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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 types
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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
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mix in terms of agronomic and climate suitability, regional distribution 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].

Structure of the Crop Supply Value Chain

Climatic and Ecological Profile

Crop Growth Type Establishment Harvest Yield (t/ha) Soil Type/pH (min- max) Input Frost Free Days
Oil crops
Rapeseed [21,22] An}nual (spring), biennial Winter Crops from lateA June 1543 variety of soils- well drained (6.0-7.2) High 130 none
(winter-sown) July, spring September;
Sunflower [22] Annual/rotation crop March/April Sept 1-32 variety of soils- well drained (5.5-7.8) Average 80 medium
Soya [22] Annual March/April Sept 1.40-3.40 variety of soils- well drained (5.5-7.8) Average 140 medium
Sugar and starch crops
Sugarbeet [16,23] Annual/rotation crop Feb/March Sept/Nov 50-80 Rich- well drained soils (6.5-7.0) High 90 high
Wheat [16,25] Annual/rotation crop Oct/Nov June 1.4-8 variety of soils, deep, well drained (5.5-8.0) Average 100 medium
Barley [16,23] 3.0-8 . ! ’ 90 high
Maize [16,23] Annual Sept/Oct 5.5-12 variety of soils- well drained (5.5-7.5) High 90 low
Lignocellulosic crops
Fiber sorghum [22] Annual April/May Sept/Oct 15-20 well drained (5.5-7.5) Average 90 medium
Kenaf [16-18,20,22] Annual May Sept/Oct 10-15 well drained (4.6-7.5) Average
Miscanthus [19,24,29,30] Perennial Nov/Jan Nov/Feb 10 variety of soils- well drained (4.5-8.0) Average 120
Switchgrass [19] Perennial May Nov/Jan 8-10 variety- well drained Low 120 medium
Cardoon [26] Perennial Oct or Feb/Mar Jun/July 10-15 Low fertility Low high
Perennial; Harvested on 6-15
Poplar [27] years/(in very short rotations April Nov/Dec 7-28 Low fertility Average
every 2-3 years) (winter)
Willow [27] Perennial; Harvested on 3-4 April Nov/Dec 10-30 variety of soils Average

years rotation (winter)
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Table 2. Quality attributes, biobased products and markets; adapted from [31,32].

5 of 27

Oil Content Protein Content Crude Fibre Content ~ Carbohydrates  Energy (LHV in

Crop (%) (% Dry Matter) (% Dry Matter) %) GJ/Dty Tonne) Commodity/Product Bioenergy and Ciobased Markets
. . . Fine chemicals, food, biofuels,
Rapeseed a 25 25 QOil :24 Seed: Valued mainly for oil. chemical additives
Straw: 15 Straw animal feed
Seed: Valued mainly for oil. Minor uses include as a Fine chemicals, food, biofuels,
Oil Sunflower 42 23 30 human food and as feed for birds. chemical additives
Straw: 15 Straw Food, animal feed
Oil :24 Seed: Oil
Soy 4 0 25 Soy sauce/paste: A fermented soy product from Fine chemicals, food, biofuels,
soybeans, filtered and pasteurized. chemical additives, glue
Soy curd: Obtained by precipitating proteins from
soy milk.
Straw: 15 Straw
Wheat 25 11-15 20-25 60 Grain: 16
Barle 12-15 25 60 . . Food, Plastics, rubber, biofuels,
Starch and sugar Maizz 5 15 5 75 Straw: 15 Starch, gluten, Packaging, foam chemical additives, glue
Sugarbeet 5-7 5-7 65 to 70 Sugar: 17.5
Fiber sorghum - - 60 40 17
Kenaf 20 - 40 17
Miscanthus B 40 60 17 Paper, textile, building material,
Lignocellulosic Switchgrass - 60 40 17 Fiber, composite, packagingOil (cardoon) P! M ) t', " 8 v
Cardoon 20-25 - 40 60 17 nsuation, motorears
Poplar - - 18
Willow - - 18




Energies 2020, 13, 1222 6 of 27

2.2. 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

Lag 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

2.3. 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 2009-2017 (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.

2.4. 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 [33,
34], assuming 70% unskilled and 30% skilled labour. Reference year for labour statistics was 2017. The
values are in Table A2 in the Appendix A.

Following, the cost layout used the Discounted Cash Flow approach, by breaking total cost by
production factor. The following factors have been analysed:
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Table 3. Average time (in man hours/ha) required to perform the operations for the cultivation practices involved in the production of each crop.

Ploughing Harrowing Herbicide Application Initial Fertilising Sowing/Planting Irrigation Fertilising Harvesting Hours/ha
Rapeseed 15 0.7 0.5 0.5 1 0 0.5 15 6.2
Sunflower 15 0.5 1 0.7 1 0 1 15 7.2
Soy 15 0.7 0.5 0.5 1 0 0.5 15 6.2
Sugarbeet 2 05 1 1 2 2 1 3 12.5
Wheat 15 0.7 0.5 0.5 1 0 0.5 15 6.2
Barley 15 0.7 0.5 0.5 1 0 0.5 15 6.2
Maize 15 0.5 1 15 1 3.5 1 2 12
Fiber sorghum 15 0.5 1 15 1 3.5 1 3 13
Kenaf 15 0.5 1 1 1 2 1 2 10
Miscanthus 2 1 1 1 2 2 1 3 13
Switchgrass 15 1 1 1 1 2 1 3 11.5
Cardoon 15 1 1 1 1 2 1 3 11.5
Poplar 15 1 1 1 2 2 1 4.5 14
Willow 15 1 1 1 2 2 1 4.5 14
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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=cil[1-(1+10)"], 1)

where e = annual equivalent cost, ¢ = 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 4 have been analysed for each crop
and country.

Table 4. Assumptions for the study scenarios.

Land Labour Displaced Cropping
(Table A1 in Appendix A Yield (Table A2 in Appendix A Material Inputs Activity (for Comparisons
Per Country) Per Country) in this Paper)
Average yields reported by Estimated costs for material
Average farming statistics or research (see 70% skilled inputs per crop are provided Cereals

Table A3 with country 30% unskilled in Tables A4 and A6 in the
values in Appendix A) Appendix A

Low quality 30% reduction in the 70% skilled 20% higher than the average No activity

average yields 30% unskilled scenario

Average yields reported by statistics or research (see Table A3 with country values in )

2.5. 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 Appendix A 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].
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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 and A8
in the Appendix A.

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].

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
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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 A.

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.

Table 5. 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 (€/ha) TPC (€/t) Land Cost Share (%) TPC (€/ha) TPC (€/t) Land Cost Share (%)

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

e nused marginal e==gaverage farming

Rapeseed
900
Poplar Sunflower
800

700
Willow 600 Soybeans

Cardoon Sugarbeet
Switchgrass Wheat
Miscanthus Barley

Kenaf Maize

Fiber sorghum

Figure 2. Total crop production costs (TPC) (€/ha/year) averaged over the countries under study in
average farming and low quality land types.
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e unused marginal average farming
Rapeseed

400
Poplar Sunflower

350
—
"\ .
300 - Q Oilseeds
Willow = j ’K, Soybeans

356 € / tonne

f \ 250€/tonne
20f \
{: \ 145 € / tonne
140 /.
| / Cereals 120€/ tonne
Cardoon /AQO v Sugarbeet 100 €/tonne
\, 50 “ 65 € / tonne
\
\ 4
0 —
{ T
5N /
Switchgrass \"\ P / Wheat

Miscanthus Barley

Kenaf Maize

Fiber sorghum

Figure 3. 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.

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 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].

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 oil 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).
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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 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 PI > 2.
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Figure 4. 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 Appendix A 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 Appendix A. 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 6. 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.

Net Farm Profit (NFP) and Profitability Index (PI) (Median Average Over Countries)

Average Market

Countries

Countries

Countries

Selling Prices with PI <1 in Average with PI: 1-2 in Average with PI > 2 in Average
Per Hectare and Per Tonne . . .
(€/v Farming Land Farming Land Farming Land
Cro
P Low Quality Land Average Farming Land
NFP (€/ha) NEFP (€/t) PI NFP (€/ha) NEP (€/t) PI
AU, BE, BG, CZ, EST, DE, HR,
Rapeseed 99 66 1.23 577 192 220 353 I, GR,NL DK, FIN, FR, ES, PL, RO, S 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, HUN, RO, SK, SI
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, HR, I, LT,
Sugarbeet 446 13 1.55 999 20 2.25 36 - DK, HUN, PT 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, I, LV, LT, NL, PL, AU, DE, HR, HUN, IRT, LUX,
MLT, SK, UK
RO, RS, S
BE, BG, CZ, ES, EST, FIN,
Barley -16 -5 0.96 224 45 1.46 142 CY,ES,GR, I, PL, PT, S 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
Fiber sorghum 244 30 1.62 718 48 249 80 _ BG, CY, HR, HUN, PL, PT, RO
Kenaf 223 28 1.54 701 47 240 80 ES, FR, DE, GR, HR, HUN, I
X BG, CY, CZ, GR, HR, HUN, PL, PT,
Miscanthus -63 -16 0.84 248 31 1.63 80 _ DK, FR, DE, I, NL, S 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, I, PT BG, HR, HUN, RO, UA
Poplar -156 -26 0.75 —42 -5 0.94 80 BG, CY, HR, HUN, PL, PT, RO
Willow -156 -26 0.75 —42 -5 0.94 80 ES, FR, DE, GR, HR, HUN, I
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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
Appendix A 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).

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).

Profitable in all EU Profitable in all EU Not profitable undsr Profitable in all EU
Member States Member States Fron N 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,

0.00 .I II II II II

=]
=]

=}
=]

2
1

=]
=)

Oilseeds Sugarbeet Small grain cereals Maize Lignocellulosic crops

Figure 5. 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.

3.2.3. Market selling prices

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. (Figure 6)
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Figure 6. 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.

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
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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.
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Figure 7. 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 by the estimated
available land to estimate the potential added value for the farmers” income by crop and country
(Figure 8).

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.
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Agricultural land which will become available as crop productivity
increases; high yields for all crop types 45
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Figure 8. 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 9. 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.

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
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
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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.

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

AU BE BG CY CZ DK EST FIN FR DE GR HR HUN I IRL LV LT LUX MIT 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 35 185 10 10 162 92 400 150 100 30 200 10 10 200 194 1215

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

AU BE BG CY CZ DK EST FIN FR DE GR HR HUN I IRL LV LT LUX MIT NL PL PT RO SP SK SI S UK  Median
Skilled 5 15 55 6 7 30 6 167 16 155 71 71 6 1438 13 5 5 1399 75 19 77 476 4 144 55 68 22 1442 7.6
Unskilled 685 993 069 42 349 143 159 88 827 9 38 28 217 637 85 1 357 124 35 111 134 26 217 4 246 484 1035 86 41
ZAO"I‘;’ig;u(ngDN’ 10925 12463.095 51 5245 221 38 128 12135 1225 545 496 409 1038 108 3 429 132 55 151 452 368 309 919 398 58 16175 1151 5.66

Table A3. Crop yields (t/ha)- 2017 (average farming land).
Oil crops AU BE BG CY CZ DK EST FIN FR DE GR HR HUN I IRL LV LT LUX MIT NL PL PT RO SP SK SI S UK  Median
Rapeseed 33 43 25 - 35 39 20 15 30 39 15 27 25 24 36 24 21 34 00 30 30 24 26 26 24 27 30 2.7
Sunflower 24 22 - 23 - - - 21 24 24 32 25 22 - - - - - - 18 06 20 12 23 18 - - 22
Soybeans 2.0 18 20 - - - 26 20 33 24 19 34 - - - - - - 17 22 28 14 17 - - 2
Sugar and starch
Sugarbeet 68 80 - - 60 52 40 8 64 61 52 5 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 1 7 5 9 - - 7 11 - 12 7 8 5 11 5 5 8
Lignocellulosic
Flax 13 67 25 - . - 087 136 - - - - 115 - 25 1 - - 6 26 14 - - - - 14 14
Hemp - - - - - - - - 62 - - - 42 - - - - - - - 5 09 3 - - - - 42
Fiber sorghum - - 15 15 - - - - 5 12 15 15 15 15 - - - - - - 5 15 15 15 - - - - 15
Kenaf - - 15 15 - - - - 5 12 15 15 15 15 . . . - - - 5 15 15 15 - - - - 15
Miscanthus - - 15 15 12 12 - - 2 12 15 15 15 15 12 12 12 12 12 12 15 15 15 15 12 1310 12
Switchgrass - - 15 15 12 12 - - 2 12 15 15 15 15 12 12 12 12 12 12 15 15 15 15 12 13 8 12
Cardoon - - 15 15 - - - - 12 5 15 15 15 5 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
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 costs ~ Rapeseed Sunflower Soybean  Sugarbeet Wheat Barley Maize Flax Hemp Fiber sorghum Kenaf Miscanthus an ~ Switchgrassan ~ Cardoon an  Switchgrassan  Cardoon an
Materials (€/ha) 233 182 200 500 250 250 400 130 150 200 217 100 100 50 100 50
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Table A5. Market selling prices (€).

AT BE BG CcY Ccz 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 seed 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
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 average CAPRI 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

Table A6. Fertilisers €/100 kg.

AU BE BG CY Ccz 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.

AU BE BG CY CZ DK EST FIN FR DE GR HR HUN I IRL LV LT LUX MLT NL PL PT RO SP SK SI S UK Median

Rapeseed 500 604 296 311 701 301 415 599 601 613 318 314 687 484 262 273 481 397 917 503 300 577 274 287 669 498 482
Sunflower 458 247 265 558 561 566 272 266 645 455 455 252 533 226 241 632 455
Soybeans 467 263 278 566 568 580 285 281 654 470 267 544 241 254 636 467
Sugarbeet 846 956 6l6 1,127 597 773 952 953 918 622 611 1,030 569 1,288 807 796 589 915 570 1,052 845

Wheat 505 607 311 409 323 695 315 419 603 605 624 331 327 694 489 276 285 482 409 917 516 516 314 586 287 297 669 503 845
Barley 505 607 311 409 323 695 315 419 603 605 624 331 327 694 489 276 285 482 409 917 516 516 314 586 287 297 669 503 486
Maize 702 815 471 495 940 806 810 798 501 493 888 455 697 1,135 682 682 477 771 454 474 486
Fiber sorghum 271 382 606 610 598 301 293 688 482 482 277 571 412
Kenaf 288 399 623 627 615 318 310 705 499 499 294 588 521
Miscanthus (annualised) 178 297 209 697 538 542 512 213 203 614 418 144 167 435 296 875 392 392 185 492 164 191 630 435

Switchgrass (annualised) 121 232 145 590 456 460 448 151 143 538 339 87 105 347 232 785 332 332 127 421 104 124 538 354 482
Cardoon (annualised) 521 632 856 860 848 551 543 938 732 732 527 821 499
Willow 702 815 471 582 495 940 479 625 806 810 798 501 493 888 689 437 455 697 582 1,135 682 682 477 771 454 474 888 704 392

Poplar 702 815 471 582 495 940 479 625 806 810 98 501 493 888 689 437 455 697 582 1,135 682 682 477 771 454 474 888 704 332
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Table A8. Annual Total Productions costs (TPC) per crop and country (in €/ha) in 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

Rapeseed 480 551 363 336 697 325 411 595 597 509 345 345 684 526 303 314 521 401 763 450 326 524 311 323 565 538 465
Sunflower 428 304 279 545 547 453 288 287 632 392 342 268 470 253 267 342
Soybeans 441 323 296 556 558 470 305 306 644 410 287 484 271 284 367
Sugarbeet 880 956 709 756 694 1177 674 822 1002 1003 868 702 696 1080 919 648 664 927 761 1188 807 746 669 915 660 683 1002 938 814
Wheat 489 557 381 416 351 695 342 418 603 605 524 361 362 694 534 321 330 526 416 767 466 416 344 536 327 337 569 546 442
Barley 489 557 381 416 351 695 342 418 603 605 524 361 362 694 534 321 330 526 416 767 466 416 344 536 327 337 569 546 442
Maize 716 795 571 619 553 970 536 654 836 840 728 561 558 918 764 512 530 771 619 1015 662 612 537 751 524 544 818 777 658
Fiber sorghum 404 487 355 522 297 652 373 412 538 531 473 368 384 612 465 379 297 537 364 672 417 411 304 494 388 353 492 434 414
Kenaf 425 508 376 542 318 672 393 432 558 551 494 388 404 632 485 399 317 557 385 693 438 432 324 515 409 374 512 454 435

Miscanthus (annualised) 384 469 218 274 207 667 185 327 508 512 382 213 208 584 433 159 182 449 273 695 312 262 185 412 174 201 500 448 320
Switchgrass (annualised) 231 322 189 399 126 505 225 264 372 363 303 214 233 439 297 237 131 397 194 502 245 252 134 331 250 204 327 254 253

Cardoon (annualised) 665 719 777 590 633 898 629 584 763 753 774 628 534 862 812 531 645 664 594 895 702 604 561 840 604 537 660 654 657
Willow 644 727 595 762 537 892 613 652 778 771 713 608 624 852 705 619 537 777 604 912 657 651 544 734 628 593 732 674 654
Poplar 644 727 595 762 537 892 613 652 778 771 713 608 624 82 705 619 537 777 604 912 657 651 544 734 628 593 732 674 654

Table A9. Profitability (euro/ha/year) in average farming land.

AU BE BG CY CzZ DK EST FIN FR DE GR HR HUN I IRL LV LT LUX MLT NL PL PT RO SP SK SI S UK

Rapeseed 748 1387 439 756 637 371 116 370 725 -22 1104 556 -205 1276 456 385 828  -397 -236 400 319 660 615 997 136 597
Sunflower 279 296 366 154 255 317 746 589 -80 178 -53 336 =72 450 1271

Soybeans 273 156 484 368 106  —454 778 333 284 —60 530 587 85 285

Sugarbeet 1554 1385 1290 760 =597 899 1369 1353 967 1412 1339 880 1469 1534 1249 98 823 1514 1687 654 1750
Wheat 261 585 223 -9 174 327 111 79 507 619 56 434 336 161 501 215 283 548 461 283 56 =227 208 30 307 336 149 585
Barley 515 410 148 -202 223 132 39 96 229 332 134 324 201 -87 415 5 118 310 168 56 -88 208 213 -38 235 l67 -14 356
Maize 311 18 405 429 311 391 458 1386 253 209 626 744 1539 436 149 587 513 1252 158 174

Fiber sorghum 854 743 519 291 527 824 832 437 643 643 848 554

Kenaf 837 726 502 274 510 807 815 420 626 626 831 537

Miscanthus 947 828 691 203 362 358 613 912 922 511 482 756 733 465 604 25 733 733 940 633 736 -191 345 315
Switchgras 1004 893 755 310 444 441 677 974 982 587 562 813 795 553 668 115 793 793 998 704 796  -124 437 246
Cardoon 604 493 44 277 574 582 187 393 393 598 304

Willow -102 -215 129 18 105 340 121 -25 =206 -210 -198 99 107 -288 -89 163 145 =97 18 -535 -82 -82 123 171 146 126 -288 -104

Poplar -102 215 129 18 1056 340 121 -25 206 -210 -198 99 107  -288 -89 163 145 =97 18 -535 -82 -82 123 171 146 126 -288 -104
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Table A10. Profitability (euro/ha/year) in low quality land.

AU BE BG CY cz DK EST FIN FR DE GR HR HUN I IRL LV LT LUX MLT NL PL PT RO SP SK SI S UK
Rapeseed 767 1187 389 734 537 349 65 270 625 -172 1094 536 —-605 1256 446 375 822 —-440 -536 200 279 360 605 987 -164 590
Sunflower 308 240 352 167 269 430 730 568 —66 242 60 320 -9 424 1245
Soybeans 299 96 466 378 116 344 758 308 294 0 510 647 55 255  #VALUE! #VALUE!
Sugarbeet 1520 1385 1212 710 -674 850 1319 1303 1017 1332 1254 830 1374 1634 1249 148 743 1514 1597 704 1657
Wheat 277 635 153 -16 146 327 84 80 507 619 156 404 301 161 456 170 238 504 454 433 106  -127 178 80 267 296 249 542
Barley 531 460 78 =209 195 132 12 97 229 332 -34 294 166 -87 370 —40 73 266 161 206 -38 -108 183 12 195 127 86 313
Maize 297 38 305 371 281 361 428 1456 193 144 596 669 1465 556 169 657 453 1272 88 104
Fiber sorghum 770 603 587 369 652 757 742 513 708 714 821 631
Kenaf 749 583 567 349 631 737 721 493 687 693 801 610
Miscanthus 907 851 693 233 392 388 743 912 917 541 467 741 718 451 627 205 813 863 940 713 726 -201 475 302
Switchgrass 936 726 774 395 528 537 822 911 892 686 603 663 769 503 706 398 880 873 991 794 650  —204 648 346
Cardoon 348 535 137 351 497 591 263 423 521 564 285
Willow —-44 127 5 -162 63 -292  -13 =52 -178 -171 -113 -8 -24 =252 -105 -19 63 =177 -4 =312 =57 =51 56 -134 -28 7 -132 74
Poplar -44 127 5 -162 63 -292 -13 =52 -178 -171 -113 -8 -24 252 -105 19 63 -177 -4 =312 -57 51 56 -134 28 7 -132 =74

Table A11. Profitability Index in average farming land.

AU BE BG CY cz DK EST FIN FR DE GR HR HUN I IRL LV LT LUX MLT NL PL PT RO SP SK SI S UK

Rapeseed 25 33 25 34 19 22 13 1.6 22 1.0 4.5 2.8 0.7 3.6 27 24 2.7 0.0 0.7 18 2.1 2.1 3.2 45 12 22
Sunflower 1.6 22 24 13 15 16 37 32 0.9 14 0.9 23 0.9 3.0 6.3

Soybeans 1.6 1.6 27 17 12 0.2 37 22 14 0.9 3.0 2.1 14 2.1

Sugarbeet 28 24 3.1 17 0.0 22 2.4 24 2.1 33 32 19 3.6 22 2.5 11 2.4 2.7 4.0 1.6 3.1
Wheat 15 20 17 1.0 1.5 15 14 1.2 1.8 2.0 11 23 2.0 12 2.0 1.8 2.0 21 21 13 11 0.6 1.7 11 21 21 1.2 22
Barley 20 1.7 15 0.5 17 12 1.1 12 14 15 0.8 2.0 1.6 0.9 1.8 1.0 14 16 14 11 0.8 0.6 17 0.9 18 1.6 1.0 17
Maize 14 10 19 1.9 13 1.5 1.6 27 1.5 1.4 17 2.6 32 1.4 12 19 2.1 2.6 13 1.4

Fiber sorghum 4.1 2.9 19 15 19 3.7 3.8 1.6 2.3 2.3 41 2.0

Kenaf 3.9 2.8 1.8 14 1.8 35 3.6 16 2.3 2.3 3.8 19

Miscanthus 6.3 3.8 43 13 17 17 22 53 55 18 22 6.3 5.4 21 3.0 1.0 29 29 6.1 23 55 0.0 1.5 17
Switchgras 9.3 48 6.2 15 2.0 2.0 25 74 7.9 21 27 103 86 2.6 39 11 34 34 8.8 2.7 87 0.0 1.8 17
Cardoon 22 1.8 11 13 2.0 2.1 12 15 1.5 21 14

Willow 09 07 13 1.0 1.2 0.6 13 1.0 0.7 0.7 0.8 1.2 1.2 0.7 0.9 1.4 13 0.9 1.0 0.5 0.9 0.9 1.3 0.8 13 1.3 0.7 0.9

Poplar 09 07 13 1.0 12 0.6 13 1.0 0.7 0.7 0.8 12 12 0.7 09 14 13 0.9 1.0 0.5 0.9 09 13 0.8 13 13 0.7 0.9
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Table A12. Profitability Index in low quality land.

23 of 27

AU BE BG CY cz DK EST FIN FR DE GR HR HUN I IRL LV LT LUX MLT NL PL PT RO SP SK SI S UK
Rapeseed 26 25 21 32 17 21 11 14 19 0.8 43 2.6 0.4 35 2.6 23 27 0.0 0.6 13 1.8 14 3.1 43 0.8 22
Sunflower 17 1.8 2.3 13 15 2.0 35 3.0 0.9 1.6 1.2 22 1.0 27 57
Soybeans 17 1.3 2.6 1.7 1.2 0.3 35 2.0 15 1.0 2.8 23 1.2 19
Sugarbeet 27 24 27 1.6 0.0 2.0 23 23 22 29 2.8 18 31 24 25 12 2.1 2.7 34 17 28
Wheat 16 21 14 1.0 14 15 1.2 12 1.8 20 13 2.1 1.8 12 1.9 15 17 2.0 21 1.6 12 0.7 15 11 1.8 19 14 20
Barley 2.1 1.8 12 0.5 1.6 1.2 1.0 12 14 15 0.9 1.8 15 0.9 17 0.9 1.2 1.5 1.4 13 0.9 0.7 15 1.0 1.6 1.4 12 1.6
Maize 14 10 15 17 13 14 15 3.0 13 13 1.6 23 29 15 13 21 18 2.7 12 12
Fiber sorghum 32 22 2.1 17 24 3.1 29 1.8 27 27 3.7 23
Kenaf 3.0 21 2.0 1.6 23 29 2.8 1.8 2.6 2.6 35 22
Miscanthus 52 41 4.3 13 1.8 18 29 53 54 1.9 21 5.7 49 20 33 13 3.6 43 6.1 2.7 52 0.0 2.0 17
Switchgrass 6.0 2.8 7.2 1.8 2.4 25 3.7 53 48 2.6 3.0 3.8 6.9 23 4.6 1.8 4.6 45 8.4 3.4 3.6 0.0 3.0 24
Cardoon 14 19 12 15 1.8 21 1.3 1.6 19 2.0 13
Willow 09 08 10 0.8 11 0.7 1.0 0.9 0.8 0.8 0.8 1.0 1.0 0.7 0.9 1.0 11 0.8 1.0 0.7 0.9 0.9 11 0.8 1.0 1.0 0.8 0.9
Poplar 09 08 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 11 0.8 1.0 0.7 0.9 0.9 1.1 0.8 1.0 1.0 0.8 0.9
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