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Abstract: The bioeconomy is the cornerstone of the EU’s policy for shifting economic and societal
trends towards circularity and low carbon arrangements. Europe has several crops that can be used
as raw materials for this purpose, however pressure on land which might displace other activities
and industrial competition for cost efficient raw materials remains a challenge. Hence, ensuring
good yielding capacity and examining the likelihood to produce more by exploiting low quality,
unused land can present significant opportunities to increase sustainable, locally sourced supply
and at the same time offer profitable solutions to both industry and the farmers. This paper estimates
the production costs of fourteen crops (oil, sugar, starch and lignocellulosic) and analyses how their
profitability can be influenced by yield increases and cultivation in low quality land. Results show
that there are profitable options for all crops under current market prices and land types except for
cases in countries where crop productivity is rather low to sustain farm incomes. The analysis
confirms that Europe has plenty crop options as raw materials for bioeconomy. Decision makers
however must ensure future research and policy support are oriented towards sustainable yield
increases and accelerate rehabilitation of land that is unused and of low quality.

Keywords: European crops; bioeconomy; profitability; yield increase; low quality land

1. Introduction

Europe has diverse domestic crop potential to supply the bio-based economy [1-4]. Current
options include oil, sugar, starch and lignocellulosic crops which form the supply base for food, feed
and non-food sectors [1]. Markets for the first two sectors are established and well developed while
the non-food sector is emerging rapidly and aims to decrease use of petrochemicals, mitigate climate
change, reduce import dependency and promote local economic development. Current economic and
societal trends for greater use of renewable raw materials, combined with industrial innovation, have
seen the demand for crop-based biomass increasing to include feedstocks suitable for bioenergy and
biobased materials [2,3]. The role of these crops is rather prominent today as key contributors to the
development of bioeconomy within the Common Agricultural Policy (CAP), [5]. Crop-based value
chains are considered a very important element within the post 2020 CAP-related bioeconomy with
the European Commission emphasising the need to link future national CAP Strategic plans [6] and
National Bioeconomy Strategies in order to contribute significantly apart from food security to
climate change, environmental protection and rural development.

The increased demand from the abovementioned policy context can present challenges by: (i)
adding pressure on land which might result to displacement of other activities [7,8] and (ii) increasing
competition among industries for cost efficient, sustainable raw material options [9,10]. Policy and
decision makers however acknowledge [11] there are significant opportunities to exploit all crop
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types cultivated so far in Europe and contribute to GHG savings and rural development from

sourcing local biomass. These can be achieved through sustainable agricultural practices that:

e Increase yields [10] with the use of varieties that are better adapted to local ecosystems, the
introduction of crop rotations, the use of cover crops to prevent soil erosion in sensitive areas and
at the same time increase crop production, etc.

e Enable the cultivation of crops in land that remains underutilised or unused because it is of low
quality

The term ‘low quality land used in this paper reflects the fact that despite its low quality the land
can still be cultivated with additional input of materials. The land costs and yields presented are
based on statistics and research data for low quality soil and crop systems. The authors acknowledge
that there are variable (and case specific) low quality land-crop combinations which cannot be
depicted by this work. The work in this paper presents estimations for national level conditions based
on the economic value of land and the yield performance of the crops.

Besides being environmentally sustainable the crops should also make economic sense and be
profitable options both for the farmer and the respective industries. Figures from literature suggest
that raw material cost can reach up to 45 % of the total bioenergy carrier or biobased material cost
[12,13]. Therefore it is important to understand which are the production costs of crops that are
currently cultivated in Europe, how these differ between average farming and low quality land, and
which are the breakeven values for crop yields and market prices to ensure their economic
competitiveness.

This paper evaluates the profitability of fourteen crops from the oil, sugar, starch and
lignocellulosic groups under current practices and further analyses how yield increases and
cultivation in low quality land could influence their economic performance. The crops are
representative of European conditions and can be used as raw materials for several bioeconomy
sectors. The work is structured in three sections. The first section describes the agronomic profiles
and quality attributes of the selected crops and details the cost methodology. The second section
presents the results for: (i) production costs at farm gate, disaggregated by Member State in EU, for
two land types: average farming and low quality; (ii) profitability in these land types at current yields
and market prices (using CAPRI model as baseline), [1,2] and (iii) possibilities for future
improvements by either increasing crop yields or producing more feedstock in unused, low-quality
land, using sustainable practices (as described in the Commission Delegated Regulation (EU)
2019/807 of 13 March 2019 [11] supplementing Directive (EU) 2018/2001). Finally, the third section
discusses concluding remarks.

The work can provide quantified evidence on the production costs and opportunities to improve
profitability performance of European crops as raw materials for the biobased economy. Such
information can be used by research, industry and policy makers to inform decisions for the national
Strategic Plans in the Common Agricultural Policy [5] and the National Bioeconomy Strategies.

Among the studied crops, cereals and oilseeds are profitable options under current market
prices across EU and land types except for countries with dry arid conditions in southern Europe
where yields are rather low. Sugarbeet and maize are also profitable across all the study countries
and land types since their high yielding potential counterbalances their high production costs.
Lignocellulosic crops present low to average profitability in all cases mostly due to low market prices.
The cultivation of crops in low quality land remains case specific and requires detailed analysis since
there are variations in the types and conditions which affect land marginality [12].

2. Materials and Methods

2.1. Crop Characteristics

The selected crops include annual and perennial species and are: (i) oil crops: sunflower,
rapeseed and soy; (ii) sugar and starch crops: sugarbeet, wheat, barley and maize; and (iii)
lignocellulosic crops: fiber sorghum, kenaf, cardoon, miscanthus, switchgrass, poplar and willow.
They form a representative mix in terms of agronomic and climate suitability, regional distribution



Energies 2020, 13, 1222 3 of 33

and quality traits for bioenergy and biobased markets. The crops’ agronomic characteristics are
presented in Table 1, grouped in two categories. The first includes characteristics relevant for the
structure of the crop supply value chain, such as growth type, timing for establishment and harvest
and yields:

e Growth type: annual crops complete their life cycle - from germination to seed production of-
within one year. Summer annuals germinate during spring or early summer and mature by
autumn of the same year. Winter annuals germinate during the autumn and mature during the
spring or summer of the following year. Perennial crops grow for several years following
establishment (up to 20 years for lignocellulosic grasses). They often exhibit higher productivity
than annual ones and interfere less with food security since they can, to some degree, also be
grown on low quality land [13-15]. The selection of annual or perennial crops in a region, or
their combination, will set the framework conditions for transport, storage and delivery of raw
materials to pre-processing and conversion plants. It will also determine the ways in which raw
material supply can be achieved to allow year-round uninterrupted operation of plant.

e Establishment and harvest times are linked with the crop growth types and dictate the timing of
supply operations.

e Crop yields prescribe the size of operations within the supply chain and determine the amount
of land required. Yields are also a critical factor for the overall value chain economics and the
choice of crops. However, their future increase should always consider sustainable practices.
Member States towards the eastern part of Europe exhibit significantly lower yields than those
of Member States with similar climate and ecology in central and western regions. Oilseed yields
in Bulgaria, Hungary and Romania do not exceed 2.5 dry tonnes/ ha/year while corresponding
yields in France and Germany can reach more than 4 dry tonnes/ha/year. Similarly, wheat and
barley do not exceed 4.5 dry tonnes/ha/year in the same countries while yields in France and
Germany can reach more than 7 dry tonnes/ha/year. Comparable patterns are observed in most
crops, with yields being, on average, at least 25% lower in east that in central west Europe. Hence,
there are good opportunities for some European regions to deliver additional feedstock and
provide additional farm income by introducing higher yielding crop varieties and improving
sustainable agricultural practices.

e  Within oilseed crops, rapeseed is widespread across EU Member States, while sunflower and soy
have smaller geographic coverage mainly due to lower cold and frost tolerance. In the starch and
sugar crops category, wheat and barley are widespread across EU Member States. Maize and
sugarbeet occur also in most Member States. Lignocellulosic crops have so far been cultivated
only in selected countries through research and demonstration trials with limited commercial
production.

The second category of information presented in Table 1 includes the characteristics that define
crop selection in a region, i.e., soil type, frost free days, salt tolerance and material input requirements.
All these are crop characteristics that link to crop adaptability in certain ecosystems and ability to
produce under low quality conditions. In general, perennial lignocellulosic grasses (e.g., miscanthus,
switchgrass), willow and cardoon have been reported as good candidates for low quality land. Their
perennial cropping patterns allow farmers to plan carefully and adjust their management techniques
in such a way that nutrients can be maintained in the soils and their rooting systems can prevent
topsoil erosion effects.

Table 2 describes the quality attributes, biobased products and markets of the selected crops. A
mix of crops has been included in this paper to illustrate various options for cropped biomass that
can be used as raw material for bioenergy, biofuels and biobased products in Europe.
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Table 1. Crop agronomic characteristics [16-30].
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Crop

Oil crops

Rapeseed [21,22]

Sunflower [22]

Soya [22]

Sugar and starch crops

Sugarbeet [16,23]
Wheat [16,23]
Barley [16,23]

Maize [16,23]

Lignocellulosic crops
Fiber sorghum [22]

Kenaf [16-18,20,22]

Miscanthus
[19,24,29,30]
Switchgrass [19]

Cardoon [26]

Poplar [27]

Willow [27]

Structure of the crop supply value chain

Climatic and ecological profile

Growth type

Annual (spring), biennial (winter-sown)

Annual/ rotation crop

Annual

Annual/ rotation crop

Annual/ rotation crop

Annual

Annual

Annual

Perennial

Perennial

Perennial

Perennial; Harvested on 6-15 years/(in very
short rotations every 2-3 years) (winter)
Perennial; Harvested on 3-4 years rotation

(winter)

Establishment

Winter crops from late July,

spring September;

March/ April

March/ April

Feb/ March

Oct/ Nov

April/ May
May

Nov/Jan

May

Oct or Feb/ Mar

April

April

Harvest

June

Sept

Sept

Sept/Nov

June

Sept/ Oct

Sept/ Oct

Sept/ Oct

Nov/ Feb

Nov/Jan

Jun/July

Nov/ Dec

Nov/ Dec

Yield (t/ha)

1543

1-3.2

1.40-3.40

1520

10-15

10

10-30

Soil type/

pH (min- max)

variety of soils- well drained (6.0-7.2)

variety of soils- well drained (5.5-7.8)

variety of soils- well drained (5.5-7.8)

Rich- well drained soils (6.5-7.0)

variety of soils, deep, well drained (5.5-8.0)

variety of soils- well drained (5.5-7.5)

well drained (5.5-7.5)

well drained (4.6-7.5)

variety of soils- well drained (4.5-8.0)

variety- well drained

Low fertility

Low fertility

variety of soils

Input

High

Average

Average

High

Average

High

Average

Average

Average

Low

Low

Average

Average

Frost

free days

130
80

140

90
100
90
90

90

120

120

Salt

tolerance

none

medium

medium

high
medium
high

low

medium

medium

high
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Table 2. Quality attributes, biobased products and markets; adapted from [31,32].
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Protein Crude
il fi E LH
Oi content ibre Carbohydrates r'lergy (LHY . Bioenergy and biobased
Crop content content in GJ/ dry Commodity/ Product
(% dry (%) markets
(%) (% dry tonne)
matter)
matter)
R X . Fine chemicals, food, biofuels,
Rapeseed 41 25 25 Ol :24 Seed: Valued mainly for oil. chemical additives
Straw: 15 Straw animal feed
Seed: Valued mainly for oil. Minor uses include as Fine chemicals, food, biofuels,
Sunflower 42 23 30 a human food and as feed for birds. chemical additives
oil Straw: 15 Straw Food, animal feed
' Oil 24 Seed: Oil
Soy sauce/ paste: A fermented soy product from
Soy a1 40 25 soybeans, filtered and pasteurized. Fine chemicals, food, biofuels,
Soy curd: Obtained by precipitating proteins from chemical additives, glue
soy milk.
Straw: 15 Straw
Wheat 2,5 11—15 20-25 60
Barl 25 60 Grain: 16 Food, Plasti bber, biofuel
Starch and sugar ariey 12-15 Straw: 15 Starch, gluten, Packaging, foam 00¢, a.StICS’ ru' . el DIOMES,
Maize 5 15 5 75 chemical additives, glue
Sugarbeet 5—7 5-7 65 to 70 Sugar: 17.5
Fiber - - 60 40 17
sorghum
Kenaf 20 - 40 17
. . Miscanthus - 40 60 17 Fiber, composite, packaging Paper, textile, building material,
L 11lul
tgnocetriosic Switchgrass - 60 40 17 Oil (cardoon) insulation, motorcars
Cardoon 20-25 - 40 60 17
Poplar - - 18
Willow - - 18
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2.1. Model Description

A bottom-up quantitative economic model following the principles of activity-based costing has
been used (Figure 1). The model is applicable at implementation level and has well- defined system
boundaries in terms of geographic scope, crop type and conversion multipliers. It can evaluate each
step of the crop production chain separately, account for specificities of different regions and crops
(e.g., cultivation practices, land rent, labour, etc.) and integrate both local values and statistics.

Average farming

Land Mmarginal
Low input
Skilled
Labour Unskilled

Seeds, fertilizers,
pesticides, etc.

Material inputs

Cultivation practices
(type & man hours)
Total Production Costs
Net Farm Income
Crop profitability

Rental values
Purchase price

Figure 1. Cost model layout.

Machinery

2.2. Crop Selection and Data

The selection of crops was based on a multi-criteria analysis (including their presence in
European agriculture, knowledge for their cultivation in low quality land/ low input systems, data
availability for their yielding capacities in the countries they are cultivated and suitability as raw
materials for bioenergy, biofuels and biobased materials).

Data were sourced from literature and through consultation with experts, within the framework
of the four European research projects during the period 20092017 (Crops2Industry, Biomass
Futures, Biomass Policies and S2Biom). The data are disaggregated at country level for the European
Union. Values have also been cross checked with current statistics to preserve the validity of the
estimated outputs.

2.3. Cost Analyses

This section provides the methodology for the assessment of Total Production Costs (TPC), Net
Farm Profit (NFP) and crop profitability. It is important to note that all values are calculated without
subsidies to avoid including market distortion created by policy interventions.

For the analyses presented in this paper, costing was based on time effort (man hours per
hectare) required for each step of the production chain (Table 3).

Time required has then been costed using labour values from national and European statistics
(http://www .agri-info.eu/english/t_wages.php, Farm Accountancy Data Network), assuming 70%
unskilled and 30% skilled labour. Reference year for labour statistics was 2017. The values are in
Table A2 in the appendix.



Energies 2020, 13, 1222 7 of 33

Table 3. Average time (in man hours/ ha) required to perform the operations for the cultivation
practices involved in the production of each crop.

Plough Harrow Herbicide Initial Sowing/ Irrigat Fertilis Harvest Hours
ing ing application fertilising Planting ion ing ing /ha

gapesee 15 0.7 05 05 1 0 05 15 6.2
Sunflo 15 0.5 1 07 1 0 1 15 7.2
wer
Soy 15 0.7 05 05 1 0 05 15 6.2
Sugarbe 2 05 1 1 2 2 1 3 125
et
Wheat 15 0.7 05 05 1 0 05 15 6.2
Barley 15 0.7 05 05 1 0 05 15 6.2
Maize 15 0.5 1 15 1 35 1 2 12
Fiber
sorghu 15 05 1 15 1 35 1 3 13
m
Kenaf 15 0.5 1 1 1 2 1 2 10
Miscant 2 1 1 1 2 2 1 3 13
hus
Switchg 15 1 1 1 1 2 1 3 115
rass
Eard” 15 1 1 1 1 2 1 3 115
Poplar 15 1 1 1 2 2 1 45 14
Willow 15 1 1 1 2 2 1 45 14

Following, the cost layout used the Discounted Cash Flow approach, by breaking total cost by
production factor. The following factors have been analysed:

Labour (skilled and unskilled): Labour required for each crop production stage (establishment,
annual management, etc.) and cultivation practice has been calculated. For each country average
wage values in the agricultural sector were used.

Land: it has been estimated as the opportunity cost of land based on current activity (fallow land,
cereals cultivation, unused, etc.). This cost is usually determined by soil productivity combined with
economic forces that affect demand for land resources in the region. In this paper analyses have been
performed for three land types: i) high productivity, ii) average farming and iii) low quality.

Machinery: rent of tractor, harvester and travelling gun has been added to the cost analyses.

Material Inputs: seeds, fertilizers, pesticides, etc., which are usually expenses paid by the farmer
to the local market. Therefore, these cost items enter the calculations at average country market prices.
Energy in the form of fuel, electricity, etc., has also been included.

Total production costs (TPCs) have been estimated by summing the expenses listed above and
an allowance for depreciation of fixed assets including buildings and equipment. For perennials, all
expenses involved in these cost production factors are transformed into annual equivalent values at
an appropriate interest rate, as follows:

e=ci/[1-(1+1)], 1)

where e = annual equivalent cost, c = purchase cost, i = interest rate, and n = lifespan. This value is
equivalent to depreciation plus interest on capital employed. Following, the annual equivalent is
added to the recurring costs to estimate the total annual equivalent cost.

All the costs used are market prices excluding subsidies and taxes. Current prices are used, and
a depreciation allowance is included to account for the portion of long-term capital investment used
in the year being considered [35,36]. The scenarios outlined in Table 3 have been analysed for each
crop and country.
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Table 4. Assumptions for the study scenarios.

Land Labour Displaced
(Table .Al in Yield (Table.AZ in Material inputs cropping ac’f1v1ty
Appendices per Appendices per (for comparisons
country) country) in this paper)

Average yields Estimated costs for
. reported by statistics 70% skilled material mputs. per
Average farming  or research (see table 30% unskilled crop are provided Cereals
A3 with country ? in Tables A4 and A6
values in Appendices) in the Appendices
% reduction i 70% skilled
Low quality 30% reductionin - 70% skille 20% higher than the No activity

the average yields 30% unskilled .
average scenario

2.4. Net Farm Profit and Crop Profitability
The calculation of net farm profit (NFP) is based on the following equation:
NFP=GI-TPC )

where: NFP: net farm profit, GI: Gross income is estimated as the revenue resulting from multiplying
the produced quantity by current market prices (see Table A5 in Appendices per country). In this paper,
average crop yields and market selling prices per EU Member State have been collected from
EUROSTAT, cross checked with national statistics and validated by stakeholders and TPC: Total
Production Costs

The analysis provides an estimate of the return to capital invested and to the farmer’s labour,
and this may then be compared with the return to alternative cropping patterns or to off-farm
opportunities [37].

The profitability of the crops has also been estimated by using a profitability index:

PI = Gross sales income /Total Production Costs. 3)

The crop is considered a profitable option when PI> 1. Net farm profit and crop profitability are
not the same. When analysing farm profitability, you consider the relationship of net farm profit to
the land, labour and material input invested to produce a specific crop. With crop profitability, it is
easier to compare various crop options for a given farm and analyse how they perform under various
market prices.

3. Results

3.1. Total Production Costs

This section presents total crop production costs (TPC) at farm gate and discusses variations
between crops and countries.

Values for oil crops (rapeseed, sunflower, soy) and cereals (wheat, barley) are within similar
ranges within a given country, since the crops are annual species with comparable cultivation
practices. Observed variations among the countries can be attributed to land rent values, cost of seeds
and other material inputs (like pesticides, etc.) which are required throughout the cultivation and
correspond to the crops’ biophysical tolerance to diseases, insects and adaptation to prevailing
climate. Among oilseeds sunflower and soybeans require less intensive crop management than
rapeseed and their respective costs are slighltly lower in most countries
(http://www.agribenchmark.org/agri-benchmark/news-and-results/einzelansicht/artikel//rapeseed-
su.html). All data are provided in Tables A7 & A8 in the Appendices.
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e ynused marginal e gaverage farming

Rapeseed

900

Poplar Sunflower
800
700
Willow 600 Soybeans

QL

400

300

Cardoon 200 . Sugarbeet

100

0
Switchgrass Wheat
Miscanthus Barley

Kenaf Maize

Fiber sorghum

Figure 1. Total crop production costs (TPC) (€/ha/year) averaged over the countries under study in
average farming and low quality land types.

Total production costs (TPC) for the oilseeds and cereals under study vary from 250 to 1290
€/ha/year across EU countries, depending on the land type. Countries with low values (250-500
€/ha/year) across the two land types are Bulgaria, Czech Republic, Estonia, Finland, Croatia,
Hungary, Latvia, Lithuania, Luxemburg, Romania, Slovakia and Slovenia. Austria, France, Germany,
Greece, Ireland, Poland and United Kingdom are countries with average values (500-750 €/ha/year).
Countries with high values (750-1000 €/ha/year) are Belgium, Denmark, Spain, Italy and Sweden
while the Netherlands exhibit values higher than 1000 €/ha/year when the crop is cultivated in
average farming land. This is attributed to high land rent costs. These values are in line with literature
[38,39].

Sugar beet and maize exhibit higher TPC, ranging from 450 to 1200 €/ha/year. Countries with
values from 450-750 €/ha/year, across the two land types, are Bulgaria, Croatia, Hungary, Latvia,
Luxemburg, Romania and Slovakia. Austria, Finland, Greece, Poland, Portugal, Spain and United
Kingdom have values ranging from 750 to 1000 €/ha/year. Countries with values above 1000
€/ha/year are Denmark, France, Germany, Italy, Netherlands and Sweden. The high costs are also
attributed to high land rental values.

Within lignocellulosic crops, the annual species of kenaf and fiber sorghum have TPC ranging
from 280 to 700 €/ha/year. These two crops are cultivated with seeds and are resistant to diseases and
insects thus require low materials input. Annualised costs for the other five perennial lignocellulosic
crops, i.e., cardoon, switchgrass, miscanthus, willow and poplar have cost values ranging from 130
to 1100 €/ha/year approximately. The low ranges of costs refer to cardoon [40] and switchgrass which
are cultivated with seeds thus their establishment is of low cost. Miscanthus, willow and poplar
exhibit higher establishment costs due to purchasing and planting rhizomes and plantings as well as
harvesting. Similar results can be found in the literature [41-43].
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Table 4. Crop total production costs in €/ha and €/t, averaged over countries (in bold, grey highlight
those costs that are above current market prices).

Total production costs (average over countries) per ha and per tonne

Crop Low quality land Average farming land
TPC Land cost TPC TPC Land cost share
€na  TCY Gareew  @ha) @ (%)
Rapeseed 430 287 45 482 161 37
Sunflower 376 376 51 455 228 39
Soya 391 261 49 467 187 38
Sugar beet 814 23 24 845 17 21
Wheat 442 147 44 486 97 37
Barley 442 147 44 486 97 37
Maize 658 132 29 690 99 26
Fiber sorghum 400 50 49 482 32 37
Kenaf 417 52 46 499 35 36
Miscanthus 531 48 50 392 39 46
Switchgrass 511 33 84 332 37 54
Cardoon 483 63 31 650 54 28
Poplar 636 106 30 682 85 26
Willow 636 106 30 682 85 26

For kenaf and fiber sorghum countries with values from 280 to 500 €/ha/year are Austria,
Bulgaria, Croatia, Czech Republic, Greece, Hungary, Ireland, Latvia, Poland, Portugal, Slovakia,
Slovenia, Romania and UK. For switchgrass countries with values from 130 to 250 €/ha/year are
Austria, Bulgaria, Croatia, Czech Republic, Estonia, Greece, Hungary, Ireland, Latvia, Lithuania,
Poland, Portugal, Slovakia, Slovenia, Romania and UK. For miscanthus countries with values 145-
250 €/ha/year are Bulgaria, Croatia, Czech Republic, Estonia, Greece, Hungary, Ireland, Latvia,
Lithuania, Slovakia, Slovenia, Romania and UK. Similar values have been estimated by other
researchers as well [44]. Finally countries with values below 500 €/ha/year for willow and poplar are
Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Slovakia, Slovenia and
Romania. The variations observed are confirmed by literature [45,46] and are due to land and labour
costs as well as differences in propagation and harvest costs [47]. Detailed data for the Total
Production Costs per crop, country and land type can be found in Appendix L.

Table 5 complements Figure 2. It provides crop costs per land unit and per tonne and indicates
the share of land rent to the Total Production Costs. Figure 3 expresses the costs presented in Table 5
and Figure 2 as total crop production costs in €/tonne in order to illustrate the effect of crop yields.
Median yield values are used for each crop.

Although sugarbeet is an input- intensive crop with high production costs per land unit, these
are offset by its high yields. The crop’s cost per tonne is considerably smaller (10-23 €/tonne) than
cereals (62-147 €/tonne) and oil crops (112-376 €/tonne). Respective values for maize range from 71
to 132 €/tonne.

It is notable that market selling prices for oilseeds in EU are at their highest levels, at the time of
writing this paper. During the last decade, they have ranged from 250 to 350 €/tonne. If the selling
price drops to its ten-year low then the production of rapeseed, sunflower and soybeans in low
quality land would become uneconomic.

The situation is similar for cereals where prices ranged from 120 to 150 €/tonne. If selling prices
drop to the lower levels in the last ten years, the cultivation of these crops in low quality land would
also become uneconomic.

Among lignocellulosic crops, cost values for fiber sorghum, kenaf and cardoon range from 38 to
63 €/tonne while for the rest of the crops they range from 39 to 106 €/tonne. This differentiation reflects
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mainly the higher establishment costs for the second group [48,49], both in terms of purchase of
propagation material (rthizomes, cuttings, etc.) [50,51] and in labour requirements. The market for
lignocellulosic crops is in its infancy so it is difficult to predict selling prices [52]. In the paper values
from 65 to 90 €/tonne are considered [53,54]. They correspond to 4-5.5 €/GJ and has been reported in
previous research as acceptable by the industry [55].

= unused marginal average farming
Rapeseed

400
Poplar Sunflower

356 € / tonne

Willow
250 € / tonne

Oilseeds
Soybeans
145 € / tonne

120€/ tonne
Sugarbeet 100€ / tonne

65 € / tonne

Cardoon

Switchgrass Wheat

Miscanthus Barley

Kenaf Maize

Fiber sorghum

Figure 2. Total crop production costs (TPC) (€/tonne) averaged over EU Member States in average
farming and low quality land types. Ranges for market selling prices during the last decade are
displayed on the right part of the graph.

Overall, results presented in Table 5 indicate that although crop Total Production Costs for low
quality land are lower than those of average farming land, the respective yields are also much lower
so crop production costs per tonne are higher. This is prominent in the case of o0il crops and cereals
where the Total Production Costs per land unit in low quality land are slightly lower (approximately
50 €/ha) than in average farming but the crop cost per tonne is significantly higher ranging from 287
(low quality) to 161€/tonne (average farming) for rapeseed, from 376 to 228€/tonne for sunflower,
from 261 to 187€/tonne for soy, from 147 to 97€/tonne for wheat and barley.

Sugarbeet also exhibits a small difference in the Total Production Costs for the two land types
while the cost per tonne is reduced in the average farming land (17 €/tonne) when compared to low
quality (23 €/tonne).

In the lignocellulosic crops, differences in Total Production Costs per land unit are mostly
proportionate to the ones per tonne of produced biomass in all the crops under study except willow
and poplar which display significant reduction of production costs per tonne in the average farming
land [56,57] (from 106 to 85€/tonne).

3.2. Net Farm Profit and Crop Profitability

This section analyses net farm profit and crop profitability for the selected crops.

3.2.1. Net Farm Profit (NFP)

Net farm profit represents the annual profit a farmer can make from selling his/her crop after
total production costs are deducted. It is related to both yields and market selling prices. Figure 4
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below presents the average net farm profits for the two land types. Table 6 also presents the crop
profitability performance per country and clusters them in three groups, i.e., (i) countries with PI<1,
(ii) with PI from 1 to 2 and (iii) with PT > 2.
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Figure 3. Net farm profit (€/ ha/year) per crop averaged over all countries and with median market
prices (2018) per crop.

The values reflect the net farm profit for each crop and land type and are calculated without
subsidies to avoid including market distortion caused by policy interventions. All values are
presented in Tables A9 and A10 in Appendices per country.

Table 6 below provides detailed values for the net farm profit (NFP) and profitability index (PI)
for low quality and average farming land for all crops averaged for the European countries.

For average farming land, all crops except willow and poplar have net margins that are higher
than cereals in the same region [58]. The situation is quite different for low quality land. Sunflower,
wheat, barley, miscanthus, willow and poplar are uneconomic while the rest exhibit low margins.
The only exceptions, under current market selling prices, are maize, fiber sorghum, kenaf and
sugarbeet.

Based on the analysis in this paper, sunflower needs a 7% yield increase to become profitable in
low quality land. The respective values for wheat, barley are 2% and 4%. Miscanthus would require
a 20% yield increase while willow and poplar would require 30% yield increase. Yields for each crop
and country are presented in Table A3 in the appendices. All crops present profits in average farming
land. These figures are of course highly dependent on yields and land costs in individual cases.
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Table S. Net Farm Profit (NFP) and profitability index (PI) for low quality and average farming land (in bold those with negative margins and profitability). Costs in the last three

columns column have been estimated using country market prices and crop yields.

Average

Countries

Net Farm Profit (NFP) and profitability index (PI) (median . . . Countries Countries
. market selling withPI<1in . . . .
average over countries) . . with PI: 1-2 in average with PI>2in average
prices average farming . .
per hectare and per tonne 1 farming land farming land
Crop (€/t) land
Low quality land Average farming land
NFP NFP PI NFP NFP PI
(€/ha) (€/t) (€/ha) €/t
AU, BE, BG, CZ, EST,
Rapeseed 99 66 1.23 577 192 2.20 353 I, GR, NL DK, FIN, FR, ES, PL, RO, ,S, DE, HR, HUN, IRL, LV,
LT, LUX, SK, SI, UK
Sunflower -24 -24 0.94 261 131 1.59 352 I ES, PT FR, DE, GR, PL AU, CZ HR, HUI\;’KR (gi
Soya 115 77 1.29 393 157 1.87 337 GR, PL BG, FR, DE, I, SK AU, ES, HR, HUN, RO
AU, BE, CZ, ES, FR, GR,
Sugarbeet 446 13 1.55 999 20 225 36 - DK, HUN, PT HR, I, LT, NL, PL, RO,
SK, UK
BE, BG, CZ, ES, EST, FIN,
Wheat -7 -2 0.98 239 48 1.49 145 CY, PT HUN, FR, GR, [, LV, LT, NL, AU, ]IDJ%;—I I;/'[S,U?I& Hélfé
PL,RO, RS, S g T
BE, BG, CZ, ES, EST, FIN,
Barley -16 -5 0.96 224 45 1.46 142 CY, ES, GR, Il;,}? LS’ HUN, FR, DE, HR, IRL, LT, AU, HUN, UK
! LUX, MLT, NL, RO, SK, SI
. AU, BE, BG, CZ, DE, FR, HR,
Maize 152 30 1.23 452 65 1.66 162 - HUN, I, NL, PL, PT, SK, SI ES, GR, LT, LUX, RO
. BG, CY, HR, HUN, PL,
Fiber sorghum 244 30 1.62 718 48 2.49 80 . ES, FR, DE, GR, HR, HUN, I PT, RO
Kenaf 223 28 1.54 701 47 240 80
. BG, CY, CZ, GR, HR,
Miscanthus -63 -16 0.84 248 31 1.63 80 ) DK, FR, DE, I NL, S HUN, PL, PT, RO
Switchgrass 89 22 1.39 308 38 1.92 80
Cardoon 9 1 1.01 228 19 1.31 80 CY,ES, FR,GR, L, PT  BG, HR, HUN, RO, UA
BG, CY, HR, HUN, PL,
Poplar -156 -26 0.75 -42 -5 0.94 80 ES, FR, DE, GR, HR, HUN, I PT, RO
Willow -156 -26 0.75 -42 -5 0.94 80
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3.2.2. Crop profitability

Crop profitability allows farmers to compare several crop options for a given farm and analyse
how they perform under prevailing market prices. The sections below examine the effect of current
yields and market prices on the crops under study and discusses what improvements are required to
make them profitable options for farmers. All values are presented in Tables All and A12 in
Appendices per country.

Yields: This section estimates baseline yields required for each crop to be profitable and
discusses how these relate to the crops and countries. The analysis considers as breakeven point for
a crop to become profitable all values above one - where Gross Sales Income becomes equal to Total
Production Costs (or Profitability Index = 1).

Profitable in all EU Profitable in all EU Not profitable under Profitable in all EU
Member States Member States profit Member States
current yields in low

quality land in CY, ES,
GR, PT

Willow & poplar are
not profitable under
current yields in low
quality land BE CY
DK EST FI FRHR HU
LV LT NLPT SK SIS

7.00

6.00

5.00

t/ha/year

4,
3,

.00
'0 I I
0.00 . l I I

o

=}
S

2
1

=3
S

Oilseeds Sugarbeet Small grain cereals Maize Lignocellulosic crops

Figure 4. Crop yields (t/ha/year) required to breakeven Total Production Costs (TPC) and Gross Sales
Income (GSI), meaning PI = 1. In blue the values for low quality land and in red the ones for average
farming land.

Average yields for cereals in EU range from 2.5 to 8.0 t/ha/ year. Yield levels, above which the
crops are profitable under current market selling prices are estimated at 3-3.5 t/ha/year depending
on the land type. This suggests these crops are currently profitable in all countries except Cyprus,
Spain, Greece and Portugal in low quality land types.

Average yields for oilseeds in EU range from 1.5 t/ha/ year (soy, sunflower) to 8 t/ha/year
(rapeseed). Yield levels, above which the crops are profitable under current market selling prices are
estimated at 1-1.4 t/ha/year depending on the land type. Hence, oilseeds are currently profitable
crops for all EU countries. Sugarbeet is profitable throughout EU under current prices; the required
baseline is 2.6-2.8 t/ha/year while average yield in all countries is significantly higher, ranging from
25-80 t/ha/year. The situation is similar for maize which requires baseline yields of 4-4.4 t/ha/year,
while the average yield range is 5- 12 t/ha/year. Finally, baseline yields for lignocellulosic crops range
from 5.5 to 6.3 t/ha/year. These are profitable in all countries except for willow and poplar which are
not profitable on low quality land in several countries (Figure 5).

3.2.3. Market selling prices
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This section estimates market selling prices for which the crops can be profitable for farmers.
These values can be considered as ‘farm gate’ base prices for the industries interested in the crops as
feedstocks to their processes.
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Figure 5. Market selling prices (€/ tonne) required to breakeven Total Production Costs (TPC) and
Gross Sales Income (GSI), meaning PI =1 (in bold current market selling prices).

Breakeven market selling prices for rapeseed and soy cultivation in low quality land in EU
should be at least 287 and 260 €/ tonne respectively, while for sunflower the base price is 377 €/ tonne
so that the crops are economic options for farmers. The large difference observed for sunflower is due
to its lower yields. Rapeseed is not profitable in low quality land in Italy, Greece and Netherlands as
selling prices are lower than production costs due to low yields. The situation is similar for sunflower
on low quality land in Italy, Spain and Portugal while soy is unprofitable only in Greece and Poland.
The respective selling price for the average farming land type is estimated at 222 €/ tonne.

Breakeven market selling prices for cultivating cereals in low quality land should be above 148
€/ tonne. Still, wheat is not profitable on low quality land in Cyprus and Portugal. The situation is
similar for barley on low quality land in Cyprus, Spain, Greece, Italy, Poland, Portugal and Romania.
The respective selling price for average farming land is estimated at 98 €/ tonne.

Sugar beet and maize are profitable crops for all EU countries. The respective breakeven market
selling prices for low quality and average farming land types are estimated for the first at 24 €/ tonne
and 16 €/ tonne and for the second at 132 €/ tonne and 98 €/ tonne.

Breakeven market selling prices for fiber sorghum and kenaf in low quality and average farming
land are estimated at 52 €/ tonne and 39 €/ tonne. Values for switchgrass are similar.

The respective market selling prices for the other lignocellulosic crops are estimated at 79 €/
tonne (low quality) and 61 €/ tonne (average) for cardoon, at 96 €/ tonne (low quality) and 49 €/ tonne
(average) for miscanthus and at 106 €/ tonne (low quality) and 85 €/ tonne (average) for poplar and
willow.

3.3. Future Improvements

This section builds on the estimated values presented above and analyses how future
improvements in crop yield increases or crop cultivation in low quality land; could improve
profitability.
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3.3.1. Impact of increasing crop yields in net farm profits

The estimated figures in Figure 7 match the ones from Figure 4 and are averaged over all
countries and with median market prices (2018) per crop and Member State. The additional net farm
profit illustrated after each section in full colour results from a 10% increase in the yielding capacity
of the crops. This yield improvement represents an annual yield increase of 0.7% and is easily
attainable by 2030 $16] through use of better varieties and improved crop management practices.

2,000
1,500 .
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Figure 6. Cumulative net farm profit (€/ ha/year) improvements from a yield increase of 10% till 2030
(in fade colours the baseline and in full colour the respective increase in profit by the higher yields for
each land type). Median market prices have been used as reference values in the analysis, see Table 6.

As expected, all crops exhibit increases to their net farm profit when yields increase. The most
interesting case is that of willow and poplar when cultivated on both average farming and low quality
land. Both crops present positive values for net farm profit when their yields increase by 10%. That
observation is also made for sunflower and miscanthus in low quality land. Wheat, barley and
cardoon also become profitable in such lands when compared to a zero profit state under current
yields.

3.3.2. Land Use of Low Quality Land

Estimates from previous studies [1, 3, 4, 12] addressing availability of low quality land in EU by
2030 range between 7—-40 million ha of biomass. The European project S2Biom has estimated that a
total of 18.3 million ha can be available in EU by 2030. This comprises of 13.7 million ha of land with
biophysical (land which is difficult to access, has poor soil or climate, etc.) low quality conditions and
4.6 million ha of land which will be released and left unused due to low economic competitiveness
of existing production systems (broadly referred to as socio-economic low quality conditions). This
section provides estimates of the economic added value from cultivating such land types with the
crops under study when they are profitable options. Calculations included values (for yields,
production costs, etc.) on low quality land for the 13.7 million ha with biophysical restrictions and
average farming values for the 4.6 million ha, with socio-economic marginality. For each specific
‘crop and country” combination, the Net Farm Profit (€/ ha/year) has been calculated and multiplied
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by the estimated available land to estimate the potential added value for the farmers’ income by crop

and country.

Agricultural land which will become available as crop productivity
increases; high yields for all crop types

Mitigation target for bioenergy (fuels, heat and electricity) of 60% as
compared to fossil alternatives, without including compensation of iLUC-
related emissions.

Fischer et. al, 2010/ EEA, 2006

Million ha

High restrictions for sustainability; average yields for all crop types

Mitigation target for bioenergy (fuels, heat and electricity) of 70% as compared to fossil
alternatives, including compensation of ILUC-related emissions.

No use of biomass cropped on biodiverse land, land with high carbon stock and fallow
land.

Biomass Futures, 2012/ EEA, 2013

Low quality and marginal types of land; low yields for all crop types

European Commission Impact Assessment for the Biobased Industries Joint
Undertaking, 2014
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Figure 7. Land availability (million ha) for dedicated non-food lignocellulosic crops in EU (in green
the estimates from S2Biom for availability of low and high quality land available by 2030). Adapted
from Panoutsou et al., D8.2. Vision for 1 billion dry tonnes lignocellulosic biomass as a contribution

to biobased economy by 2030 in Europe.
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Figure 8. Net farm profit (€/ha/year) from the cultivation of profitable crop options (as presented in
Table 6) in low quality land of EU countries. When a country is not shown, it means that the crop is

not cultivated in a significant part.

Figure 9 presents the net farm profit per country and the results derive as combined outcome of
land availability in low quality land types, crop suitability, yields and prevailing selling prices.

4. Conclusions

Crop production in EU comprises a variety of crops which can form the resource base for food,
feed, fine chemicals, pharmaceuticals, building materials and biofuels. Food and feed will remain top
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priorities for future cropping systems however the non-food, non-feed markets are also very
important and are expected to contribute significantly towards future low carbon bioeconomies.

With the demand for sustainable and locally sourced raw materials rising it is significant for
decision makers to understand the current crop options and appreciate how these can be turned into
economic opportunities for both farmers and industrial actors. Hence, crop yields, farm gate
production costs, profitability and the likelihood to produce more by exploiting unused, low quality
land are important as both industry and policy stakeholders seek technically sound evidence to
inform their plans and decision making.

The results from the work presented in this paper can inform on economically sustainable
decisions for locally sourced crops as raw materials in Europe. They provide estimates for the costs
and profitability of European crops and analyse how these can be influenced by yield increase
through sustainable agronomic practices and cultivation in low quality land. This knowledge can
also be used for future crop selection within the Common Agricultural Policy strategic plans and
provide input for potential financial interventions required to make specific crops profitable options
for farmers and the respective industries.

Among the crops under study, wheat, barley and oilseeds are profitable options under current
market prices across EU countries and land types except for wheat in low quality land in Cyprus and
Portugal and barley in Cyprus, Greece, Italy, Latvia, Poland and Portugal. Yields, above which the
crops can become profitable across all land types have been estimated at 3-3.5 t/ha/year for cereals
and 1-1.4 t/ha/year for oilseeds. Countries with high profitability per crop are presented in detail in
Table 6. Among them, Austria, Hungary and UK exhibit very high values across all crops within the
cereal and oilseeds categories.

Sugar beet and maize are also profitable across all the countries under study and land types
since their high yielding potential counterbalances their respectively high production costs. Yield
levels, above which the crops become profitable are estimated at 2.6-2.8 t/ha/year and 4-4.5 t/ha/year,
respectively.

Lignocellulosic crops present low to average profitability for the three land types except for
willow and poplar which are non-profitable on low quality land in Belgium, Croatia, Cyprus,
Denmark, Estonia, Finland, France, Hungary, Latvia, Lithuania, Netherlands, Portugal, Slovakia,
Slovenia and Sweden.

Based on the research work supporting this paper, important factors that influence profitability
most, except yields, are market selling prices. For the latter, one should note that market selling prices
for oilseeds in EU are at their highest levels due to market demand, at the time of writing this paper.
During the last decade (2006-2015), they have ranged from 250 to 350 €/tonne. If the selling price
drops to its ten-year low range then the production of rapeseed, sunflower and soybeans in low
quality land would become uneconomic in most countries. The situation is similar for small grain
cereals including wheat and barley but with much smaller price ranges, from 120 to 150 €/tonne. If
selling prices drop to the lower levels experienced in the last ten years, the cultivation of these crops
in low quality land would also become uneconomic.

Finally, concerning the opportunity of increasing the amount of land available by cultivating
low quality land types the analysis presented in this paper shows that there are good prospects for
all the crops under study with variable annual next farm profits for specific ‘crop-country’ cases. Most
of the analysed cases can result to annual net farm profits within a range of 250-750 €/ha/year; which
represent an income for European farmers that is in most cases comparable to cereals in the respective
countries.

The increasing demand from the variable bioeconomy sectors will steer developments in the
rehabilitation of low quality land around Europe. Such land types however have restrictions due to
either low fertility, steepness of terrain, unfavourable climatic conditions and/ or difficult market
accessibility, small holdings and poor infrastructure. Therefore, substantial efforts and time would
be required to (re)turn them to productivity. These elements should be carefully addressed in a cost
benefit analysis when planning for the economic use of such land types.
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Future research for the economic prospects of crops in low quality land should focus on ‘case
specific’ situations since there are variations in the types and conditions which affect the quality of
land. Yields and cost relevant parameters (including prevailing market prices) used in the analysis
should be as close as possible to local and regional conditions of the case study analysed.
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Appendices

Table A1l. Land rent (€/ha) for average farming and low-quality land.

AU BE BG CY CZ DK EST FIN FR DE GR HR HUN 1 IRL LV LT LUX MLT NL PL PT RO SP SK SI S UK Median
Average 209 300 50 135 50 350 50 113 300 300 350 60 60 400 190 15 15 168 135 600 250 250 50 300 20 20 350 201 179
Low quality 143 200 70 92 28 300 27 62 250 250 200 40 45 350 185 10 10 162 92 400 150 100 30 200 10 10 200 194 121.5

Table A2. Labour costs for skilled and unskilled employment (€/h).

AU BE BG C Ccz DK ES FI FR DE GR HR HU I IR L LT LUX ML NL PL PT RO SP SK SI S UK Media
Y T N N L \4 T n

Skilled 15 15 55 6 7 30 6 16. 16 155 7.1 7.1 6 14.3 13 5 5 139 7.5 19 7.7 4.7 4 14. 55 6.8 22 14.4 7.6
7 8 9 6 4 2

Unskilled 6.85 9.93 0.69 42 3.49 4. 1.59 8.8 8.27 9 3.8 2.8 217 6.37 8.5 1 3.5 124 3.5 11. 1.3 2.6 21 4 24 4.8 10.35 8.6 4.1

3 2 7 1 4 7 6 4
Average 10.92 12.46 3.09 51 524 22. 3.8 12. 12.13 122 5.4 49 4.09 10.3 10. 3 42 13.2 5.5 15. 45 3.6 3.0 9.1 39 58 16.17 115 5.66
(FADN, 5 5 5 5 1 8 5 5 5 6 8 8 9 1 2 8 9 9 8 2 5 1

2017 values)
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Table A3. Crop yields (t/ha)- 2017 (average farming land).

Oil crops AU BE BG ﬂ CZ DK EST FIN FR DE GR HR HUN 1 IRL LV LT LUX MLT NL PL PT RO SP SK SI S UK  Median
Rapeseed 33 43 25 - 35 39 2.0 1.5 30 39 15 27 25 24 36 24 21 3.4 0.0 3.0 30 24 26 26 24 27 30 2.7
Sunflower 2.4 22 - 23 - - - 21 24 24 32 25 22 - - - - - - 1.8 06 20 12 23 18 - - 2.2
Soybeans 2.0 18 - 20 - - - 26 20 33 24 19 34 - - - - - - 1.7 22 28 14 17 - - 2

Sugar and starch

Sugarbeet 68 80 - - 60 52 40 85 64 61 52 53 53 - - 55 - - 78 58 25 37 79 56 64 72 59
Wheat 5 8 4 2 4 7 3 4 7 8 3 5 5 4 9 4 4 6 5 9 4 2 4 3 5 4 6 7 5
Barley 8 8 4 1 4 6 3 4 6 7 3 4 4 4 8 3 3 6 4 7 4 2 3 4 4 4 5 6 4
Maize 8 11 6 - 7 6 - - 8 9 11 7 5 9 - - 7 1 - 12 7 8 5 11 5 5 - - 8
Lignocellulosic

Flax 13 67 25 - - - 0.87 136 - - - - 115 - 25 1 - - 6 26 14 - . - - 14 14
Hemp - - - - - - - - 62 - - - 42 - - - - - - - 5 09 3 - - - - 4.2
Fiber sorghum - - 15 15 - - - - 15 12 15 15 15 15 - - - - - - 15 15 15 15 - - - - 15
Kenaf - - 15 15 - - - - 15 12 15 15 15 15 - - - - - - 15 15 15 15 - - - - 15
Miscanthus - - 15 15 12 12 - - 12 12 15 15 15 15 12 12 12 12 12 12 15 15 15 15 12 13 10 12
Switchgrass - - 15 15 12 12 - - 12 12 15 15 15 15 12 12 12 12 12 12 15 15 15 15 12 13 8 12
Cardoon - - 15 15 - - - - 12 15 15 15 15 15 15 15 15 15
Willow 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

Poplar 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
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Table A4. Production costs for materials used in each crop for average farming conditions; in low quality land the respective costs are increased by 20%.

Production Rapeseed Sunflower Soybean Sugarbeet Wheat Barley Maize  Flax Hemp  Fiber Kenaf Miscanthus an Switchgrassan Cardoonan  Switchgrassan Cardoon an
costs sorghum

Materials 233 182 200 500 250 250 400 130 150 200 217 100 100 50 100 50

(€/ha)

Table A5. Market selling prices (€).

AT BE BG CY czZ DK EE FI FR DE EL HR HU IT IE LV LT LUX MT NL PL PT RO ES SK SI SE UK

barley 123 130 124 143 129 145 107 132 132 142 175 177 132 164 119 104 122 144 144 139 119 171 170 152 141 116 131 148
wheat 142 143 127 228 115 140 129 131 152 153 243 156 144 225 110 126 132 161 161 138 130 170 149 181 129 144 141 147
maize 125 75 137 207 132 212 207 212 146 144 206 116 130 174 212 207 162 207 207 132 126 153 220 179 120 120 157 212
oats 107 116 110 464 106 140 82 113 90 139 158 166 128 192 109 89 105 152 152 94 99 143 203 139 109 151 117 130
Sugar-beet 35 29 36 36 31 36 36 41 27 36 31 39 37 36 36 37 37 36 36 36 35 36 38 30 40 36 26 36
rapeseed 378 463 294 385 305 343 336 354 323 340 394 527 346 201 489 299 313 385 385 227 301 394 258 476 342 535 298 365

Sunflower 307 403 247 381 273 403 381 344 339 343 368 318 342 257 403 381 381 381 381 374 352 670 294 384 294 840 403 319
seed
Soya seed 370 337 233 330 381 337 330 337 359 337 38 443 323 276 337 330 330 330 330 337 240 337 362 404 233 317 337 337

STRAW 155 70 39 32 62 64 38 64 35 81 51 39 50 39 23 38 38 93 32 93 38 32 39 32 67 39 64 68
average
CAPRI
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Table A6. Fertilisers €/100 kg.

AU BE BG CY CZ DK EST FIN FR GE GR HR HUN I IRL LV LI LUX MLT NL PL PT RO SP SK SI S UK
N 48 48 18 45 23 45 29 45 45 45 44 44 43 45 45 28 28 53 45 45 18 46 18 28 28 47 45 54
P205 49 49 21 51 12 49 24 49 51 51 49 49 20 49 49 20 28 49 49 49 20 49 21 20 20 47 49 47
K20 18 36 21 40 17 29 17 33 37 35 33 33 20 38 33 14 21 34 33 41 20 34 21 20 20 30 33 32

Table A7. Annual Total Productions costs (TPC) per crop and country (in €/ha) in average farming land.
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Table A11. Profitability Index in average farming land.
Z > =
=) »~ N ¥ Bz oM E D 2 2 2 o — v
= 8 g ¢ 8 A @ £ g &2 6 E ¢z . B Zz2 5 2 5 zZz £ E B &8 ¥ & o 3
Rapeseed 2.5 3.3 2.5 34 1.9 2.2 1.3 1.6 2.2 1.0 4.5 2.8 0.7 3.6 2.7 24 2.7 0.0 0.7 1.8 2.1 2.1 3.2 4.5 1.2 2.2
Sunflower 1.6 22 24 1.3 15 1.6 3.7 3.2 0.9 14 0.9 2.3 0.9 3.0 6.3
Soybeans 1.6 1.6 2.7 1.7 1.2 0.2 3.7 22 14 0.9 3.0 2.1 1.4 2.1
Sugarbeet 2.8 24 3.1 1.7 0.0 22 2.4 24 2.1 3.3 3.2 1.9 3.6 22 2.5 1.1 2.4 2.7 4.0 1.6 3.1

Wheat 1.5 2.0 1.7 1.0 1.5 1.5 14 1.2 1.8 2.0 11 2.3 2.0 1.2 2.0 1.8 2.0 21 2.1 13 1.1 0.6 1.7 1.1 2.1 2.1 1.2 22

Barley 2.0 17 15 0.5 17 1.2 1.1 12 14 15 0.8 2.0 1.6 0.9 1.8 1.0 14 1.6 14 11 0.8 0.6 1.7 0.9 1.8 1.6 1.0 1.7

Maize 14 1.0 19 1.9 1.3 15 1.6 2.7 15 14 1.7 2.6 3.2 14 1.2 19 21 2.6 13 14
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Fiber 4.1 29 1.9 15 1.9 3.7 3.8 1.6 2.3 23 4.1 2.0
sorghum
Kenaf 39 2.8 1.8 14 1.8 3.5 3.6 1.6 2.3 23 3.8 19
Miscanthu 6.3 3.8 4.3 13 1.7 1.7 2.2 5.3 5.5 1.8 22 6.3 5.4 2.1 3.0 1.0 2.9 29 6.1 2.3 5.5 0.0 1.5 1.7
s
Switchgras 9.3 4.8 6.2 1.5 2.0 2.0 2.5 7.4 7.9 2.1 2.7 103 8.6 2.6 3.9 1.1 3.4 3.4 8.8 2.7 8.7 0.0 1.8 1.7
Cardoon 22 1.8 1.1 1.3 2.0 21 1.2 1.5 1.5 2.1 14
Willow 0.9 0.7 1.3 1.0 1.2 0.6 1.3 1.0 0.7 0.7 0.8 1.2 1.2 0.7 0.9 14 1.3 0.9 1.0 0.5 0.9 0.9 13 0.8 1.3 1.3 0.7 0.9
Poplar 0.9 0.7 1.3 1.0 1.2 0.6 1.3 1.0 0.7 0.7 0.8 1.2 1.2 0.7 0.9 14 1.3 0.9 1.0 0.5 0.9 0.9 13 0.8 1.3 1.3 0.7 0.9
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Table A12. Profitability Index in low quality land.

2 8 ¢ 7 3 £ B E g B B E 2 _ E 2z 5 2 3 8 2 &5 2 5 ¥ 5 o 5
Rapeseed 2.6 25 2.1 3.2 1.7 2.1 1.1 1.4 1.9 0.8 4.3 2.6 0.4 3.5 2.6 2.3 2.7 0.0 0.6 1.3 1.8 1.4 3.1 4.3 0.8 22
Sunflower 1.7 1.8 2.3 1.3 1.5 2.0 3.5 3.0 0.9 1.6 1.2 2.2 1.0 2.7 5.7
Soybeans 1.7 1.3 2.6 1.7 1.2 0.3 3.5 2.0 1.5 1.0 2.8 2.3 1.2 1.9
Sugarbeet 2.7 24 2.7 1.6 0.0 2.0 2.3 2.3 22 29 2.8 1.8 3.1 24 2.5 1.2 2.1 2.7 3.4 1.7 2.8
Wheat 1.6 2.1 14 1.0 14 1.5 1.2 1.2 1.8 2.0 1.3 2.1 1.8 1.2 19 1.5 1.7 2.0 2.1 1.6 1.2 0.7 15 1.1 1.8 1.9 14 2.0
Barley 2.1 1.8 1.2 0.5 1.6 1.2 1.0 1.2 1.4 1.5 0.9 1.8 1.5 0.9 1.7 0.9 1.2 1.5 1.4 1.3 0.9 0.7 1.5 1.0 1.6 1.4 1.2 1.6
Maize 1.4 1.0 1.5 1.7 1.3 1.4 1.5 3.0 1.3 1.3 1.6 2.3 29 1.5 1.3 2.1 1.8 2.7 1.2 1.2
Fiber 3.2 22 2.1 1.7 2.4 3.1 2.9 1.8 2.7 2.7 3.7 2.3
sorghum
Kenaf 3.0 2.1 2.0 1.6 2.3 2.9 2.8 1.8 2.6 2.6 3.5 2.2
Miscanthus 5.2 4.1 4.3 1.3 1.8 1.8 2.9 5.3 54 1.9 2.1 5.7 4.9 2.0 3.3 1.3 3.6 4.3 6.1 2.7 5.2 0.0 2.0 1.7
Switchgrass 6.0 2.8 7.2 1.8 24 25 3.7 53 4.8 2.6 3.0 3.8 6.9 2.3 4.6 1.8 4.6 4.5 8.4 3.4 3.6 0.0 3.0 24
Cardoon 1.4 1.9 1.2 15 1.8 2.1 1.3 1.6 1.9 2.0 1.3
Willow 0.9 0.8 1.0 0.8 1.1 0.7 1.0 0.9 0.8 0.8 0.8 1.0 1.0 0.7 0.9 1.0 1.1 0.8 1.0 0.7 0.9 0.9 1.1 0.8 1.0 1.0 0.8 0.9

Poplar 09 08 10 08 11 07 10 09 08 08 08 10 10 07 09 10 11 08 10 07 09 09 11 08 10 10 08 09
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