameroon, Egypt, Ghana, Guatemala, Kuwait, Pakistan, Peru, UAE.
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Fig. 2 The procedure used in the SWOT analysis. Source: Meena et al. [73]
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Fig. 3 The number of hemp-based products launched worldwide from 1997-2021. Source: Authors’own computation on the basis of the Global
New Product Database (2022)

countries. Although the UK is not among the top growers UK are sourced externally. From Fig. 13 it is evident that
of industrial hemp in the world, it is among the top five  farmers are not able to grow the crop on a large scale due
manufacturers/companies launching hemp-based prod-  to stringent regulation of the crop in the UK.

ucts. This suggests that the hemp ingredients used in the
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Fig. 4 Number of hemp-based products launched by countries from 1997-2021. Source: Authors’own computation on the basis of the Global
New Product Database (2022)
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Fig. 5 Categories of hemp-based products launched worldwide from 1997-2021. Source: Authors'own computation on the basis of the Global

New Product Database (2022)
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Figure 5 presents the categories of products launched
worldwide from 1997 to 2021. A total of 4870 unique
products were launched. The category with the largest
number of products launched is snack-based food prod-
ucts (1019), whereas sweeteners and sugar have the least
number of products (2). Healthcare products constitute
the second-largest category with hemp-based ingredi-
ents. A total of 696 healthcare products containing hemp
ingredients were launched between 1997 and 2021, fol-
lowed by nutritional drinks and other beverages, break-
fast cereals and bakery products. On the basis of these
numbers, it can be deduced that the demand for hemp-
based products is driven by nutritional and health con-
cerns. Comparing Fig. 5 and Fig. 13, it is evident that
farmers and consumers have different motivations for
using the crop. Whilst nutritional and health concerns
are paramount to consumers, farmers are motivated
by the environmental and the economic benefits of the
hemp crop.

Figure 6 shows the trends in the number of products
launched under different claim categories from 1997 to
2021. The number of products launched experienced an
increasing trend across all claims categories. The domi-
nant claims category across all years is health and nutri-
tion, suggesting that demand for hemp-based products
is driven by consumers who are healthy and nutrition
conscious. Products with demographic claims are the

700
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second most important. These are products targeted
at specific demographic groups in the population, i.e.
vegans, elderly individuals, children, etc. Products with
sustainable claims are the third most important in the
hemp products market. Although globally sustainability
is third for consumers, Fig. 13 shows that sustainability
(environmental benefit) is the priority of farmers. These
products are driven by consumers who are environmen-
tally focused. Convenience and safety claims are the least
important in the hemp market, as shown by the figure.
This suggests that manufacturers do not believe that con-
sumers are interested in hemp-based products with such
claims.

Figure 7 shows trends in the number of products
launched under different claims categories in the UK
from 1997 to 2021. The number of products launched
under the different categories follows a similar pattern to
those launched worldwide. Products with demographic,
health and nutritional claims constitute the majority
across all years. The number of products launched under
these two claims, including sustainability, increased
exponentially after 2014. Products under safety and
convenience claims were low across all years until 2016.
In 2021, 47, 57, 54, 15 and 10 products were launched
under sustainable, health and nutrition, demographic,
safety, and convenience claims, respectively. Comparing
the UK to global trends confirms that, for consumers,

QO g g0 g & @ 0 D
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Safety emmmmSustainable es==Convenience

Fig. 6 Trends in the number of products launched by claim category from 1977-2021. Source: Authors' own computation on the basis

of the Global New Product Database (2022)
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Fig. 7 Trends in the number of products launched under different claims categories in the UK. Source: Authors’own computation on the basis

of the Global New Product Database (2022)

sustainability is the third most important driver of buying
hemp-based products.

Figure 8 presents the top 20 claims associated with
hemp-based products launched in the UK from 1997 to
2020. The claims positioned with more than a 5% share
are all ethical: environmentally friendly packaging, glu-
ten-free, high/added fibre, GMO-free, no additives/pre-
servatives, vegan or no animal products, vegetarian and
organic. Organic hemp-based products are the most pop-
ular, while the least common among the top 20 are low/
no/reduced calorie products.

Figure 9 shows the number of products launched by
claims category by the top five companies in the UK.
Products with health and nutrition claims are the prod-
ucts launched the most by all five companies. The com-
panies with the largest number of products in ascending
order are 9Brand Foods, The Food Doctor, Braham and
Murray, Naturya and Wholebake. Products with demo-
graphic claims are the second most common products
launched by the five companies. The largest number of
products under this claim was launched by Wholebake,
whereas the lowest number was launched by Food Doc-
tor. Products with sustainability claims are the third larg-
est, whereas safety and convenience claims are the least
common across all companies. Labelling products with
hemp ingredients as sustainable especially those that
use little or no fertiliser and pesticides would encourage

environmentally conscious consumers to patronise the
crop.

Figure 10 shows the top five companies in the UK and
the number of products launched under different prod-
uct categories. First, for Naturya, healthcare products
are the main type of products containing hemp ingre-
dients. Snacks are the second most launched products,
whereas breakfast cereals have the least number of prod-
ucts launched. For Braham and Murray, sauces and sea-
soning products containing hemp ingredients constitute
the majority, followed by dairy. Snacks and bakery are
the categories with the least number of products to be
launched. Wholebake and 9Brand Foods launched only
snack products with hemp ingredients. The majority of
products launched by Food Doctors are snacks. Savoury
spreads, and meal and meal centres have the fewest prod-
ucts launched. In summary, healthcare, dairy and snacks
represent the largest categories of products with hemp
ingredients launched by the top five manufacturers in the
UK.

Supply chain development

Hemp seed growers

Production The supply chain map for Scottish hemp-
seed growers is a basic map (see Fig. 11). The seeds for
cultivation are imported and not produced in the UK.
From Fig. 13, this is a major drawback to the sectors
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Fig. 8 Top 20 claims launched with hemp-based products from 1997-2020. Source: Authors’own computation on the basis of the Global New

Product Database (2022)
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Fig. 11 Supply chain map for hemp seed. Source: Own computation

development. Based on the small number of responses
to the questionnaire, most farmers grow hemp for seeds.
Together, these cultivated a total of 17 hectares. The seeds
are sown outdoors in the spring and germinate for approx-
imately 3 to 7 days. The crop is cultivated once annually
because of the weather conditions in Scotland.

The farmers outlined various reasons for cultivating
hemp. From Fig. 13, these benefits include the follow-
ing: (1) environmental benefits resulting from improved
biodiversity of farmlands and the low input requirement
for the crop; (2) diversification benefits—most farmers
regard planting hemp as a safety net; it is risky to pro-
duce only one type of crop; (3) crop rotation—instead
of leaving the land idle for years due to deterioration,
most farmers prefer to cultivate hemp to take advantage
of its role in soil remediation and improve soil biodiver-
sity; and 4) health benefits—farmers who are motivated
to grow hemp are driven by the potential health benefits
of hempseed oil. Other farmers grow hemp because they
want to try a new crop or produce their own food.

Processors  In June 2022, the first commercial production
of cold-pressed hemp oil was initiated in Scotland [76].
This is a strong motivation for the commercial production
of hempseed in Scotland. Our data show that there are
rapeseed oil processors who have expressed an interest
in pressing hempseed into oil. However, these processors
are unable to purchase from Scottish hempseed growers
because of the lower output and the high cleaning cost

required to alternate between hempseed and rapeseed
oil processing. Three out of seven farmers intend to sell
their output to processors. They cultivate 11 hectares of
hempseed, which will produce an optimal output of 82.5
tonnes of hempseed. According to the farmers, the lack of
processing facilities for their produce is a major limitation
to the commercial production of hempseed in Scotland.
Figure 13 highlights this as one of the major weaknesses
of the current hemp sector in Scotland.

Wholesalers and retailers Some farmers listed wholesal-
ers and retailers as potential buyers of their output. This
aspect of the supply chain is underdeveloped because
there are currently no official wholesalers of hempseed
nor futures contract with retailers. However, interim
farmers can sell their output to the British Hemp Alliance
and the Scottish Hemp Farmers Association to increase
their bargaining power. The data analysis from the GNP
database suggests that retailers such as Sainsbury’s, Aldi,
Lidl and M&S are potential buyers of hemp seeds. It is
important for farmers to consider futures contracts with
these retailers before starting to plant hemp seeds. This is
necessary considering the fluctuation of hempseed prices
and to hedge themselves against potential price shocks.

Consumers Approximately three out of seven farmers
intend to sell their outputs directly to consumers. The
nature of marketing is not fully understood. However,
farmers are required to clean the seeds of debris and
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package them before offering them for sale. While this
will increase profit margins for farmers, as there are no
middlemen, farmers are required to develop their own
marketing channels and skills to ensure that they reach
a large group of consumers. From Fig. 13, lack of estab-
lished market route is considered as a setback to the sec-
tor. Another major limitation is the prejudices that people
have toward hemp. Some farmers suggested educating the
public to distinguish between industrial hemp and mari-
juana.

Hempseed and fibre growers

The supply chain map of hempseed and fibre is simpler
than that of hempseed described above (see Fig. 12). The
same explanation for hempseed can be given for hemp-
seed and fibre growers. However, a major distinction is
that the supply chain of hempseed and fibre growers does
not consider retailers and wholesalers.
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The farmers intend to sell their outputs directly to
consumers, the construction sector and processors.
Therefore, the potential buyers of hempseed in this
map are processors and consumers. The construction
sector (indirectly) uses hemp fibre for insulation mate-
rials and wood for buildings. Figure 13 shows that there
is the need to establish a strong market link between
hemp farmers and manufacturers/processors (Fig. 13).

SWOT analysis of the Scottish hemp sector

To understand the strengths, weaknesses, opportunities
and threats (SWOT) that influence the success of the
Scottish hemp sector, the farmers were asked to answer
a series of questions. A summary of the results can be
found in Fig. 13.
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Fig. 12 Supply chain map for hemp fibre. Source: Own computation
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Strengths

Environmental benefits of the crop A major motivation
or strength of the hemp sector is the environmental ben-
efits attributed to the hemp crop. All the farmers agreed
that the crop is a low-input crop and has a low climate
impact. This finding is confirmed by the literature above,
which suggests that hemp crops have low inputs and
numerous environmental benefits, including improved
biodiversity of the soil, improved soil remediation, and
improved carbon storage potential. This suggests that
hemp crops are important for crop rotation and marginal
agricultural lands contaminated with pesticides and ferti-
liser residues.

High yield or returns Most farmers agree that the
strength of the hemp sector is based on the high yield
of the crop and maturity within a short period of time.
The hemp crop can be grown for both fibre and seed for
increased profitability. A small field could produce a large
amount of hemp fibre, as little spacing is needed. The crop
also requires little or no pesticides or insecticides, mak-
ing it less capital intensive. However, most farmers pre-
fer to grow the crop for its seeds. Table 1 provides details
of the economic returns of the crop. The crop has been
shown to be profitable irrespective of the country or con-
tinent in which it is grown. Although hemp fibre and seed
prices are unstable due to competition from other arable
crops, farmers could harness their profitability by using
the futures market to hedge themselves against price fluc-
tuations.

Diversification/crop rotation It is important to consider
hemp crops in crop diversification. Crop diversification
allows farmers to spread both production and economic
risk over a broader range of crops. The crop improves
both the soil and the environment, as well as generating
profits when the seed or fibre is sold. The risk of growing
hemp is low due to its low input requirements and the
usefulness of each part of the crop: flowers, leaves, stalks
and seeds (see Sect. "Literature review"). The crop is also
essential to include in crop rotation, as it can improve the
soil for subsequent crops. It is able to absorb toxins and
contaminated ions from the soil structure, improve the
soil ecosystem, loosen the soil, etc. These benefits, cou-
pled with the ability of the crop to grow in all types of soil,
make it essential to include in arable cropping systems as
well as grasslands to feed livestock.

Health benefits of the crop As discussed in Sect. "Lit-
erature review", hemp has many health benefits. Hemp-
seed is a potential source of gluten-free flour for people
diagnosed with celiac diseases; it is also a rich source of
essential amino acids for vegans or people who do not
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consume animal proteins. Its fibre is essential for produc-
ing allergen-free clothes, making it an excellent substitute
for cotton and synthetics. Furthermore, hemp seed oil is
used in pharmacology to produce many drugs to treat
diseases. It is also used in cosmetics to produce products
that improve the skin and treat a variety of skin condi-
tions. The health benefits of hemp crops are important
and strong for the hemp sector.

Weaknesses

Difficult to obtain a licence A major challenge faced by
all hemp growers, especially in Scotland, is the process
required to obtain a licence for production. Most farmers
describe the process as cumbersome, and the licence fee is
too expensive. As discussed above, the hemp crop is clas-
sified under regulated drugs requiring approval from the
UK Home Office prior to cultivation. Without relaxing
the regulations, it will be difficult for interested farmers to
pursue the cultivation of hemp.

Low profitability of the crop Although hemp is tradi-
tionally believed to be a highly profitable crop, Scottish
growers tend to disagree. This could be due to many local
factors affecting commercial production of the crop. First,
farmers are unable to sell their output due to low acreage
under cultivation. Most processors who import hempseed
or fibre are unable to purchase hempseed or fibre from
these farmers because of their low tonnage. These pro-
cessors consider changing suppliers to be a large risk if
these farmers are unable to meet their monthly or annual
demand for production. There are also certain criteria
that seeds or fibres must meet before they can be sold to
these processors/manufacturers/wholesalers. As a result,
most farmers process their own products via inefficient
technologies. Second, the highly distributed and small
number of farmers does not give Scottish hemp grow-
ers market power to influence the price they attract from
potential buyers.

Lack of technical support  Another major weakness of the
Scottish hemp sector is the lack of extension or technical
support. Farmers do not receive agronomic and market-
ing support from government-trained agencies because
of the prejudice attached to the crop. This has resulted in
farmers using trial and error techniques that affect their
output and profit margins.

Lack of processing facilities The lack of processing facili-
ties for hemp seed and fibre is a major limitation to the
growth and development of the Scottish hemp sector. This
has implications for value addition and profit margins.
Farmers are forced to sell raw produce since they are una-
ble to add value to the products. As a result, a major share
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of the profit is lost to either the processer or the retailer.
The product is also disposed of soon after harvesting at
lower prices because farmers are unable to process it to
extend its shelf life.

No established market routes Another major barrier
to the success of the Scottish hemp sector is the lack of
well-established market routes. Farmers are unsure of
who their potential buyers are even though most have
proposed selling their products to consumers, retailers
and wholesalers. There are no clearly defined marketing
channels or established agents who are readily available to
purchase their output. As a result, farmers have to market
the product themselves to be able to continue producing
each year. Well-established wholesalers, processors and
retail centres are essential for the growth of the Scottish
hemp sector.

High seed cost and weather limitations There are no
established seed growers in Scotland or the UK. As a
result, farmers must ensure that 100% of the seeds they
grow are important. This imposes a significant financial
burden on the farmers since they do not have the mar-
ket power to affect the price they pay for the seeds. The
constant fluctuation in the hempseed price also affects the
price they pay each year. Therefore, there is a need to estab-
lish a hempseed production farm to eliminate this barrier.
Another important limitation is the weather, which does
not allow farmers to grow hemp all year round.

Opportunities

Financial support The first important opportunity men-
tioned by farmers is providing financial support to ensure
the viability of the sector. Each part of the hemp crop pro-
vides the opportunity for financial growth. However, this
is only possible if farmers are able to receive financial sup-
port to build infrastructure to process and add value to
the raw output. Hemp processing machinery requires sig-
nificant financial commitment and serves as an opportu-
nity to develop and expand the sector. A well-established
processing facility extends the shelf life of hempseed or
fibre until it moves along the next link in the supply chain.
Farmers also mentioned the need for financial assistance
to fund more trials of different varieties of hemp seeds in
Scotland. While this is important, establishing a seed cen-
tre where farmers can buy their seeds for cultivation will
also reduce the cost and difficulties they face in importing
hempseed.

Market routes The farmers identified that the lack of
established market routes for both hempseed and fibre
was a challenge. Several interviewees suggested that a
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well-developed market route will enhance the develop-
ment of the Scottish hemp sector. Therefore, stakeholder
support is necessary to assist growers in obtaining mar-
keting routes within Scotland, the UK and international
markets. The GNP database suggests that many hemp-
based products are produced each year by food and drink
manufacturers. A strong link between Scottish farmers
and these manufacturers or processors is necessary for a
thriving hemp sector.

Carbon credits 'The cultivation of hemp enhances car-
bon sequestration, which should be considered an oppor-
tunity for hemp farmers to receive carbon credits. The
hemp plant can also store most of the carbon it takes
from the atmosphere during its lifecycle. Farmers could
be rewarded for allocating land to the production of hemp
and improving the natural ecosystem. Rewards in the
form of carbon credits encourage other farmers to incor-
porate hemp into their farming system.

Relax the licencing process The current legislation
regarding the growth of hemp in Scotland does not
encourage farmers to produce on a large scale. This pre-
vents farmers from venturing into hemp production.
Farmers are unable to sell leaves and flowers, which have
important pharmaceutical benefits. The required tetrahy-
drocannabinol (THC) level of less than 0.2% is a major
limiting factor since it has been raised to approximately
2% in Uruguay [48]. Switzerland and Australia allow their
farmers to grow hemp varieties with a THC level of 1%.
By relaxing the current regulations on the cultivation of
hemp, many farmers will take advantage of the conducive
environment to expand production and attract new farm-
ers.

Threats
There are several internal and external factors that have
the potential to harm the development of a sustainable
hemp supply chain. To identify these factors, the farm-
ers were asked to select the hemp legislation that they
considered a threat to the hemp sector among several
factors.

The following factors were identified as threats to the
development of the hemp sector in Scotland:

1) Difficulty obtaining a licence—Currently, licences for
industrial hemp are valid for three growing seasons,
after which the farmer needs to go through the same
process to have the licence renewed. A one-time
licence for industrial hemp cultivation could encour-
age farmers to make long-term plans regarding the
cultivation of the crop.



Dogbe et al. Agriculture & Food Security (2024) 13:57

2) Destruction of the leaves and flowers of industrial
hemp prior to cultivation represents a loss of addi-
tional revenue to the hemp sector considering
the importance of these two parts of the crop. As
described above, the leaves and flowers are of both
cosmetic and medicinal value.

3) High licensing costs—According to the Home Office,
a new licence application to cultivate cannabis with a
THC content of 0.2% or lower will cost £580. Farm-
ers are also required to pay a compliance visit fee of
£1371 and a licence renewal fee of £326. These costs
may disincentivise new farmers, as the sector does
not have strong market routes for outputs.

4) Labelling hemp as a restricted crop—Categorising
industrial hemp under controlled drugs has created
an image that undermines the acceptance of the crop
and its parts for domestic and industrial use. The UK
government could consider listing the crops under
tree crops planted in the UK.

Other factors, such as difficulty getting the farmers to
work together and restrictions on the type of fields used
to grow the hemp crop, were also considered threats to
the success of the sector.

the crop
«High yield and returns
«Diversification/crop
rotation
«Health benefits of the
crop

f- Environmental benefits of w

—

Opportunities
—

«Financial support
«Market routes
«Relax licencing process
«Farmer rewards i.e.
carbon credits

. )
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Policy recommendations

Figure 14 presents the roadmap for developing a strong
and resilient supply chain for hemp in Scotland. The rec-
ommendation is divided by timescale. Short-term rec-
ommendations can be achieved with minimal resources
in a period of 1-5 years. Medium-term measures are
those that require some amount of planning and com-
mitment from policymakers and stakeholders in the
hemp sector. These could be achieved within a timeframe
of 6-10 years. Finally, long-term recommendations are
expected to be achieved after 10 years, when the supply
chain is well developed. A brief description of the recom-
mendations is provided below.

Education/technical support

This study suggests that farmers believe that there is
prejudice against hemp crops. In collaboration with
the British Hemp Alliance, the Scottish Hemp Associa-
tion could develop a programme through educational
resources, such as a podcast and/or video series, to edu-
cate the population about the benefits of industrial hemp
and explain the differences between industrial hemp and
marijuana. This will help garner support from the grass-
roots community to advance the call for relaxation of the
legislation, help eliminate the prejudice the public has
toward the crop and gain support from the population to

« Difficult to obtain licence
«Low profitability of the
crop

«Lack of technical support
«Lack of processing
facilities

«No established market
routes

«High seed cost

«Weather limitations

eLabelling of hemp as a
restricted crop

«Difficulty in obtaining
licence

«Destruction of leaves and
flowers

«High licensing cost )

Fig. 14 A roadmap for developing a supply chain for Scottish hemp. Source: Own computation
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advance the goal of developing a supply chain for hemp
in Scotland.

The Scottish Agricultural College, which delivers exten-
sion services to farmers in Scotland, could also develop
programmes to provide both agronomic and technical
support to hempseed and fibre farmers. There is a need to
inform hemp farmers about the number of seeds needed
to grow hemp and fibre per acre of land, the depth to sow
the seed, the cultural practices to carry out before and
after planting and how to harvest their products to mini-
mise postharvest losses. This will be crucial to developing
a strong production chain in the supply channel.

Carbon credits

The Scottish Government aims to reach net-zero emis-
sions of all greenhouse gases and emissions by 2045.
Hemp cultivation could be a cost-effective means of
contributing to a net zero goal. This study therefore rec-
ommends including hemp cultivation as a strategy to
decarbonise the agricultural sector. Hemp has environ-
mental benefits, i.e. carbon sequestration and the ability
of the crop to store approximately 45% of the carbon it
takes from the atmosphere during photosynthesis [13].
However, a greater evidence base is needed to ascertain
the extent of the carbon sequestration potential of hemp
and how this potential compares with that of other crops.
The provision of permits to sell the carbon credits gen-
erated from planting hemp could support hemp farming.
Businesses looking to offset their carbon footprint could
be linked with these Scottish hemp farmers through the
Woodland Carbon Guarantee4F.* Farmers not only ben-
efit from the economic value of hempseed and fibre, but
also contribute to their sector and wider society, becom-
ing net zero.

Removal/relaxation of restrictions on hemp

A review of restrictions on places where hemp can be
grown would assist the sector and create the opportu-
nity to grow hemp on marginal lands. The UK govern-
ment (Home Office) could also ensure that the number
of days it takes for farmers to obtain a licence is reduced
since the crop can be grown only once a year. Licencing
cost and processing time are major deterrents for new
entrants; new farmers will be unable to benefit from the
environmental impact of the crop if this limitation is not
lifted.

* The Woodland Carbon Code is a government scheme administered by
Scottish Forestry but applicable across the UK.
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Strong horizontal and vertical linkages

One major setback identified in the Scottish hemp sec-
tor is weak horizontal and vertical linkages. It is recom-
mended that farmers develop strong horizontal linkages
among themselves to give a strong voice to the sec-
tor. Horizontal linkages refer to collaboration between
farmers, either formally or informally. Strong coordina-
tion and communication are necessary to build a strong
and resilient hemp sector, reduce transaction costs and
enhance the competitiveness of the industry. Farm-
ers must agree on what type of hemp variety to grow,
the quality and price to offer for sale, etc. Vertical link-
age refers to the relationship between firms at different
levels of the supply chain, i.e. between farmers and pro-
cessors, processors and retailers, retailers and consum-
ers, etc. Strong coordination between marketing channel
members is necessary for the development of the Scot-
tish hemp sector. Farmers must understand what proces-
sors want and how to meet their needs; processors must
understand the needs of retailers; and retailers must
understand what consumers want. The existence of a
strong vertical linkage between processors and consum-
ers will enable retailers to better communicate the health
and environmental benefits of hemp products to con-
sumers and receive appropriate feedback to give to pro-
cessors. This will facilitate the development of innovative,
affordable and appealing products that meet the tastes
and preferences of consumers. In summary, a strong ver-
tical link will likely reduce waste and inefficiency in the
supply chain.

Development of a strong processing sector

The Scottish hemp sector cannot achieve both national
and international impact without a thriving hemp pro-
cessing sector within the supply chain. Although new
products containing hemp ingredients are developed
each year in the UK food and drinks sector, other ave-
nues, such as the construction sector; livestock, poultry
and aquatic feed sector; and the cosmetic, textile, and
automotive industries, should be brought into the loop.
Hemp processing machinery requires significant financial
investment and therefore stakeholder support. A strong
manufacturing/processing sector will enhance the hemp
supply chain in Scotland, as this is the main limitation to
the development of the hempseed and fibre sector. Farm-
ers need to reduce the risk of their investment and com-
mit to large production only when there is a ready market
for their output.®

> According to a news item by The Press and Journal, cold pressed hemp
oil was commercially produced in Scotland in June 2022. This is a break-
through for hemp seed farmers in Scotland.
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In the short term, the Scottish Hemp Association can
act as a middle person to develop links with hemp pro-
cessors such as Good Hemp and IndiNature. Farmers will
be required to meet the quality requirements and supply
demand of these major processors to become their sup-
pliers. This could be achieved by working together with
academic sector/extension services to develop innova-
tive and higher-value products that meet the demands of
processors.

Scottish seed production centre

Currently, two types of hemp varieties are being tested
in Scotland: Finola and Henola. These products are
imported from outside the UK and may not be produc-
tive in Scottish conditions. To establish a strong Scot-
tish hemp sector, it is recommended that the sector that
supports organisations and research institutes explore
the potential to establish a hemp seed production cen-
tre. This will enable the centre to breed seeds that are
suitable for the Scottish climate and soils and meet the
quality requirements of UK-based processors. This will
potentially reduce the reliance on foreign partners such
as Germany and France for seeds. A strong Scottish seed
production sector will also enhance the sustainability
of the sector by limiting the impacts of external market
shocks on growers.

Strong and well-coordinated hemp growers’ associations

Finally, the SHA should work to develop a strong and
well-coordinated hemp growers’ association for Scotland.
This could be accomplished by holding regular meet-
ings to educate farmers on happenings in the sector and
address challenges faced by farmers. Working together
as a farmer group can increase the capacity of farmers,
give them market power to buy seeds and market their
outputs, and provide a strong voice to influence policy.
Farmers can also pull resources together to establish a
strong processing sector to extend the shelf life of their
products and increase their profit margins. The asso-
ciation could also rely on the expertise of researchers
working for the SEFARI and on SG-funded research pro-
grammes on hemp. This will help bridge the knowledge

gap-

Conclusion

The growing demand for eco-friendly food and industrial
products have renewed interest in industrial hemp which
is a low-cost, biodegradable, sustainable, and multi-pur-
pose plant. Hempseeds are high in protein, omega-3 and
omega-6 fatty acids, and hemp fibre is a sustainable alter-
native to cotton, fossil fuel, and current synthetic insula-
tion material. Many countries in Europe and Asia have
changed their laws to take advantage of the tremendous
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benefits that industrial hemp present. However, the
development of the sector in Scotland is very slow. The
goal of the present work is to provide objective insights
into the current and potential market opportunities, sup-
ply chain profile, and trends in new product development
involving industrial hemp to develop a roadmap for hemp
production in Scotland.

The study is based on desk research, primary and sec-
ondary data analysis. The literature review summarises,
collates and synthesises the results from existing research
on hemp production worldwide. It gathers online data on
published scientific and gray literature, as well as govern-
ment-published data such as FAOSTATS, EUROSTAT
and HMRC data. The results are based on the analysis
of secondary data from the Global New Product Data-
base (GNPD), which contains information on products
launched from 1997 to 2021 containing industrial hemp
as an ingredient. This information was used to assess
trends in new product development in the hemp market.
The second section of the results is based on the analy-
ses the supply chains for hemp seed and fibre in Scotland
using primary data collected from farmers in Aberdeen,
Aberdeenshire and Scottish Borders.

The results of the study show that the potential oppor-
tunities for hemp seed and fibre are vast: hemp can
sequester more carbon dioxide than traditional crops
can, improve soil biodiversity, extract toxins from soil
through phytoremediation, can be used as an eco-
friendly insecticide and pesticide, and provide an excel-
lent source of protein, fibre and micronutrient vitamins
and minerals, as well as a range of bioactive phytochemi-
cals. More than 4076 hemp-based products have been
launched worldwide. However, the supply chain for Scot-
tish-grown hemp is still underdeveloped. Farmers have
faced many setbacks, including a lack of well-established
market routes, high licensing costs and a lack of a hemp-
seed-pressing centre. The study concludes with strong
and time-bound recommendations that are necessary
to advance hemp production and in countries consider-
ing hemp production. In summary, these structures have
to be in place to develop a strong hemp sector: regular
extension services, easy access to licences for production,
established hemp seed and fibre processing plant, and
seed production centre.

Despite the contribution of the work to the discus-
sion on the topic, there are certain limitations that would
influence the generalisation of the results. First, the num-
ber of farmers that were sample are few. Unfortunately,
there are few farmers who are currently trying the crop
as a result we were unable to sample a number that
would increase the precision and generalisability of our
results. Future research can consider interviewing farm-
ers outside of Scotland to increase the sample size and
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the precision of the results. Also, the study relied heavily
on secondary data and literature which may not be fully
accurate and/or up to date. This could also affect the reli-
ability of the findings. A consumer and market analysis of
the use of hemp as food and fibre in Scotland will provide
a more accurate information about the market potential
for the crop.

Third, scope of the study was limited to farmers based
in specific regions of Scotland, such as Aberdeen and
Aberdeenshire. This may not fully represent the entire
country’s potential. Third, the GNPD does include the
type and quantity of hemp ingredients in the products
launched. This makes it difficult to ascertain the extent
to which the product can be considered as hemp-based.
Finally, the economic potential of the crop may be signifi-
cantly different for Scotland due to weather conditions,
seed type and geographical differences. Future research
could perform a cost—benefit analysis to ascertain the
economic viability of the crop in Scotland.
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