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This study examines farmers’ willingness to sell straw for energy and material applications in Scania, Sweden.
Using interviews and surveys, we tested three empirical consequences derived from the premise that missing data
on farmers’ willingness to sell straw for energy may misrepresent the biomass supply in potential assessments.
Findings reveal willingness to sell straw depends on end use, with farmers preferring benefits like manure in
barter arrangements over bioenergy. Land tenure is key; those leasing over 50 % of their land are more likely to
be willing to sell. Contrary to expectations, straw supply is not highly price-sensitive; competing uses like animal
bedding influence decisions. Up to 57 % (95 % CI: 42-75) of cereal and oilseed land could be made available for
energy, though agronomic and competing use limit this potential. These results challenge viewing straw as a
residue and highlight the need for region-specific policies reflecting land tenure, local practices, and agronomic
priorities. Integrating nutrient recycling, diversified straw uses, and agroecosystem planning could enhance
biomass availability and agricultural sustainability. Further research should assess effectiveness, including car-
bon farming regulations. This study offers insights for aligning bioenergy goals with agricultural sustainability in

biomass policy.

1. Introduction

The European Green Deal mandates a 55 % reduction in greenhouse
gas emissions by 2030 compared to 1990 levels (European Council,
2025). A key component of this strategy is an increase in renewable
energy sources, targeting a 45 % share by 2030 (European Union,
2023a, 2023b). In 2023, renewables accounted for 24.5 % of the Euro-
pean Union (EU) energy use, with biomass being the largest contributor
accounting for half of this (EEA, 2025).

However, the composition of biomass used to meet these targets is
undergoing a transformation. Policy frameworks, such as the EU
Renewable Energy Directive (European Union, 2023a), emphasise pri-
oritising biomass types with minimal competition with the material
sector and avoiding unsustainable bioenergy pathways. For instance,
biofules and bioliquids from food and feed crops are capped at 2020
levels or a maximum of 7 % of total final use of energy in the road and
rail transport sectors. Instead, the directive promotes the use of
by-products, waste, and residues, including straw, identified as a

long-term sustainable feedstock.

Straw is frequently highlighted as a major contributor to biomass
potential in the EU (see e.g. Imperial College, 2021). Assessments of this
potential often follow a top-down approach, relying on agricultural
statistics and estimates of biomass that can be technically and sustain-
ably removed (e.g. Scarlat et al., 2019; Janiszewska and Ossowska,
2022). These studies typically distinguish various types of potential,
such as theoretical, technical, environmental, and economical, based on
assumptions about removability. However, despite their sophistication,
these assessments fundamentally rely on the availability of land for
cultivating straw-producing crops. Importantly, they often overlook a
critical factor: the role of farmers in determining the actual availability
of straw for biomass markets.

For example, Townsend et al. (2018) conducted a survey to inves-
tigate the use and potential supply of wheat straw for bioenergy. Their
findings revealed that even with generous payment offers, a significant
proportion of straw currently incorporated into fields would not be sold,
highlighting the constraints on straw availability due to farmers’
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preferences and current practices. Additionally, while higher straw
prices could incentivise increased supply, the study demonstrated sub-
stantial variability in farmers’ willingness to participate in straw mar-
kets, reflecting a potential limitation in biomass availability for
bioenergy feedstock.

The research by Anander et al. (2024) on the potential for biomass
production from Populus spp. on agricultural land illustrates the risks of
relying solely on biophysical land data. Their study found that land often
classified as “abandoned” in top-down assessments may still serve
important functions for farmers, such as crop rotation or other agricul-
tural practices, leading to an overestimation of land available for
biomass production. Similar findings were presented by Thomson Ek et
el. (2024). Anander et al. (2024) also demonstrated that less than 50 %
of farmers with unsubsidised arable land would consider cultivating tree
species for biomass, challenging assumptions about the availability of
agricultural land for biomass feedstocks. This highlights the need for
biomass assessments to integrate landowner perspectives to accurately
estimate the supply of biomass and avoid misleading expectations.

Similarly, studies of other biomass resources, such as roundwood,
have shown the importance of landowner perspectives in determining
the availability of biomass feedstocks. For instance, Blennow et al.
(2014) found that European forest owners’ willingness to supply
biomass for energy was not easily explained by price changes and
market conditions. Furthermore, their study concluded that the pro-
jected share of forest biomass needed to meet EU renewable energy
targets could not be met based solely on the current willingness of forest
owners to supply biomass. Such findings emphasise the gap between
theoretical biomass potentials and the actual decisions of landowners,
suggesting that landowner intentions and preferences should be incor-
porated into biomass potential assessments.

For instance, a study by Giannocarro et al. (2017) found that
although over half of farmers in Italy were willing to sell their cereal
straw, many demanded prices higher than the current local market rates.
Similarly, in the U.S., Lynes et al. (2016) identified key factors influ-
encing farm managers’ decisions to harvest crop residues, underscoring
the need for targeted policy measures. Given that most agricultural land
in the EU is privately owned (Eurostat 202.3), these findings suggest that
farmers’ willingness to sell straw can significantly impact the actual
availability of biomass for bioenergy.

The potential for increasing biomass supply for energy is also influ-
enced by economic factors such as price incentives. Gérard and Jayet
(2023) argues that higher prices and new market opportunities for
lignocellulosic biomass could lead farmers to account for crop residues
in their production choices. While a price increase may have limited
effects on residue supply, it can influence land allocation, yields, and
input use, raising important questions about the environmental conse-
quences of such policy measures. These findings align with the broader
argument that economic incentives are crucial for stimulating biomass
production, but they also highlight the need for careful consideration of
policy coordination between bioenergy and agri-environmental
objectives.

In Sweden, Borjesson (2021) analysed the potential for increased
biomass supply from various agricultural and forestry systems. He
estimated that Sweden could increase biomass supply to 55-80 TWh
annually by 2050, equivalent to 30 %-50 % of current bioenergy supply,
although this potential is influenced by environmental constraints and
policy decisions. Approximately one-third consists of biomass from
agriculture, with significant contributions from crop residues like straw.
However, the availability of biomass from crop residues such as straw
may decline over time due to changes in agricultural practices, land use,
and regulations related to carbon farming. This suggests a dynamic
interplay of factors that must be considered when evaluating Sweden’s
long-term biomass potential. From a policy perspective, there is also a
need for integrating economic incentives and policy measures that align
with both agricultural goals and bioenergy needs.

In this study, we focus on updating the availability of land for
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supplying straw from cereal and oilseed crops from a Swedish perspec-
tive, recognising that changes in this factor can affect all potential es-
timates, regardless of assumptions about soil carbon retention or
biodiversity needs. To identify factors influencing the potential supply of
straw from a farmer’s perspective, we conducted an exploratory pre-
study involving eight semi-structured interviews with cereal farmers
in Scania, southern Sweden (Text S1). The sample included both farmers
who currently sell straw and those who do not, capturing a range of
experiences and management strategies. Interviews revealed that
farmers’ willingness to sell straw is influenced by the intended end use of
the straw, land ownership and leasing arrangements (including re-
strictions on leased land), and straw price. Importantly, straw often
holds agronomic value, such as soil enrichment, which may outweigh
purely economic considerations, and decisions frequently fall along a
spectrum rather than simple yes/no choice. These qualitative insights
informed the design of a subsequent survey sent to a larger group of
farmers in southern Sweden, ensuring that the questions captured key
factors influencing farmers’ decisions and conceptual reasoning under-
lying the empirical tests.

The pre-study design employed a problem-feeding approach (Thorén
and Persson, 2013), where the issues and insights from initial farmer
interviews were “fed” into the design of the larger quantitative survey.
This interdisciplinary approach, applied here in a participatory and
transdisciplinary setting (Persson et al., 2018), ensures that local expe-
riences and knowledge help shape the research questions, hypotheses,
and interpretation of results. By integrating qualitative insights with
quantitative inquiry, the method supports a more grounded under-
standing of the barriers and incentives farmers face in the context of
biomass production.

This perspective aligns with the findings of Thomson Ek et al. (2024),
who emphasised the importance of economic incentives such as market
prices and subsidies in stimulating the production of bioenergy crops.
Additionally, the work of Giannocarro et al. (2017) supports this by
highlighting how market prices influence farmers’ decisions to sell crop
residues, including straw, for bioenergy production. Lynes et al. (2016),
and Anander et al. (2024) reinforce the idea that farmer preferences and
economic considerations, such as land leasing and price expectations,
are pivotal to determining the actual supply of biomass for energy.

However, previous Swedish studies have primarily focused on bio-
energy crops or general biomass supply rather than straw specifically
(Ostwald et al., 2013; Thomson Ek et al., 2024) or on cross-country
comparisons of farmers’ preferences for agri-environmental schemes
(Hasler et al., 2019). The present study therefore extends this literature
by providing the first empirical assessment of Swedish farmers’ will-
ingness to supply cereal and oilseed straw, and by explicitly analysing
how land tenure arrangements and end-use differentiation shape
farmers’ willingness to sell, two aspects that have received limited
attention in prior work. These findings also complement related Euro-
pean research on farmers’ willingness to sell crop residues in other
settings (e.g., Wilson et al., 2014; Giannocarro et al., 2017), which
highlight similar economic, agronomic, and logistical trade-offs.

1.1. Research context and objective

This study investigates the willingness of Swedish cereal and rape-
seed farmers to sell straw for bioenergy and bioproducts, with a focus on
the county of Scania, a major cereal- and oilseed-producing region in
southern Sweden. Scania was selected due to its high agricultural in-
tensity, limited livestock farming, and well-developed infrastructure
(Ekman et al., 2013). Building on the pre-study insights, we aim to assess
the availability of land in Scania for supplying cereal and oilseed straw
for energy and material applications.

Specifically, we test three empirical consequences derived from the
conceptual premise that 1/the absence of data on farmers’ willingness to
sell straw for energy purposes may lead to a misrepresentation of the
biomass supply from cereal and oilseed straw in biomass potential
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assessments:

a) among respondents willing to sell straw, the fraction willing to sell
varies across different end uses of the delivered straw,

b) it is more common for farmers leasing at least 50 % of the land they
cultivate to be willing to sell straw compared to those leasing less
than 50 %, and

c) the price of straw significantly correlates with respondents’ will-
ingness to sell.

Informed by the results, we assess the availability of land in Scania
for the supply of cereal and oilseed straw for energy and material ap-
plications. The results of this study provide insights into the market
potential for straw as a feedstock for bioenergy and bioproducts in
Scania, Sweden. It also includes an updated estimate of the availability
of land for straw supply, which contributes to an assessment of the
theoretical straw potential and is proportional to the technical potential.
These findings enhance our understanding of the factors influencing
farmers’ decisions to participate in bioenergy markets and support the
development of effective policies for the utilisation of agricultural resi-
dues in sustainable energy production.

2. Material and methods
2.1. Study area

Scania County, located in southern Sweden (Fig. 1), is characterised
by its extensive agricultural land coverage (45 %) (Statistics Sweden,
2023) and a high concentration of agricultural enterprises (Table 1). The
arable land in Scania is the most fertile in the country, with agricultural
production predominantly centred on annual crops, particularly cereals
(Swedish Board of Agriculture, 2025). However, significant variation in
land use exists within the county. Lowland coastal areas are predomi-
nantly dominated by agricultural land (60-81 %), whereas northern
central areas are largely forested (5-19 %), with the Intermediate region
exhibiting a mix of these land uses (Swedish Board of Agriculture, 2025)
(Fig. 1). Animal husbandry (cattle and milk production) is most common

N

Sweden

% .
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Table 1

Number of farms and arable land area by farm size category in Scania in 2020
(Swedish Board of Agriculture, 2025) and in the sample, along with area-based
weights for upscaling.

Farm size Farms in Arable land  Farms in Arable Area-
(ha) Scania in in Scania sample land in based
2020 (n) (ha) (n) sample (ha weight
0-2.0 749 227 - - -
2.1-5.0 1044 3958 2 6 660
5.1-10.0 1421 10 199 2 12 850
10.1-20.0 1110 15 756 11 194 81
20.1-30.0 584 14 412 9 237 61
30.1-50.0 701 27 498 11 474 58
50.1-100.0 862 61 727 33 2550 24
100.1 - 1112 301 184 54 15 058 20
Total 7583 434 961 122 18 530 -

in the forested and intermediate regions and least common in the low-
land region (Erlandsson, 1999). In 2020, the registered arable land area
in Scania amounted to 435 kha, representing 17 % of Sweden’s total
arable land area spanning 2.5 million ha (Swedish Board of Agriculture,
2025), excluding pastureland. Scania contributes the largest part of the
straw biomass potential, equivalent to approximately 40 % of the total
domestic potential of straw for energy purposes, according to Borjesson
(2021).

2.2. Survey

2.2.1. Survey design and sample selection

Building on the insights obtained from the explorative pre-study (see
Text S1) and the literature review, an unstratified, broad, internet-based
survey was conducted to obtain a diverse sample of farmers. A random
sample of 2558 farmers, representing 50 % of all main members of The
Federation of Swedish Farmers (LRF) in Scania, were selected and
invited via e-mail by LRF to participate in a web-based survey. The
parent member group comprises approximately 85 % of all agricultural
holdings registered in Scania’s farm register in 2020 (Swedish Board of
Agriculture, 2025).

Study area (Scania)

- Forested region
E Intermediate region
|:| Lowland region

[ ' I
0 50 100 Km

Fig. 1. The study area, Scania, is located in southern Sweden. The colour coding indicates three dominant types of land use. Made with Natural Earth and reproduced

from Anander et al. (2024).
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Table 2

Questions with response options analysed in the present study. See Supple-

mentary Information for the complete questionnaire.

Number  Question Response option

Q.1 In which harvest zone is the land Aggregated into three regions:
you cultivate located? * Forested region

Intermediate region
Lowland region
I do not know

Q.2 How many ha of arable land does It does not have any arable land
the farm you manage encompass? It has ha of arable land
(Include both owned and leased
arable land, but exclude arable land
you lease out.)

Q.3 How many ha of the arable land is I do not lease any arable land
leased? Ilease __ ha of arable land

Q.4 How many ha of your leasing Number of ha
contract(s) are covered by straw
harvest restrictions?

Q.5 What area of a) cereals (winter a/Number of ha
wheat, spring wheat, rye, winter b/Number of ha
barley, spring barley, oats, winter
triticale, and mixed grains for
maturity)

b) oil crops (winter rapeseed, spring
rapeseed, winter turnip rape, spring
turnip rape, and oil flax)

was cultivated on the farm you
managed in 2020? (Answer in
hectares. If the crop was not
cultivated, enter the number 0)

Q.6 On the farm that you managed in
2020, what area did you not harvest
any cereal or oilseed straw?

Q.7 If there was a demand and the straw I would consider selling straw:...
could be sold at a profit, does it to livestock use if I get the
matter for what it is intended to be  manure back...
used for? to livestock use without getting
Please tick one or more of the the manure back...
following options. to heat production...

as a feedstock intended for high
qualitative energy carriers (e.g.
liquid fuels)...

as a feedstock intended for new
products (e.g. bio-based plastics)
... I would not sell the straw
regardless of the intended usage

Q.8 What is the minimum price* (cents I would not sell my straw

of EUR per kg) you would consider
selling your straw for?

*The selling price refers to baled
straw in large bales collected from
the farmyard.

The production cost for baled straw
in 2018 was estimated to be 50-60
EUR per tonne of straw (5-6 cents
of EUR per kg)."

Source: Rosenqvist (2018)

regardless of the price

Don’t know

The lowest selling price (cents of
EUR per kg) is:

? The detailed farm locations were initially collected based on multiple har-
vest zones. For the purpose of this analysis, these zones were aggregated into
three broader regions: Forested region, Intermediate region, and Lowland region
(Table S1).

b The accepted price is given in “ére” where 100 6re (equivalent to 1 SEK)
approximated 0.1 Euro during the period from February to April 2021 (1 EUR =
10.14 SEK).

The survey was conducted in Swedish, with the questionnaire
developed and hosted using the Netigate (2024) survey tool. The ques-
tionnaire included a cover letter (see Supplementary Information) that
explained the study’s objectives and emphasised that participation was
voluntary. The survey contained 34 questions and none of the questions
were mandatory to answer (see Supplementary Information). The
questions analysed for this study focussed on the location, size, and
tenure of the farm; the size of areas used for cereal and oilseed crops in
2020; the cereal and oilseed areas for which straw wan not harvested in
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2020; and the end used for which the straw could potentially be sold for
profit, assuming demand existed and the minimum price requested
under those circumstances.

2.2.2. Data collection and response rates

The survey was deployed on February 17, 2021, and remained open
until April 23, 2021. A reminder about participation was issued once to
all the farmers in the sample. A total of 174 respondents submitted re-
sponses to the questionnaire, yielding a response rate of 7 %. Of these,
the responses of 31 respondents were excluded due to incomplete in-
formation. A refined sample of 143 responded to the questions used in
this study (6 % response rate), representing 2 % of the farming com-
munity in Scania. Among the remaining 143 respondents, 21 did not
cultivate cereals or oilseed crops in 2020 and were therefore excluded
from the analysis. The final analytical sample thus comprised 122 re-
spondents (Table 3).

Although modest, this response rate is in line with other recent
survey-based studies of farmers’ attitudes and decision-making, where
response levels below 10 % are common (Nepal et al., 2020; Rommel
et al., 2022). Similar challenges with recruitment and mode-dependent
response rates have been reported by Hasler et al. (2019), who found
lower participation in online surveys compared to mixed or face-to-face
approaches.

2.2.3. Data preparation

The sample data underrepresents smaller farms, as evidenced by a
lower proportion of farms in the smaller size categories compared to the
population data from the Swedish Board of Agriculture (2025) (Table 1).
The survey sample data included observations on total farm arable land
area (Q.2 in Table 2) and cereal and oilseed crop area in 2020 (Q.5 in
Table 2). Area-based weights were calculated for each farm size bin by
dividing the population areas by the total sample area (Table 1). These
weights were then assigned to the sample data according to the farm size
bin into which each observation fell. This scaling ensured that the area
predictions reflected the total population. However, it should be noted
that farms in the smallest size class were not represented in the sample.

The survey included questions requiring totals and corresponding
subsets. To resolve inconsistencies, totals took precedence over subsets
unless missing.

2.3. Statistical analysis

In this study, P.1 represents a conceptual premise about the potential
misrepresentation of biomass supply if farmers’ willingness to sell straw
is not accounted for. This premise cannot be tested directly. Instead, we
evaluate its plausibility indirectly by testing three empirical conse-
quences (P.la—c) derived from it. Bayesian statistical methods are
applied to these empirical consequences, allowing estimation of poste-
rior probabilities and credible intervals for group differences and re-
lationships. This approach provides an interpretable, probabilistic
framework for assessing the support for each empirical consequence
and, by extension, the conceptual premise.

Bayesian statistics were employed due to their suitability for small
sample sizes. Unlike frequentist approaches, which rely heavily on large
sample sizes for reliable inference, Bayesian methods can provide robust
estimates and credible intervals even with limited data (e.g. McElreath,
2016). This flexibility allows for more nuanced interpretation of results,

Table 3
Distribution of farms in the sample across regions (as shown in Fig. 1), along
with their mean farm sizes (n = 118).

Region Count Mean farm size (ha)
Forested region 8 80
Intermediate region 38 118
Lowland region 72 179
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especially when data are sparse or unevenly distributed across cate-
gories. Additionally, Bayesian analysis facilitates direct probabilistic
statements about parameters, making it particularly useful for under-
standing uncertainty and comparing outcomes.

Following Jeffreys (1939), and assuming weakly informative prior
distribution, the evidence strength was interpreted as described in
Table 4. Weakly informative priors were used to stabilise parameter
estimation and reflect minimal prior knowledge. While Jeffreys’ scale
was originally formulated with non-informative priors, its interpretation
remains valid under weakly informative priors, as they impose negli-
gible influence on the posterior distributions in this context.

2.3.1. Hypothesis testing and inference

To examine differences between groups of respondents, we con-
ducted Bayesian binomial and Bayesian proportion tests. To compare
differences between samples, we used the Bayesian Estimation Super-
sedes the t-test (BEST). This method estimates posterior distributions for
group means and standard deviations and quantifies the probability that
the mean value in one group exceeds another.

These tests were performed using a non-informative prior with a
prior probability of 0.5 and were implemented using the R package
“Bayesian First Aid” (Baath, 2014).

To evaluate differences in the maximum area available for harvesting
cereal and oilseed straw across respondent groups (Q.7 in Table 2) based
on the total scaled area cultivated with cereal and oilseed in 2020 (Q.5 in
Table 2), a Bayesian permutation test was conducted. This test accounts
for overlapping group membership and uses posterior sampling to esti-
mate probabilities and credible intervals for group comparisons.

The analysis involved the following steps: (1) weighted group sta-
tistics, including mean, total weight, and total harvestable area, were
calculated for the observed data; (2) permutations of the data were
performed to generate distributions of group-specific harvestable areas
under the null hypothesis; (3) posterior samples were generated for each
group using a normal distribution centred on the group-specific
permuted totals, with the standard deviation proportional to the
magnitude of the total. This approach implicitly assumes weakly infor-
mative priors based on the permuted data, reflecting the null hypothesis
distribution; (4) Bayesian probabilities, mean differences, and 95 %
credible intervals (CI) were computed to compare specific groups of
interest; and (5) a consistency check was performed to ensure the val-
idity of the analysis. This check included verifying that the posterior
probabilities were within a valid range (0-1), ensuring that the credible
intervals were logical (with lower bounds not exceeding upper bounds),
and identifying any discrepancies between observed and permuted
results.

To analyse the relationship between respondents’ minimum price of
cereal and oilseed straw (Q.8 in Table 2) and their willingness to sell
straw (fraction of land area cultivated with cereals and oilseed in 2020
where straw was excluded from harvesting without being subject to
harvesting restrictions, Q6 in Table 2), we employed a Bayesian robust
correlation analysis following Badth (2014). The analysis was imple-
mented in R via custom JAGS model using rjags (Plummer, 2025) and
coda packages (Plummer et al., 2006). This approach models the joint

Table 4
Evidence strength according to Jeffreys (1939), assuming
non-informative priors.
Evidence strength Posterior probability
Null hypothesis supported <0.5
Bare mention 0.50 < p < 0.77
Substantial evidence 0.77 < p < 091
Strong evidence 0.91 < p<0.97
Very strong evidence 0.97 < p < 0.99
Decisive evidence >0.99

The open-source software R Project for Statistical Computing v. 4.4.1 (R
Core Team, 2024) was used for all statistical analyses.
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distribution of the two variables with a multivariate t-distribution,
providing robustness to outliers and heavy-tailed data. Weakly infor-
mative priors were specified for the means, standard deviations, corre-
lation coefficient, and degrees of freedom. Markov Chain Monte Carlo
(MCMC) sampling was used to estimate posterior distributions of the
correlation coefficient and other model parameters. Posterior samples
were summarised as medians with 95 % credible intervals. Posterior
predictive draws were used to visualise uncertainty in the relationship
via 50 % and 95 % credible ellipses.

All Bayesian analyses were conducted to estimate posterior proba-
bilities and credible intervals, thereby providing robust and interpret-
able measures of uncertainty.

A Sankey diagram was constructed using the “networkD3" library in
R (Allaire et al., 2017). The diagram visualises the distribution of re-
spondents’ stated choices for straw use and the corresponding cultivated
land areas, with flows scaled proportionally to represent the areas
allocated to various end-use categories. Input data included the scaled
land area cultivated with cereals and oilseed in 2020, stratified by re-
spondents’ stated choices for straw use and minimum price levels with
fractions determined using bootstrapping methodology (Q.6-Q.8 in
Table 2).

3. Results

Three empirical consequences of P.1, which states that the absence of
data on farmers’ willingness to sell straw for energy purposes may lead
to a misrepresentation of the biomass supply from cereal and oilseed
straw in biomass potential assessments, were tested.

3.1. 1a/among respondents willing to sell straw, the fraction of
respondents willing to sell varies across different end uses of the delivered
straw

Under the assumption that there was demand and the straw could be
sold at a profit, an estimated share of 80 % (95 % CIL: 73-87) of re-
spondents expressed a willingness to sell straw (Q.7 in Table 2).

An estimated 52 % (95 % CI: 44-61) of all respondents were open to
selling straw for at least one alternative related to bioenergy or new
products, but an estimated 20 % (95 % CI:13-27) were not willing to sell
straw for any end use. We tested empirical consequence 1a/, which
states, among respondents willing to sell straw, the fraction of re-
spondents willing to sell varies across different end uses of the delivered
straw. Our analysis found very strong evidence (posterior probability =
98.5 %) that the willingness to sell depended on the intended end use of
the straw (Fig. 2) (Table 5). The effect was also reflected in the scaled
maximum land area available for each alternative end use. Our analysis
found substantial evidence that the maximum available area differs
between alternative end uses (Fig. 2) (Table 6). The scaled maximum
land area was calculated as the total area cultivated with cereals and
oilseed in 2020, adjusted for the area the respondents stated they would
never sell the straw from and the leased area under straw harvest re-
strictions. The largest land area was managed by those willing to sell
straw for livestock use, provided they received manure in return, and
those who favoured selling for high quality energy use.

3.2. 1b/It is more common for those leasing at least 50 % of the arable
land they cultivate to be willing to sell straw compared to those leasing less
than 50 %

In Sweden, the average fraction of leased arable land was 46 % in
2023 (43 % in Scania) (Swedish Board of Agriculture, 2025). A similar
proportion of the respondents’ total arable land area was leased (44 %)
(95 % CI: 32 %-60 %), with only 4 % (95 % CI: 2 %-8 %) of the leased
area subject to restrictions on harvesting straw (Q.3-Q.4 in Table 2)
(Table S2). Approximately 31 % (95 % CL: 23 %-39 %) of the re-
spondents leased more than 50 % of the land they cultivate.
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Fig. 2. Estimated relative frequency of willingness to sell straw by end use: (a)
fraction of respondents (%) willing to sell (Q.7 in Table 1), and (b) estimated
maximum land area available for each alternative, reflecting the total cereal
and oilseed area in 2020, adjusted for non-sellers, restrictions. Each dot rep-
resents a posterior estimate from the Bayesian model, and vertical lines indicate
95% credible intervals. Respondents could select multiple end uses. Total
sample size = 122.

We tested empirical consequence 1b/, which states it is more com-
mon for those leasing at least 50 % of the arable land they cultivate to be
willing to sell straw compared to those leasing less than 50 % using a
Bayesian proportions test. The results indicate very strong evidence
(posterior probability = 98.3 %) that respondents leasing more than half
of their arable land are more willing to sell straw to at least one end use
(Table 7). This difference persisted even when considering at least one of
the specific end uses new products, high-quality energy carriers or
heating, with a posterior probability of 99.8 %.

3.3. 1c/the price of straw significantly correlates with respondents’
willingness to sell

Among the 64 farmers open to selling straw for heating, high-quality
energy carriers, or new products, 36 specified a minimum acceptable
price. We tested the empirical consequence 1c/, which states that the
price of straw significantly correlates with respondents’ willingness to
sell. A Bayesian robust correlation analysis (Baath, 2014) was used to
analyse the relationship between fraction of area cultivated with cereals
and oilseed in 2020 and respondents’ willingness to sell straw. The
analysis accounted for adjustments, including areas for which the straw
was already harvested and leased areas under straw harvest restrictions.
The correlation was assessed in relation to respondents’ specified
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Table 5

Results of a Bayesian proportions test comparing the proportion of respondents
willing to sell straw for each end use. Note that respondents could select multiple
alternative end uses (Q.7 in Table 2). The total sample size of 122 refers to the
number of respondents surveyed, and the proportions are calculated from the
raw count of respondents in each group.

95 % Credible
interval
(lower-upper)

Estimated relative
frequency of
respondents willing to
sell straw

End use End use comparisons
(posterior

probability)”

High 0.48
quality
energy

(0.40-0.75) 73.9 % (High
quality energy >
New products)
93.8 % (High
quality energy >
Heating)
93.8 % (High
quality energy >
Livestock use)
81.5 % (New
products >
Heating)
81.9 % (New
products >
Livestock use)
50.2 % (Heating >
Livestock use)
Manure 0.52 (0.44-0.61) 73.7 % (Manure
back back > High quality
energy)
89.9 % (Manure
back > New
products)
98.5 % (Manure
back > Heating)
98.5 % (Manure
back > Livestock
use use)
(0.30-0.47) -

New 0.44
products

(0.36-0.53)

Heating 0.39 (0.30-0.47)

Livestock 0.39
use

@ Posterior probabilities reflect the likelihood that the proportion of re-
spondents willing to sell straw for one end use exceeds that of another.

hypothetical minimum price (Fig. 3) (Table S3).

The analysis revealed a weak, not statistically significant negative
correlation (p = —0.03) between the minimum acceptable hypothetical
price per kilogram of straw and the willingness to sell straw. While there
is some indication of a negative relationship, it is weak and not signif-
icant, implying that other factors beyond price likely play a more sub-
stantial role in farmers’ decisions to sell straw.

We also tested for a difference in minimum price between regions
(Table 8). The analysis accounted for already harvested straw and leased
areas with straw harvest restrictions. The results suggested substantial
evidence (79.9 % probability) that the minimum price was higher in the
Intermediate region compared to the Lowland region.

3.4. Assessing land availability for straw-based energy and new material
applications

Within the sampled farms, 71 % (302 kha when scaled to the parent
population), was used for the cultivation of cereals and oilseed in 2020
(Table S4). Straw was harvested from 36 % (95 % CI: 28 %—45 %) of this
scaled cultivated area (Table S4). However, the rate of straw harvesting
varied between farms. The results suggest strong evidence (p = 0.96)
that the rate of straw harvest was higher on farms in the combined
Forested and Intermediate regions compared to those in the Lowland
region, although with substantial variation in the results (Fig. 1) (Fig. 4)
(Table S5).

The value of straw to individual farmers can, to some extent, indicate
their willingness to supply. This value encompasses both the potential
revenue from selling the straw and other benefits, such as soil fertility



K. Blennow et al.

Table 6

Results of a Bayesian permutation test comparing the scaled maximum land area
available for harvesting cereal and oilseed straw for each end use. The analysis
assumes that each respondent favourable to harvesting straw for a specific end
use would harvest straw on an area corresponding to their cultivated area of
cereals and oilseed in 2020. (Total sample size = 98). Note that respondents
could select multiple alternative end uses (Q.7 in Table 2).

95 % credible interval
(upper-lower) (kha)

Estimated scaled
maximum area
available (kha)

End use End use comparisons
(posterior

probability)*

High quality 120
energy

(90-151) 71.6 % (High quality
energy > New
products)
89.8 % (High quality
energy > Heating)
89.3 % (High quality
energy > Livestock
use)
78.0 % (New
products > Heating)
76.7 % (New
products > Livestock
use)
Heating 96 (66-126) -
Manure 130 (99-159) 65.8 % (Manure
back back > High quality
energy)
78.6 % (Manure
back > New
products)
90.7 % (Manure
back > Heating)
89.6 % (Manure
back > Livestock
use)
Livestock 95 (67-128) 50.6 % (Livestock
use use > Heating)

New 110
products

(80-141)

2 Posterior probabilities reflect the likelihood that the maximum available
land area for one end use exceeds that of another.

Table 7
Comparing the willingness to sell straw to at least one end use by the share of
total arable land area leased tested using Bayesian proportions tests (n = 122).

Willingness to sell Estimated relative 95 % credible Comparison

straw frequency among interval (%) (posterior
respondents leasing probability)”
>50 %

Yes, to at least one 0.90 (0.80-0.98) 98.3 % (More than

end use half leased > half
or less leased)
Yes, to new 0.72 (0.58-0.85) 99.8 % (More than

half leased > half
or less leased)

products, high
quality energy
and/or heating

# Posterior probability reflects the likelihood that willingness to sell straw
among respondents leasing >50 % of their land exceeds that of respondents
leasing <50 %.

advantages of leaving it in the field. However, the absence of an active
market means that non-harvesting, where straw is left in the field to
decompose, should not necessarily be interpreted as a refusal to sell. To
assess the potential supply of straw, we surveyed farmers about their
willingness to sell under various conditions, assuming buyers were
available, the straw could be sold at a profit and using the scaled land
area cultivated with cereals and oilseed in 2020 as the basis (Q.7 and Q.8
in Table 2). We found that a maximum of 57 % (95 % CI: 42-75) of the
area was available for energy purposes on the market (Table S6).
While the Bayesian robust correlation analysis revealed no signifi-
cant relationship between the hypothetical price and willingness to sell
straw, the Sankey diagram (Fig. 5) offers additional context by
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illustrating the distribution of respondents across price categories and
end-use preferences.

4. Discussion

This study highlights key factors influencing the availability of cereal
and oilseed straw for bioenergy and bioproducts in the county of Scania,
Sweden. These findings contribute to the growing body of research
highlighting the importance of farmer preferences, land tenure ar-
rangements, and market dynamics in determining the practical realis-
able potential biomass supply. Specifically, we tested three empirical
consequences of P.1/, which posits that the absence of data on farmers’
willingness to sell straw for energy purposes may lead to a misrepre-
sentation of the biomass supply from cereal and oilseed straw in biomass
potential assessments. Using these results, we assessed the availability of
land in Scania, for the supply of cereal and oilseed straw for energy and
material applications. This research provides insights into farmers’
decision-making regarding biomass markets and provides evidence to
inform the development of effective policies for the sustainable uti-
lisation of agricultural residues in energy production. The data was
collected in 2021, prior to the implementation of incentives aimed at
increasing the storage of carbon in soils and biomass to meet re-
quirements related to Land Use, Land Use Change, and Forestry
(LULUCEF) regulations (see European Union, 2023c), including carbon
credits etc., which may potentially affect the future conditions for straw
harvesting.

4.1. 1a) among respondents willing to sell straw, the fraction willing to
sell varies across different end uses of the delivered straw

Bioenergy and new material applications were supported by slightly
more than half of the farmers. Empirical consequence 1a), stating that
among respondents willing to sell straw, the fraction willing to sell
varies across different end uses of the delivered straw was corroborated
with a posterior probability of 98.5 %, suggesting very strong evidence
in favour of the relationship (Fig. 2) (Table 5). Farmers showed greater
willingness to supply straw for uses providing ancillary benefits,
particularly receiving manure in barter arrangements (Fig. 2). Strong
evidence for differences between other end uses also challenges funda-
mental assumptions about market functioning.

These findings suggest that even in a market setting without barter
arrangements, farmers’ motivations to sell may depend significantly on
the intended end use of the product. This observation aligns with pre-
vious studies indicating that producers’ decisions are influenced by
factors beyond immediate financial incentives (e.g. Blennow et al.,
2014; Anander et al., 2024) and underscore the complexity of supply
decisions in agricultural and forestry markets, where non-economic
factors can play a significant role in shaping market behaviour.

These results are exploratory and based on farmers stated willing-
ness, which may not fully correspond to actual straw supply under real
market conditions; therefore, estimates of land availability for energy
use should be interpreted as indicative rather than definitive.

4.2. 1b) It is more common for farmers leasing at least 50 % of the land
they cultivate to be willing to sell straw compared to those leasing less than
50 %

Empirical consequence 1b), stating that it is more common for
farmers leasing at least 50 % of the land they cultivate to be willing to
sell straw compared to those leasing less than 50 % was corroborated
with a posterior probability of 98.3 % suggesting very strong evidence in
favour of the association (Table 7).

This outcome may be explained by several interrelated factors (cf.
Lynes et al., 2016). One key consideration is the motivation behind land
management practices. Farmers leasing a substantial portion of their
land may not view long-term soil fertility as a priority, since their tenure
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Fig. 3. Relationship between the minimum acceptable hypothetical price per kg (Q.8 in Table 1) and the respondents’ willingness to sell straw (fraction of land area
cultivated with cereals and oilseed in 2020, Q.6 in Table 2). Posterior draws from the Bayesian robust model are represented as points, with 50% (dashed ellipse) and
95% (solid ellipse) credible regions, illustrating uncertainty in the relationship. Only respondents willing to sell straw for heating, high-quality energy carriers, or

new products are included in the analysis (n = 36). For details, see Table S2.

Table 8

Differences in minimum price across regions in Scania, Sweden, using the
Bayesian Estimation Supersedes the t-test (BEST) (n = 34) (Q.1 and Q.8 in
Table 2). The analysis accounted for the factors already harvested straw and
leased areas with straw harvest restrictions and excluded two respondents who
had not provided their geographical location.

Region Mean minimum 95 % Credible Comparison posterior
price (EUR interval probability”
cents) (lower—upper)
Forested region No data - -
(n=0) available
Intermediate 10 (8-13) 79.9 % (Intermediate
region (n = 9) region > Lowland
region)
Lowland region 9 (8-11) 20.1 % (Lowland

(n = 25) region > Intermediate

region)

@ Posterior probability indicates the likelihood that the minimum price in one
region exceeds that in the other.

is typically shorter than that of landowners. Consequently, they may be
more willing to sell straw, viewing it as an additional source of income.
In contrast, farmers owning most of the land they cultivate may feel
more responsible for the land’s long-term productivity and, as a result,
may choose to retain the straw for its agronomic benefits, such as
improving soil health and organic matter. This interpretation is sup-
ported by the results of Thomson Ek et al. (2024) who found negative
environmental consequences, such as soil depletion, to be a major factor
constraining the availability of straw in Sweden.

Further, this trend was consistent across different end-uses of straw,
such as for new products or high-quality energy carriers, with a posterior
probability of 99.8 % (Table 7). This suggests that farmers’ motivations

0.55

o
o
S

Harvest rate per farm
o
~
(6]

0.40

Lowland region Forested and intermediate region

Region

Fig. 4. Rate of farm-based cereal and oilseed straw harvest by region in 2020
estimated using a Bayesian zero-one inflated beta model. Estimates represent
posterior means, with 95% credible intervals (CIs) (Table S3). Due to the small
sample size in the Forested region (Table 3) and the lack of a significant dif-
ference between the Forested and the Intermediate regions, the two regions
were merged.

extend beyond immediate financial gain, potentially reflecting concerns
about how their agricultural practices may affect future soil
productivity.

Moreover, the study indicates that straw is not simply viewed as a
residue but rather as a valuable agronomic resource that is integral to
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Fig. 5. Sankey diagram illustrating the distribution of maximum areas for which respondents were willing to sell cereal and oilseed straw for energy-related end uses
("Heating" and/ or "High-quality energy") at various minimum prices in cents of EUR. Each respondent chose at least one energy-related end use, but they may have
also selected other uses such as "Livestock use — manure back" or "Livestock use." "Maximum" implies the highest area allocated for energy use, even if other uses were
chosen. The diagram also shows exclusive end uses other than energy ("Livestock use — manure back", "Livestock use", or "Never sell"; no respondent exclusively
selected "New products"). The plot highlights the classification of these respondents based on their stated choices, illustrating the average bootstrapped proportions
across the respective categories. The scaled land area cultivated with cereals and oilseed in 2020 (Q.7 and Q.8 in Table 2) is used as the basis for the analysis. For raw

data and uncertainty estimates, see Table S4.

farming practices. This highlights the importance of understanding the
broader, non-economic motivations that influence farmers’ decisions.
For example, farmers with manure applications as an integral part of
their agricultural practices or who hold long-term land tenure may be
less inclined to sell straw, as they prioritise maintaining soil health and
fertility.

4.3. 1c) the price of straw significantly correlates with respondents’
willingness to sell

Empirical consequence 1c), stating that the price of straw signifi-
cantly correlates with respondents’ willingness to sell was not corrob-
orated. The Bayesian robust correlation analysis revealed a weak and
statistically insignificant negative relationship (p = —0.03) between the
hypothetical minimum price farmers would accept for straw and their
willingness to supply straw, providing insufficient evidence to support
the expectation that price significantly influences supply decisions
(Fig. 3).

Economic theory suggests that higher prices should incentivise
farmers to sell more straw, with those less inclined to sell requiring
higher prices. However, our results suggest that price is not the primary
determinant in farmers’ willingness to sell. This finding contrasts
somewhat with the perspective of Thomson Ek et al. (2024), who
emphasised the importance of economic incentives, such as market
prices and subsidies, in stimulating market availability of plant residues.
Although economic incentives were considered important, our study
highlights that non-economic factors, such as agronomic concerns,
competing uses like animal bedding, and other farm-specific consider-
ations, play a larger role in farmers’ decisions than price alone.

In line with Gérard and Jayet (2023), while price increases may have
limited direct effects on straw supply, they could influence broader
factors such as land allocation and input use. This highlights the need for
carefully coordinated policies that consider both economic incentives
and the environmental consequences of bioenergy production.

These results align more closely with findings from Townsend et al.
(2018), who observed that even generous payments for straw did not
significantly increase supply, as a considerable portion of straw was still
retained for other uses, such as incorporation into the soil.

In our study, while price was not a significant motivator, regional
differences in price expectations highlighted variations in market con-
ditions. For instance, farmers in the Intermediate region (Fig. 1)
(Table 8), where animal husbandry is prevalent, demanded higher prices
likely due to competing uses for straw, such as bedding. These regional

disparities reinforce the need for regionally tailored policies that
consider local farming practices and priorities when designing biomass
supply strategies.

Giannocarro et al. (2017) observed similar pricing behaviour among
Italian farmers, who demanded straw prices exceeding local market
rates, reflecting price resistance in emerging bioenergy markets. Our
findings indicate a parallel trend in Sweden, where farmers often require
premium prices for straw. However, unlike the Italian context, Swedish
farmers appear more influenced by non-economic factors, such as the
perceived long-term soil fertility benefits of retaining straw. This is
consistent with our findings in Sections 4.1 and 4.2, where owners of
land were less inclined to sell straw than those leasing it (Table 7).

4.4. P.1/the absence of data on farmers’ willingness to sell straw for
energy purposes may lead to a misrepresentation of the biomass supply
from cereal and oilseed straw in biomass potential assessments

Our research addressed P.1/, stating that the absence of data on
farmers’ willingness to sell straw for energy purposes may lead to a
misrepresentation of the biomass supply from cereal and oilseed straw in
biomass potential assessments. Although this premise cannot be tested
directly, we examined three empirical consequences derived from it to
assess its plausibility. We also recognise that changes in the availability
of land can affect all potential estimates, regardless of assumptions
about soil carbon retention or biodiversity needs. The findings indicate
that farmers’ willingness to sell straw is influenced by the intended end
use, with preference given to uses offering additional benefits, such as
barter arrangements or agricultural contributions, rather than those
focused solely on bioenergy (Fig. 2). Land tenure plays a significant role,
with farmers leasing over 50 % of their arable land more likely to
participate in straw markets (Table 7). Contrary to expectations, straw
supply is not highly price-sensitive, as the rate of harvest for cereals and
oilseed did not correlate with the hypothetical price farmers would
accept for selling straw for energy purposes (Fig. 3). Competing uses,
such as animal bedding and straw’s role in soil fertility, are more critical
in shaping farmers’ choices.

Taken together, these results provide partial support for the premise
by illustrating that non-economic and structural factors, rather than
price alone, govern the actual availability of straw for energy use. While
the observed lack of price sensitivity does not directly confirm the
premise, it reinforces the broader argument that simplifying assump-
tions in biomass potential assessments risk misrepresenting the true
supply. These findings therefore highlight the need for regionally
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tailored assessments and policies that consider local farming practices,
land tenure structure, and farmers’ non-economic motivations.

4.5. Assessing land availability for straw-based energy and new material
applications

While cereals and oilseed was cultivated on a large proportion of the
arable land in 2020, straw was harvested (removed) from only 36 % (95
% CIL: 29 %-45 %) of this land for all end uses, indicating significant
potential for increased supply (Table S4). The harvest rate varied
considerably between farms (Fig. 3) and was, on average, higher in the
Forested and Intermediate regions, where animal husbandry is more
prevalent, compared to the Lowland region (Fig. 4).

As discussed in Sections 4.1-4.4, several factors influence the supply.
While the straw from 16 % (95 % CI: 11-21) of the land used for cereals
and oilseed would not be sold regardless of the intended end use, at least
20 % (95 % CI: 14-28) of the total cultivated land area would be
available only on the condition of receiving manure in return. However,
up to 57 % (95 % CI: 42-75) of the cultivated area could potentially be
made available for energy applications if prices were sufficiently high
(Fig. 5) (Table S6). These figures represent the maximum potential areas
available for energy use, assuming that hypothetical price incentives are
strong enough to overcome other constraints, such as competing uses for
straw and agronomic priorities. Given the small and potentially biased
sample, this extrapolation should be interpreted as exploratory and
indicative rather than a precise estimate of regional straw availability.

The relationship between price and willingness to supply straw is
weak and statistically insignificant (Fig. 3), suggesting that price alone is
not the primary factor in determining straw availability. Instead,
competing uses for straw, such as its role in animal husbandry and its
agronomic benefits, appear to be more influential in shaping farmers’
decisions. While higher prices could hypothetically incentivise addi-
tional supply, non-monetary motivations play a greater role in limiting
straw availability. In regions with higher rates of animal husbandry
(such as the Forested and Intermediate regions; see Fig. 1), farmers may
be less willing to divert straw for bioenergy uses due to these competing
demands.

Biomass potential studies often set a maximum removal rate of straw
at the field level to safeguard soil fertility and carbon storage. For
example, the recommendation by Imperial College (2021) assume that a
maximum of 40-50 % of field residues can be safely removed. However,
our findings demonstrate that biomass potential assessments must
consider not only field-level removal constraints but also farmers’
willingness to harvest and sell the removed straw. The availability of
land for straw harvest varies not only between farms (Fig. 3) but also
between regions (Fig. 4). While the willingness to sell straw was less
price sensitive than expected, it was influenced by the intended end use
(Fig. 2), competing uses (Fig. 2), and land tenure arrangements
(Table 7).

4.6. Policy implications

This study highlights the need to integrating farmer perspectives into
biomass potential assessments to develop effective policy strategies. The
problem-feeding framework (Persson et al., 2018) provides a nuanced
understanding of the decision-making behind straw supply. This
approach complements top-down biophysical assessments by addressing
factors influencing farmer behaviour, thereby reducing the risk of mis-
representing biomass availability.

4.6.1. Land tenure, end use, and market incentives

Land tenure significantly influences farmers’ willingness to sell
straw. Farmers leasing a large share of their land are more likely to sell.
However, willingness to sell also depends on the intended end use. Many
farmers are more inclined to sell straw for livestock bedding or local use
rather than for bioenergy, reflecting concerns about soil fertility and
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long-term sustainability. Policies should account for these differences by
offering tailored incentives, such as nutrient recycling schemes that
compensate for agronomic losses, particularly in regions where straw is
essential for animal bedding. Additionally, policies could explore con-
tracts that differentiate between bioenergy and agricultural uses,
ensuring that straw markets align with broader sustainability goals.

4.6.2. Beyond price-based policies

Contrary to expectations, straw supply is not highly price sensitive.
Instead, competing uses, barter arrangements, and agronomic concerns
shape farmers’ decisions. This suggests that price-based incentives alone
may be insufficient. As proposed by Giannocarro et al. (2017) for Italy,
policymakers could explore long-term contracts, sustainability certifi-
cations, and targeted subsidies that acknowledge both economic and
agronomic considerations.

4.6.3. Region-specific policy design

Straw supply constraints vary regionally due to differences in land
tenure, farming systems, and local markets. Policies must reflect these
variations, particularly in areas with high demand for straw in animal
husbandry. Supporting integrated agroecosystem planning, where straw
markets align with broader sustainability goals, can improve biomass
availability while safeguarding soil health.

4.7. Limitations and future research directions

This study has several limitations that should be acknowledged.
First, the relatively low survey response rate, while comparable to other
recent farmer studies, may lead to nonresponse bias if non-participating
farmers differ systematically from respondents. Second, the analysis is
based on stated attitude rather than observed behaviour; therefore,
actual market participation may deviate from the expressed willingness
to sell straw. Third, although Bayesian methods provide robust estimates
with small samples and explicitly quantify uncertainty, the credible in-
tervals for some parameters remain wide, reflecting data limitations.
Furthermore, the study focuses on a single region, which may limit
generalisability to other agricultural contexts with different structural or
policy conditions. Finally, the cross-sectional design precludes conclu-
sions about temporal dynamics in farmers’ decision-making.

Future research should address these limitations by combining sur-
vey data with behavioural or longitudinal observations, expanding
geographic coverage, and linking stated attitudes to revealed market
outcomes. Moreover, studies could explore how economic and non-
economic incentives, such as carbon credits, LULUCF regulations, and
nutrient return schemes, shape farmers’ decision-making and align local
practices with broader agricultural and bioenergy goals. Integrating
socio-economic, agronomic, and policy perspectives will be crucial for
developing more realistic estimates of sustainable straw supply.

5. Conclusion

By integrating farmers’ perspectives, we complement top-down
biophysical assessments, emphasising the importance of understanding
landowners’ motivations, constraints, and economic realities for effec-
tive biomass policy development. Three key findings emerge:

1. Influence of intended end use: Farmers’ willingness to sell straw is
strongly influenced by the intended end use of the straw. They are
more likely to participate in straw markets when the trade offers
additional benefits, such as receiving manure through barter ar-
rangements or using straw for agricultural purposes, rather than
selling it solely for bioenergy or material production alone. This
suggests straw should not be viewed merely as a residue but as a
valuable resource with competing uses, requiring careful consider-
ation in biomass assessments.
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2. Impact of land tenure: Land tenure significantly affects farmers’
decisions to sell straw, with those leasing over 50 % of their arable
land more likely to supply straw. Policies should therefore account
for land tenure, as motivations for straw supply vary by ownership
and management practices.

3. Price sensitivity (exploratory): Straw supply appeared less respon-
sive to price than expected. However, this conclusion is based on a
small subsample (n = 36) of farmers reporting minimum acceptable
prices and limited numbers within regional categories. Conse-
quently, that the estimates of price sensitivity should be considered
explorative and indicative, rather than robust evidence. Competing
uses and agronomic considerations are likely more influential, but
further research with larger samples is needed to confirm these
patterns. Some regional differences were observed, such as higher
price demands in areas with more animal husbandry, however, these
patterns are based on small subsamples and should be interpreted as
tentative insights rather than robust evidence.

Regarding land availability, up to 57 % (95 % CI: 42 %-75 %) of land
used for cereals and oilseed could theoretically be made available for
energy under high price incentives. This estimate should be interpreted
cautiously, as it relies on stated willingness rather than actual behaviour
and small, potentially biased subsamples, Non-economic factors, such as
competing straw uses and agronomic priorities, will likely constrain
actual supply. These results suggest that, while price incentives may play
a role, policies would likely benefit from considering local farming
conditions and other factors, recognising that regional patterns observed
here are indicative and based on a small subsample.

In conclusion, these findings suggest the need for policies that inte-
grate economic, agronomic, and personal factors, ensuring biomass
supply is both economically viable and environmentally sustainable.
Estimates of straw availability and price responsiveness are tentative
and should be interpreted as exploratory insights, supporting the
development of more nuanced and context-specific biomass
assessments.
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