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Abstract

To achieve net zero greenhouse gas emission by 2050 as set out by the 2019
amendment to the 2008 UK Climate Change Act, a major shift towards renew-
able energy is needed. This includes the development of new methods along with
improving and upscaling existing technologies. One example of new methods in
bioenergy is developing new Miscanthus cultivars for electricity generation via
thermal power station furnaces. Miscanthus is still relatively new compared with
other agriculture practices, so market assessments and improvements are needed
to reduce the barriers to entry for prospective growers. This publication provides
a profile of UK Miscanthus growers and their businesses, their experiences of ben-
efits and drawbacks of the crop, and what they see as potential barriers to entry
for prospective farmers. A survey of current Miscanthus growers in England and
Wales was conducted and indicated that most farmers were content with the crop
and that its environmental and economic benefits were noted. However, it was
evident that with a geographically limited UK market, growers wanted to see a
better distribution of biomass processing stations to reduce the ongoing costs of
transport. With growing demand for renewables, including bio-energy sources, it
was determined important to provide information and support for stable farming
operations and to incentivise the adoption of Miscanthus. Such incentives include
ongoing development of new cultivars, focussing on traits such as production po-
tential and stressor resilience, and growers indicated preference for an annual
planting grant. These developments are predicted to further improve the crop's
profit margin, making it a more cost-effective crop for farmers. Sensitively man-
aged Miscanthus also has the potential to contribute to carbon sequestration, soil
health, and aspects of farmland biodiversity. Incentivising such management in
government land-based environmental schemes would offer additional income

streams and help to promote environmental positive crop planting.
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1 | INTRODUCTION

Ideal bioenergy crops are perennial, such as the Elephant
grass (genus Miscanthus), use resources effectively (e.g.,
being water- and nutrient use efficient), require low to no
addition of fertilisers, contribute to soil carbon storage,
and are non-invasive (Heaton et al., 2004). Miscanthus has
a life span of up to 20years and although it originated in
Eastern Asia, some species have developed cold tolerance,
allowing it to thrive in temperate climates (Clifton-Brown
et al., 2015; Finch et al., 2009; Karp & Shield, 2008). One
such species is Miscanthus xgiganteus (referred to as
M x g; herein referred to as Miscanthus), a hybrid between
Mischanthus sinensis and Mischanthus sacchariflorus
(Carroll & Somerville, 2009). This hybrid is a highly pro-
ductive, rhizomatous perennial grass that is non-invasive,
due to being sterile (Anderson et al., 2011). Once the crop
is established, it can grow up to 4 m tall in one growing
season. The harvested dry mass in the United States can
be up to 40 tonnes per hectare per year (tha™" year ) and
yields in temperate Europe average 19tha™" year !, and
12tha™! year™ in the United Kingdom (Harvey, 2007;
Lewandowski etal., 2003; Shepherd et al., 2020). Compared
with other perennial bioenergy crops such as short rota-
tion coppice (SRC) willow, Miscanthus yields a greater dry
matter content, albeit providing a lower energy content
than SRC willow (DEFRA, 2019a; Hastings et al., 2014).
Miscanthus also sequesters carbon and can grow on mar-
ginal lands and unused fields (Carroll & Somerville, 2009;
McCalmont et al., 2015; Milner et al., 2016). Other bene-
fits include that Miscanthus does not require fertiliser use
after establishment, and no field management other than
the annual harvest (Shepherd et al., 2020).

Miscanthus has been cultivated for combustion in
Europe since 1935 and has been part of the agricultural
landscape of the United Kingdom (UK) since the 1990s
(Clifton-Brown et al., 2015). In the United Kingdom,
bioenergy is generated from Miscanthus, with the crop
usually dried, chopped, and packed into bales for firing
in power station furnaces although it can also be pressed
into pellets or briquettes for use in domestic or larger boil-
ers and burners (Terravesta, 2022). While having some
use outside of the bioenergy market, such as livestock
bedding, phyto-remediation, construction, insulation,
reinforcing fibres and domestic fuel, it has a greater ef-
ficiency for energy generation in comparison with first-
generation crops such as sugar beet, corn or rapeseed and

a higher greenhouse gas (GHG) mitigation potential, due
to its’ lower input requirements (Don et al., 2012; Karp &
Shield, 2008; McCalmont et al., 2015). Even with these ev-
ident benefits, Miscanthus accounts for less than 1% of the
UK's bioenergy crop use, with the rest being accounted for
by wheat and maize mostly, as well as sugar beet and SRC
(DEFRA, 2019a).

It has been determined that, when excluding all unsuit-
able and restricted lands, the United Kingdom has a max-
imum of 8.5 million ha of land that could potentially be
available to grow bioenergy crops (Lovett et al., 2014). As
of 2021, however, the total land coverage for Miscanthus
in the United Kingdom makes up less than 0.1% of that
(~10,000 ha). Incentives to increase dedicated energy crops
(DECs) such as SRC and Miscanthus in England, Wales
and Ireland have included the two Energy Crop Schemes
(ECS) which ran from 2000 to 2006/2007 (ECS1) and
2008-2015 (ECS2), supporting farmers with, for example,
establishment costs (Glithero et al., 2013), but not with on-
going costs like harvesting and transport (Thornley, 2006).
The second ECS (ECS2) successfully incentivised growers
to switch to Miscanthus, leading to an increase from just
more than 300 growers in 2008 to more than 400 in 2015.
Even after the end of the ECS2, however, the number of
Miscanthus growers in the United Kingdom continued to
rise, reaching almost 800 in 2017 (Figure 1). ECS2 had a
substantial effect on enabling farmers to grow Miscanthus,
as well as improving the machinery and investing in re-
search to improve the output (Terravesta, 2021). The
efforts of the UK government and the UKRI to fund re-
search have facilitated and improved breeding, agronomy,
and harvesting with projects like GIANT-LINK (http://
www.miscanthusbreeding.org/results.html), which make
the crop more acceptable for farmers. It was found that
the most common reason for growers to invest into
Miscanthus were not based on the financial return, but in-
stead related to the low requirement for field operations,
low maintenance cost, and regeneration capacity. This
provides a practical solution for fields that are difficult to
access with social acceptance near public fields, as well as
allowing to use the fields for gamebird cover, providing a
secondary income. Thus, Miscanthus provides a solution
to practical problems while improving the environment
(Shepherd et al., 2020).

With the current policy to reduce GHG emissions and to
invest in carbon capture and sequestration methods (e.g.,
through the Carbon Capture and Storage Infrastructure
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Fund (CIF); BEIS, 2021b), the focus is shifting to increas-
ing Miscanthus as a crop for bioenergy (BEIS, 2021a;
CCC, 2019; Clifton-Brown et al., 2017) and also now for
GHG removal. The UK bioenergy power stations which
use Miscanthus today were initially designed to burn ex-
cess cereal straw, but there is a preference for Miscanthus
fuel, due to better combustion properties. However, the
annual Miscanthus production of ~100,000t is insuffi-
cient to meet the ~500,000t annual fuel requirement of
such power stations (Harvey, 2007). Based on the Climate
Change Act (UK Government, 2008, 2019), the United
Kingdom is required to achieve a net 100% reduction in
GHG emissions by 2050 compared with 1990 levels. Now
that the United Kingdom has left the European Union
(EU), the United Kingdom is no longer tied to Common
Agriculture Policy (CAP) regulations and is currently for-
mulating its own land use and farm incentive plan called
the Environmental Land Management Scheme (ELMS) in
England, which is likely to include bioenergy crops in the
climate mitigation and adaptation elements of this policy
(Cross et al., 2021). Schemes like ELMS are also in prog-
ress in the devolved nations. Miscanthus reduces fertiliser
need due to its high nitrogen (N) recycling efficiency
and hence has a reduced nitrous oxide (N,0) emission.
Miscanthus is thus considered to be an environmentally
sustainable crop for inclusion in ELMS (Don et al., 2012).

1.1 | Aims and objectives

Conventionally, Miscanthus has been propagated on
from rhizomes in rhizome-nursery fields via in vitro
propagation—a relatively slow and expensive process,
which meant a delay to provide growers with plants and
a limited ability to increase planted area (Clifton-Brown
et al., 2017). Seed-propagated hybrids of Miscanthus fa-
cilitate a more rapid upscaling of the crop, which will be
essential for meeting demanding decarbonisation targets.

Year

mmmm New crop cover Number of growers

With new hybrids of Miscanthus ready to be introduced to
the market, and the need for meeting net zero targets, an
expansion of Miscanthus growers is needed. This research
is aimed at understanding the motivation of farmers to
grow this new crop as well as to understand the barriers
to adaptation, informing strategies to attract new growers.

This research examines the current situation of
Miscanthus growers in the United Kingdom, as well as
establishing the needs that must be met to ensure the suc-
cessful future expansion of Miscanthus growers. The work
aims to develop a profile of the typical Miscanthus grower
and their farm through targeted questions in an anony-
mous survey. Questions about the perceived drawbacks
and benefits of the crop provide insight into the aspects
of the cooperation between growers and the industry that
require strengthening. The results of this survey are also
assessed considering previously conducted works to deter-
mine potential changes in perception over time.

2 | MATERIALS AND METHODS

2.1 | Grower questionnaire

The grower's questionnaire was sent out to all Terravesta-
contracted Miscanthus growers in England and Wales in
August of 2021. The questionnaire contained 37 questions
(Material S1) with initial questions about the farm, fol-
lowed by questions about the grower's demographic status
and experience in the sector (age, education, involvement
in green schemes, etc.), followed by questions on their
experience of the benefits and drawbacks of growing
Miscanthus. Thesurveyincluded multiple-choiceand open-
ended questions, with multiple-choice responses based
on the 5-point Likert scale: ‘strongly disagree’ (score 1),
‘disagree’ (2), ‘neutral’ (3), ‘agree’ (4), and ‘strongly
agree’ (5). The statements were based on the outcome of
a previous grower's survey by Shepherd et al. (2020) and
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discussion with stakeholders and other researchers asso-
ciated with the UKRI funded Supergen Bioenergy Hub.

The questionnaire was created in Snap 11 (Version
11, build 11.22), which is managed online by the Snap
WebHost. The questionnaire passed the research ethics re-
view of the University of Aberdeen and a link to the ques-
tionnaire was distributed by Terravesta in a newsletter
sent to their Miscanthus growers. The questionnaire was
open until the October 31, 2021. Although the participa-
tion remained anonymous, interested parties were offered
the opportunity to access a separate prize draw link at the
end of the questionnaire as an incentive to respond to the
survey.

Each grower was asked to answer the questionnaire,
only two questions (questions 1 and 21) were manda-
tory, and all others were voluntary (Material S2). The
analysed results were given as a percentage of responses,
also accounting for missing responses. Where a limited
number of response options were provided, a follow-
ing question allowed for free input to provide other re-
sponses that were not included in the list. Descriptive
statistics were calculated to summarise the survey data.
Responses to open-ended questions were captured in a
table. Data visualisation used Excel (Version 2202, build
16.0.14931.20118).

3 | RESULTS

3.1 | About the farm

A total of 17 current Terravesta Miscanthus growers re-
sponded to the survey, and the raw data of all responses
can be found in Material S2. Growers were asked their
type of farm, and allowed to respond with more than one
type. Most farms were arable (65%), energy related (41%),

(a) Types of farm(s)
80

Percentage
[~ 4 (=)
(=] (=] (=]

0

&
& S N S N
. u‘\\ \Q‘b% N & &
& ) IS b &
‘2\0 & & A% &%
o & <

> Nl S £
SIS OQ\@

and/or pasture based (35%; Figure 2a). Only six farms
were solely dedicated to arable farming, and one to each
pasture, horticulture, and energy-related farming. The re-
maining eight farms were a mix of different types of farm-
ing operations. Almost 60% of surveyed farms were small
businesses (labour for less than two full-time workers as
defined by the Farm Business Survey for England, Wales,
and Northern Ireland; DEFRA, 2022), and less than 40%
were medium sized (labour for 2-3 full-time workers;
Figure 2b).

A total of 88% of energy-related activities were
Miscanthus crop, followed by 24% using solar power, and
12% each for willow and wind power. 6% also responded
with biomass heating and SRC (other tree species than
willow; Figure 3a). Excluding very small areas of under
5 ha Miscanthus crop area produced a “U” shaped distri-
bution with most growers either having small 5-9 ha or
large areas >20ha (29% in both cases) farm (Figure 3b).
For most farms presented here, Miscanthus made
up between 5% and 40% of area cover, with only one
farmer having less than 2% Miscanthus cover, and one
solely farming Miscanthus (data not shown, for details
see Material S2). Most respondents started growing a
Miscanthus crop during the period 2015-2019 (35%), fol-
lowed by 29% during the period 2005-2009, followed by
18% before 2004, and 12% during the period 2010-2014
(Figure 3c).

About 70% of participants stated that before plant-
ing Miscanthus the fields were used for arable rotations
(Figure 4a). Of these, almost 40% grew wheat during their
last rotation prior to planting Miscanthus, whereas barley
and oilseed rape were the second and third most previ-
ously planted crop (16% and 19%, respectively). When
asked what would currently be growing on the field, if
they had not planted Miscanthus, more than 70% of re-
spondents stated they would have used the field(s) the

(b) Farm size
60

Percentage
(=] B
(=1 (=] (=]

FIGURE 2 Type (a)and size (b) of the farms owned by the respondents, presented as percentage of total answers (n = 17). For the
farm type, multiple responses could be given. For the farm size, small is defined as having a labour requirement of less than two full-time
workers, medium as requiring at least two but less than three full-time workers, large as requiring at least three but less than five full-time

workers, and very large as requiring five or more full-time workers.
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FIGURE 3 Type of energy-related farm use (a), Miscanthus crop area (b), and year of first Miscanthus planting (c), presented as

percentage of total responses (n = 17).

(a) Last pre-miscanthus crop type

%

- = Cereals
= Fallow = Hay/silage Maize
= Pasture/livestock Other fodder crop Oilseedrape
= Arable rotations = Potatoes

3% NN

16%

(b)  Field use, if it were not used for
miscanthus crop

3%, g0 3% 37

19%

. .
= Wheat [ ]

Barle : : ;
- Sugarybeet Same as pre- Dllfferent to pre- No mfor.matlon
= Rye miscanthus crop miscanthus crop  provided

FIGURE 4 Crop grown in fields now used for Miscanthus prior to first planting it (a) and use of the field, if Miscanthus had not been

planted (b) presented as percentage of total answers (n = 17).

same way they did in the year before planting Miscanthus.
Only one participant did not provide any information to
this question (Figure 4b).

Although none of the farms were organic, more than
70% of participants implemented agri-ecological strategies
at their farm, and more than 50% were part of environ-
mental schemes (Figure 5a). In addition, more than 40%
of the respondents used renewable energy for the farm, of
which 55% was solar energy (Figure 5b). Other forms of
renewable energy used were wind power (18%), biomass
(18%), and ground source heating (9%).

3.2 | About the grower

In the survey participants, the typical business decision-
maker was >60years old, followed by 41-59years old,
and only 10% were 26-40years old. Additionally, re-
sults showed that only two of the participants had no

post-school educational certificate or degree, both of
which were <40years old (Figure 6a).

When asked about the importance of different sustain-
able agriculture-related aspects to the decision-making
process of the farm (Figure 6b), it was found that most of
these issues were considered as relevant or very relevant
(response levels 4-5). “More wildlife in the fields” and “less
chemicals in water and soil” were considered to being the
most important factors for decision-making, although 30%—
50% of the respondents said that all listed options were very
important (response level 5) or important (level 4).

3.3 | Benefits and drawbacks of
Miscanthus

When questioned on the drawbacks of Miscanthus, only
one participant found Miscanthus not to benefit the farm,
whereas two respondents were unsure and the remaining
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FIGURE 5 Type of environmental strategies implemented at the farm (a) and use of renewable energy (b) presented as percentage of

total responses (n = 17).

(a) Age of business decis.ion—maker and (b)
post-school educational degree
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FIGURE 6 Age of the business decision-maker (a; percentage of individuals per age bracket without a degree shown in orange). The

importance of sustainable agriculture options to the business decision-making process (b; with responses for each option given from 5 [very

important] to 1 [not important at all]).

14 farmers found the crop to benefit the farm. The three
respondents who answered “no” or “I don't know” were
then asked for potential reasons, with the most relevant
option being that there was no problem with the crop,
but no benefit either. Only one of those who qualified for
this question felt that the lower than expected yield was
a highly relevant drawback (response level 5), whereas
the remaining two growers did not respond. The remain-
ing potential drawbacks were perceived as a relevant (4)
drawback by one third of respondents, whereas the re-
maining two thirds were neutral (3) or considered it less
relevant (2) (Figure 7).

When asked about the economic benefits of Miscanthus,
the most common response (29%) was that the reliabil-
ity of the market, and the improved profit margin of the
fields growing Miscanthus were the most relevant bene-
fits (Figure 8a). Overall, most responses for the provided

options were between response levels 5 and 2, with only
the option of Miscanthus having no overall effect on the
farm economy being not applicable at all (1). Other rea-
sons provided for improving farm economy were reduced
workload, reduced need for hired labour, the use of small
fields, the spreading of risk because of a guaranteed mar-
ket, the low maintenance requirements of the crop, and
that the crop was good on wet heavy land (Table 1).

The reduced need for spraying near playgrounds and
homes was the most common ‘very applicable (5) re-
sponse when asked about the benefits of Miscanthus
in practical aspects of the farm (Figure 8b). A more
homogenous distribution of votes for all four response
options between 5 and 1 was observed for this ques-
tion. Additional reasons for the practical benefits of
Miscanthus were the reduced input requirements,
the contract-based collaboration being beneficial for
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FIGURE 7 Responses to whether
Miscanthus has a benefit on the farm and
possible reasons for a lack of benefits.
For the importance of the drawbacks,
responses for each option given from 5
(very important) to 1 (not important at

=Yes =No =Don't know

all).
(a) Miscanthus affecting the farm economy
Improved farm profit margin _ / _
oty [ m—
0% 20% 40% 60% 80% 100%
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Benefits of miscanthus and potential reasons for a lack of benefits

e

Lower yield than expected | N
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(b) Miscanthus affecting practical farm aspects
Use of remote/difficult fields -‘ ‘ _
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Jo effect on practical aspects _l ‘ _
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FIGURE 8 Responses to how Miscanthus affects the farm economy (a) and practical aspects (b). For the importance of the effects,

responses for each option given from 5 (very important) to 1 (not important at all).

inexperienced growers, reduced annual soil erosion of
blow-away sand, reduced need to use chemicals and fer-
tilisers, and the reduction of run-off of heavy rain and
soil (Table 1).

Most farmers did not notice a difference or a positive
effect of Miscanthus during Covid-19 (47% no difference
and 29% no, respectively) or Brexit (41% no difference and
29% no, respectively). One participant did not respond
(Figure 9). Of those who noted a positive impact of grow-
ing Miscanthus during Brexit (n = 2) or Covid-19 (n = 4),
75% stated that the secure contract and reliable market
were the reason for the noted benefits, whereas 50% re-
sponded that the freed up time was beneficial, and 25%
also stated that the reduced need for labour was helpful.

When asked about practical difficulties with growing
Miscanthus, 35% of participants felt that they had not re-
ceived enough information about Miscanthus crop grow-
ing prior to the first harvest, and only three respondents
said they removed Miscanthus crop from their field and
found it difficult (Material S2).

When asked about the barriers to expanding the cur-
rent Miscanthus cropping area, most respondents felt that
the cost of establishing the crop was the greatest barrier
(response level 5: 53%, 4: 18%, and 3: 18%). This was fol-
lowed by the lack of suitable land available for the crop (5:
12%, 4: 18%, and 3: 53%), the use of contractors (5: 6%, 4:

29%, and 3: 39%), and the potential lack of trust in the crop
or company (5: 6%, 4: 24%, and 3: 29%). With 41% of par-
ticipants stating it was not important at all, crop vandal-
ism was the option that least limited the crop expansion
(Figure 10a). Other barriers to entry included the cost of
road haulage, the limited market, and changing contracts
(Table 1).

When asked in what form any financial incentive
should take, the grower's preference for payment method
was an annual planting grant (41%), the second most pop-
ular was an annual payment at harvesting (35%). 12% of
growers had no preference for payment method and one
participant in each case preferred not to respond or did not
answer (Figure 10b). Of all participants, 71% further stated
that they would consider expanding their Miscanthus crop
in the future, whereas 18% were not sure, and only 12%
answered with ‘no’ (Material S2).

The main characteristics that growers believe would
improve the production of Miscanthus in the United
Kingdom are listed in Table 1. The need for government
incentives or subsidies was stated, as well as the need for
the government to recognise, and monetarise, the carbon
capturing and sequestration benefits of Miscanthus. The
responses also indicated that there was a general lack of
information regarding the short- and long-term benefits
of Miscanthus, which might be limiting potential growers
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TABLE 1 Quotes and paraphrasing of answers given to questions regarding the farm economy and practical aspects (questions 24-27),

barriers to extending Miscanthus crops currently (questions 22-24) and the main characteristics that may improve Miscanthus production in
the United Kingdom in the future (question 36)

Benefits to the farm
economy

Freed up workload

Use of small fields
Reduced need for hired
labour

Crop is good on wet
heavy soil

Spreads the risk due to a
guaranteed market

It is a low maintenance
crop once established

Benefits to practical
aspects

It requires less input
than other crop

It stopped annual soil
erosion of sandy
soil

It reduced run-off after
heavy rains

It is entirely
contractor/rent-
based, which is
beneficial for
inexperienced
growers

It reduced the need
for chemicals and
fertilisers

Barriers to extending
Miscanthus area

Landlord/shoot

Changing contracts and
payment delays

Cost of road haulage

With a limited market,
some regions experience
higher transport costs

Research for alternative
uses and more
distributed processing
would be required

Improving Miscanthus production in the
United Kingdom

Recognition of the crop as being carbon negative
(capturing/storing carbon) and monetising
the capture/sequestration

More outlets for the crop are needed
The ignorance to the crops' advantages
It is not mentioned by DEFRA/RPA

Most farmers have no first—/second-hand
experience with the crop and are wary of
switching

Government incentives or subsidies are needed
More local markets

Increased bale prices and a less complicated price
formulation

Research on long-term soil health benefits

Agronomic steps to extend maximum yield over
increase lifespans to reduce replanting needs

A larger selection of high-yield variants for

different soil conditions

Benefits of miscanthus during Brexit/Covid-19, and potential reasons

Brexit

80

6%
Covid-19

')
o
) 0

Percentage
P D
S (=]

[\
(=)

.y Secure Reduced need  More time to Other
es = No . .
. contract/reliable for hired labour spend on other
= No difference Not answered market matters

FIGURE 9 Potential benefits of Miscanthus during Brexit/Covid-19 and the potential reasons for these perceived benefits.

from entering the market, and that the market overall was
not ready for large-scale Miscanthus operations.

4 | DISCUSSION

With the readiness to market of a new seed-propagated
variety of Miscanthus, promising a greater upscaling po-
tential and resilience, the industry capacity to expand

through, for example, an increased availability of rhi-
zomes, plant plugs and seeds, needs an increased num-
ber of growers willing to plant the crop. This research has
highlighted the motivation and barriers to farmers to adopt
Miscanthus as a bioenergy crop. With increasing demand
for renewable energy, including bioenergy crops such as
Miscanthus (BEIS, 2022), the need for farmers to enter the
market must now be considered, to successfully upscale
the UK's Miscanthus crop and bioenergy sector. In this
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(a) Largest barrier to explanding miscanthus cropping area

(b) Preferred method of payment

Establishment cost | I

Ongoing management cost NN
Availability of suitable land  INEEEEE
Limited understanding in wider farm community NS
Crop vandalism IS
Trust in crop/company I
Increase of pest species/water scarcity | IR
I

Use of contractors

0% 10% 20% 30% 40% 50% 60%

H5 m4 m3 w2 1 mN/A mNotknown MNotanswered
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o
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3}

=%
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Annually Asa No  Rathernot Not
at harvest planting preference  say  answered
grant

FIGURE 10 The barriers to entry for expanding the Miscanthus crop area (a) and the preferred payment method (b). For the
importance of different barriers, responses for each option given from 5 (very important) to 1 (not important at all).

work, we sought to support this endeavour by profiling
UK Miscanthus growers and identifying barriers to enter-
ing the market, to help the government and industry better
understand the needs of prospective farmers and to deter-
mine who would be most likely to switch to Miscanthus in
the future.

4.1 | Survey responses in context

The demographic profile of Miscanthus growers sur-
veyed in this research show that most business decision-
makers are >60years old and have a post-school degree.
The average farm size for the surveyed farms is 223ha
(Material S2) and require less than two full-time workers
(Figure 2). To determine how representative the survey
respondents are for the average UK farm, the responses
were put in context of the 2019 ‘future farming and envi-
ronment evidence compendium’ (herein future farming
statistics) published by DEFRA (2019b). The age profile
and labour requirement of the survey respondents re-
flected distributions seen in national statistics presented
in the future farm statistics, with the national average
UK farmer being aged 60+ and a full-time work force
requirement of two for all non-horticulture operations
(DEFRA, 2019b). In addition, none of the farms pre-
sented here identified as organic (Material S2), which
makes them representative of most UK farms (97%).
However, the average farm size of respondents is above
the national average of 87ha (DEFRA, 2019b), and 71%
of respondents stated a farm area exceeding the national
average.

Of the 17.4 million hectares of land used for the ag-
ricultural industry in the United Kingdom, the predomi-
nant farmed area is grassland, only around 30% of this is
accounted for by croppable area (DEFRA, 2019b). If the
17 respondents of this survey represent an average cross-
section of the current Miscanthus growers (Figure 2a),

their predominant previous land use being arable, further
supported by the findings of a previous survey (Shepherd
et al., 2020), this would suggest that livestock farmers are
not as likely to convert to Miscanthus.

Most farms presented here either have between 5 and
9 ha of Miscanthus crop, or more than 20 ha (Figure 3b).
Although the total area of Miscanthus in England be-
tween 2008 and 2017 is between 6905 and 9213 ha, the
average areal coverage per grower falls between 9.36 and
23.41ha (DEFRA, 2019a). Thus, around 30% of farm-
ers presented here, have an above average crop area for
Miscanthus, compared with the national average. Most
respondents stated that their Miscanthus fields had a
previous arable land use with crop rotations. The future
farming statistics outline that more than 40% of the cur-
rent used agricultural area is accounted for by arable
crops, with permanent grasslands being the only larger
sector (DEFRA, 2019b).

4.2 | Environmental drivers for the
adoption of Miscanthus

Respondents were asked whether environmental con-
siderations impacted their decision grow Miscanthus.
Although this was not scaled against alternative factors,
such as financial reward, all growers noted that positive en-
vironmental impacts were factors in the decision-making.
Of the environmental impacts considered soil health was
the most important contributing factor in this decision-
making. With 33% of UK soils being degraded, and more
than 1 mil. ha being at risk of erosion (DEFRA, 2019b), the
fact that soil health was among the most important con-
tributors to farming decisions being made (Figure 6b) is
representative of farmer awareness of this condition. This
might be explained by the fact that Terravesta actively
seeks out the least productive field(s) of a farm, highlight-
ing the regenerative benefits of Miscanthus (pers. Com.).
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In 2020, the United Kingdom developed a 10-point
plan for a green industrial revolution, which includes
addressing usage, carbon capture and storage (UCCS)
processes (HM Government, 2020). On a small scale, a
payment programme for carbon captured in soils has al-
ready been developed by Soil Capital, offering a minimum
of £23/t of carbon dioxide equivalent for improvements
that reduce GHG emissions as well as increasing carbon
storage in soils (Abram, 2021). The latter would include
Miscanthus, known for its soil carbon storage ability (see
e.g., McCalmont et al., 2015). Additionally, the nitrogen
recycling ability of the crop means that less GHGs are
being created through nitrification. This further supports
the UK's aim to reduce the nitrate pollution (House of
Commons, 2018).

4.3 | Use of other renewables

Additionally, around 21% of UK farms carry out solar
energy operations, and 10% use other sources of renew-
able energy (DEFRA, 2019b). Overall, 41% of the farm-
ers presented here used some form of renewable energy,
with solar energy accounting for 55% of those that do
(Figure 5b). Thus, it could be theorised that many growers
who are investing into bioenergy crops such as Miscanthus
are more inclined to also get involved in other green en-
ergy or environmental schemes for alternative energy
sources for farm use. This is often made more accessible by
companies such as Solarsense, offering asset finance sup-
port and competitive power purchase agreements (PPAs)
for farms to make use of solar energy (Solarsense, 2022).
PPAs lower the cumulative energy costs, providing an
additional incentive for using renewable energy sources
(World Bank Group, 2021). Additionally, offers such as
the West of England Green Business Grant for small and
medium businesses allow for the coverage of 40% of eli-
gible costs for the installation of commercial solar panels
(WECA, 2020). These show direct and long-term incen-
tives for farmers that are also needed for bioenergy crops
such as Miscanthus.

4.4 | Barriersidentified

From the survey some of the barriers to taking up
Miscanthus crop were established (Figure 10a). The survey
responses mentioned lack of trust in the crop, which has
previously been described as an uncertainty around the
financial returns on the crop in comparison with arable
crop returns (Adams et al., 2011; Sherrington et al., 2008;
Thornley, 2006). Although none of the participants of the
survey presented here noted that the limited market itself

was an issue, the resulting road haulage costs were noted as
a barrier (Table 1). ECS1, aimed at increasing the amount
of energy crop grown in the United Kingdom, addressed
establishment cost only by providing a fixed rate payment
per hectare, covering 40%-50% of the costs for establish-
ing energy crops such as Miscanthus (DEFRA, 2003) but
ignored the need for an established market. The second
ECS was launched in 2008, also covering 50% of estab-
lishment costs. However, ECS2 was launched during a
time of increased demand in the bioenergy sector, lead-
ing to a greater interest in the scheme during its second
phase before its end in 2015 (NNFCC, 2012). Although
the schemes supported farmers with establishing costs,
ongoing costs like harvesting and transport were not cov-
ered in either case (Glithero et al., 2013; Thornley, 2006).
Previous surveys outlined similar barrier perceptions, as
it forces a reliance on a limited number of purchasers and
the small number of alternative markets for Miscanthus
(Piterou et al., 2008; Sherrington et al., 2008), as well as
being concerned about the security of demand to warrant
the necessary long-term commitment in related bioenergy
sectors or companies (Piterou et al., 2008). The barriers
determined in the present survey, supported by previous
works, indicate that whilst there are no absolute barriers to
bioenergy crop growing (McCormick & Kéberger, 2007),
non-technical challenges must be addressed to remove the
perceived barriers farmers may have.

4.5 | Benefits identified by respondents

The present work has outlined that 94% of respondents
determined Miscanthus to having benefited their farm-
ing operations in some manner (Figure 7a). These ben-
efits included the reliability of the UK market due to
long-term contracts with Terravesta and the improved
profit margin (Figure 8a). The reliability of the market
was previously noted as a strong reason for entering the
Miscanthus growing market. Notably, from 2015 onward,
Terravesta has registered increasing growers interest due
to the stability of the market and also the improved plant-
ing of the rhizomes making for a more resilient crop,
allowing for the establishment of long-term contracts
(Shepherd et al., 2020). In practical aspects, Miscanthus
has reduced the need for spraying near playground and
homes (Figure 8b). With the reduced spraying of chemi-
cal or biological fertilisers near communities, the risk of
dermatological, gastrointestinal, neurological, carcino-
genic, respiratory, reproductive and endocrine effects are
significantly reduced (see e.g., Alewu & Nosiri, 2011; Mnif
et al., 2011; WHO & UNEP, 1990). The reduced fertiliser
reliance also reduces the run-off into surface waters, thus
reducing downstream effects on other ecosystems and
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could make Miscanthus an attractive crop to grow in ni-
trogen sensitive catchments which are numerous among
clay soil valleys like those in the southwest of England.

Another benefit determined here was the crop allow-
ing for the use of, marginal, remote, otherwise unusable,
or applicable fields (Figure 8b). Miscanthus requires little
input after the crop is established (two growing seasons),
which minimises the labour requirements, water use, and
the need for fertilisers and pesticides (Don et al., 2012;
Heaton et al., 2004). Paradoxically this means that due
to not requiring large spray booms, small or odd shaped
fields or those with obstructions can be used. Previous
works have further determined that the winter cover-
age of this perennial grass has positive effects on the
soil quality (Hansen et al., 2004; Heaton et al., 2004).
This was also noted as a benefit by survey participants,
stating that reduced soil erosion was observed (Table 1).
The crop was also found to benefit wildlife biodiversity
(Bellamy et al., 2009; Bocquého & Jacquet, 2010; Semere &
Slater, 2007a, 2007b). These were aspects that were ranked
of high importance in making business decisions in the
present survey (Figure 6b). This supports the alignment of
this crop with the needs and ideals of the farmers.

4.6 | Bioenergy policy landscape

Of the 8.5 million ha of land available for the growing of
bioenergy crops (Lovett et al., 2014), only 96,000 ha were
used for such crops in 2019. Of these 96,000 ha, Miscanthus
accounted for 8000 ha, whereas maize and SRC woodlands
accounted for 67,000 and 2000 ha, respectively (Bioenergy
Insight, 2020). This means, that currently only approxi-
mately 1% of the available land is being used for bioen-
ergy crops, of which Miscanthus made up less than 0.1%
in 2019. However, to benefit from the benefits that peren-
nial bioenergy crops such as Miscanthus have over annual
crops, a stronger focus needs to be placed on a supporting
policy framework.

The United Kingdom currently imports more than
60% of its heat and power biomass, as the demand of the
current biomass power stations cannot be met by crops
or trees grown in the United Kingdom. To determine the
research needs, policy requirements and stakeholder un-
certainties, a joint workshop was held in 2018. One issue
that was highlighted was that the policy and regulatory
framework in the United Kingdom, while successful at
stimulating interest in bioenergy production, had now
come to an end and future development is thus uncertain
(Brown, 2019a). The future policy-scene is thus unclear,
posing a challenge to companies that are aiming to estab-
lish in the market and increase bioenergy crop production.
It was determined that the expansion of the bioenergy

sector is currently hampered by barriers of a lack of finan-
cial support for renewable heat generation compared with
traditional fossil fuel use. Additionally, suggestions to re-
strict biomass heat plants to urban areas further limits the
potential contribution of rurally produced biomass to the
heat networks (Brown, 2019b). UK bioenergy is supplied
mostly by liquid biofuels and plant biomass, which can
include, for example, Miscanthus, but mostly uses wood
and wood waste, general waste, animal biomass, as well
as sewage and landfill gas (Brown, 2019a). This limits the
potential for the bioenergy sector in the United Kingdom
to increase by a factor of 2.5 by 2032 (Brown, 2019b), and
to help meet various policy targets in the short and me-
dium term, with technologies that are already available,
in many cases offering low-cost and renewable solutions
(Brown, 2019a). Drawing a link to the current energy mar-
ket and its responsiveness to political situations in other
countries (e.g., Russia), the need for more self-reliant mar-
kets is clear.

Suggestions for actions that would aid such develop-
ments include the introduction of a replacement for the
current Renewable Heat Incentive (RHI), which was
aimed at increasing the implementation of renewable
heat technologies in households and businesses, includ-
ing biomass pellet stoves and boilers for Miscanthus straw
by providing financial incentives (DECC, 2015). The RHI
further aimed to create a secure market for renewable heat
technologies, supporting the development of Bioenergy
with Carbon Capture Use and Storage (BECCUS), among
others (Brown, 2019¢), to which Miscanthus would further
contribute to. Once an even policy field has been created,
which supports the long-term investment into bioenergy
crops like Miscanthus, the perceived barriers to entry out-
lined previously can be addressed. With the proper rec-
ognition of the crop as a contributor to reaching the UK
CCC's goals, and with the clear long-term benefits of en-
tering a stable market for bioenergy crops, more growers
may be persuaded to grow Miscanthus, who might cur-
rently be convinced by the crop's biological benefits, but
not the economic situation.

5 | CONCLUSION

Although the survey is based on a limited number of par-
ticipants, given the limited number of commercial grow-
ers currently in the United Kingdom, there are some
indicators of farmer attitudes to Miscanthus from a num-
ber of these early adopters. For example, the survey has
highlighted that the market for bioenergy crops must
generate sufficient revenue, which must then be distrib-
uted accordingly among all actors in the value chain, to
be profitable and lucrative. Although the crop itself was
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found to have only one perceived drawback, the difficulty
in removing the crop (see question 30 and 31 in Material
S2), the barriers to entry were almost exclusively centred
around a lack of information and incentives. The recog-
nition of the crops benefits and its role in reaching the
UK's Committee on Climate change (UK CCC) targets
would greatly drive forward the movement to recruiting
new growers, as well as paving the way for the expansion
of processing facilities. Future scientific research should
thus strive to determine further benefits and uses of the
crop and ensure adequate understanding of the environ-
mental needs for successful growth. As the survey high-
lighted that the cooperation between the growers and the
industry were good, more focus should be placed on direct
dialogue with policy-makers, taking the needs of growers
and the concerns of stakeholders into consideration, to es-
tablish a bioenergy-friendly future in the United Kingdom.
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