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The aim of the article is to assess the dynamics of the development of biofuels production from agricultural raw materials and the share
of biofuels in the consumption of the most important agricultural raw materials with particular regard to the situation in Poland. Data
used in the study are derived from OECD statistics as well as CSO statistics. The analysis covered the period from 2005 to 2016. The
biofuel production on a global scale is increasingly competing with food production. Between 2002 and 2004, about 2% of harvested
cereals were allocated to biofuels, and in 2016 it was almost 8%. For oil plants, this level reached 15%. Following a dynamic growth
in biofuel production between 2005 and 2010, the growth slowed down considerably - to the level of 7% annually for biodiesel and
4.6% annually for bioethanol production. For the years 2017-2025, a growth rate of about 1% per year is anticipated. The slowdown
in production growth is due to the reduction of political support for the development of the production of biofuels from first generation
raw materials. Their production leads to competition for land resources with food production, but it has also been found to be
characterized by relatively low environmental performance, including a low impact on the reduction of CO2 emissions. It is necessary
to develop the production of second generation biofuels which now account for only about 7% of the production of liquid biofuels.
Biofuels in Poland are produced from cereals and rapeseed oil. The production of biofuels in Poland increased from 180 million litres
in 2005 to 1.2 billion litres in 2015. 1.3% of arable land was used for bioethanol production and 3.5% for biodiesel production. Total
production of raw materials for biofuels was conducted on 5% of arable land in Poland. 2% of cereals and 60% of the rape crop were
consumed for the production of biofuels. Under Polish agriculture conditions, biofuels production does not compete with food
production yet.
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INTRODUCTION

The confusion caused by the shortage of certain raw materials and the doubling of prices of some raw food observed
in 2008 was a signal that the volume of food produced in the world may not be sufficient for the growing population of the
world. Among others, this was due to the observed slowdown in the growth of productivity in agriculture, but also due to the
growing demand in agricultural raw materials. Scenarios for the future predict that there will be an increase in competition
for land for the production of raw materials for bioenergy production. The intensity of this competition will depend on the
prices of fossil fuels, but also on the progress achieved in the scope of yielding of plants allocated to bioenergy production
and progress in biomass conversion technologies (Golebiewski and Pajak, 2016, Sands et al., 2017). The possibilities of
energy production from biomass are overestimated in many cases. Searle and Malins (2014) found that primary energy
production from biomass can reach 40-110 EJ per year in 2050, and taking into account the biomass from waste and forestry
it can be 60-120 EJ per year. Similar results were presented by the International Energy Agency (2011, 2012). This means
that production assumed in some scenarios of up to 600 EJ per year (Hoogwijk, 2005, 2009) cannot be achieved sustainably,
including without greater environmental pressure and greater competition with food production. Some of the studies on
bioenergy production have been based on political documents, and have assumed a linear growth in production over the long
term, which seems to be the cause of over-estimation.

The increase in agricultural production in the world in the years 1960-1990 was mainly due to the increase of
use production inputs per hectare. After 1990, the importance of increasing production intensity in achieving
agricultural production growth decreased to 15%, and the importance of technical progress (TFP measured) increased
to around 67% (Fuglie et al. 2012, Fuglie and Rada 2017); The total annual growth of agricultural production decreased
from almost 3% to 2-2.%. This means that estimations of biomass production in the future need to include less surplus
production. At the same time, about 18% of the world's population is not provided with food security, i.e. they have no
permanent access to sufficient quantity of food (Meade and Thome, 2017). In such a situation, the production of
biofuels from agricultural raw materials will lead to increased competition for land and other resources between food
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production and energy production (Danilowska, 2014, Novak at al., 2015, Wicki, 2017). One possible solution is to
reduce the consumption of first generation raw materials, i.e. those that are made from the same raw materials that are
used in food production. This shall allow avoiding competition for raw materials that emerges between biofuel
production and food production (Nelson, 2010).

Agricultural production must grow in order to provide food and fuel for the global population, which is becoming
both more numerous and richer. Due to increasing attention paid to climate changes and biodiversity loss, the production
growth must take place without taking up further areas not yet used in agriculture. One of the solutions is also the
widespread use of genetically modified crops as higher yields can be obtained even under severe pest pressure (Sexton
and Zilberman, 2012). Another direction is to make progress in the field of yield of the plants specially grown for energy
purposes (Searle, Malins 2015).

In the world's bioenergy production only 0.8% accounts for biofuels. They are, however, produced from first
generation raw materials, also used in food production. Chakravorty at al. (2009) pointed out that increasing the
consumption of biofuels would result in higher raw material prices and subsequently occupation of further arable areas
for the production, including the areas currently afforested. Similar conclusions are presented in many studies (Gilbert
and Muger, 2017, Kupczyk et al., 2017, Zoladkiewicz, 2016). Other results were obtained by Zhang at al. (2010) and
Ondrej at al. (2017) who showed in their studies that there is no significant correlation between maize prices (used in
bioethanol production) and oil prices. Bentivoglio, and Rasetti (2015), although they did not confirm the existence of a
link between the prices of biofuels and food prices, they do not exclude the existence of such dependence. Obadi and
Korcek (2014) pointed out that this change in prices for agricultural products was due to changes in oil prices due to the
impact on production costs. The assessment of the strength and direction of dependence is also impeded by the fact that,
for example, the US requires both minimum biofuel consumption and production limits (Gilbert and Muger, 2017). So
far, it can be said first and foremost that the development of biofuel production involves the occupation of larger areas of
agricultural land for their production, and that this can lead to a reduction in the potential of food production. The links
between the use of agricultural raw materials for the production of biofuels, the prices of fossil fuels and food prices are
still not fully explained.

In 2015, the production of liquid biofuels accounted for around 2.8% of world demand for transport fuels. The
installed power of biomass power plants was 88 GW and the average annual growth rate in 2004-2013 was 12%. Total
energy production from biomass for heat, electricity and transport was estimated at 60 EJ, with an average annual increase
0f20% (REN21, 2016). The share of bioenergy has been relatively constant since 2010, and amounted to 10% in spite of
the 24% increase in production.

The global production of biofuels was 133 billion litres in 2015. In 2004 it was only 33 billion litres. The main
fuel was ethanol with a 74% share in production, followed by biodiesel with 22%. The main producer of biofuels in the
world is the USA. In 2015, bioethanol production in the US was 56 billion litres and 30 billion litres in Brazil. The largest
producers in the production of biodiesel are USA, Brazil, Germany and Argentina. In 2015 it was produced 4.8 billion
litres in the United States, 3.9 billion litres in Brazil and 2.8 billion litres in Germany. 11.5 billion litres of biodiesel
(REN21,2016) were produced across the EU. Biodiesel production is strongly influenced by changes in fuel policy.
Particularly there are new restrictions in the EU resulting from the reduction of the consumption of biofuels from first
generation raw materials in transport to 7% (Directive, 2015). The observed annual production fluctuations also result
from production risk (Wicka 2013).

1.7 million People were employed in the global liquid biofuel production sector in 2015, i.e. 21% of the total of 8
million working in the renewable energy sector (REN21, 2016). Biofuel production also leads to the modernization of the
agribusiness structure (Wicki and Wicka 2016).

AIM AND METHODOLOGY

The aim of the study is to assess the dynamics of the growth of liquid biofuel production in the world and the
prospects for growth.

The following research tasks were carried out: 1) the volume and dynamics of liquid biofuel production in the
world have been determined; 2) the development prospects of the production have been determined, 3) the quantity and
share of biofuel production in the consumption of the main agricultural raw materials have been presented.

The analysis covered the period 2005-2016 and the forecast was made up to 2025.

The data used in the study came from FAO and OECD statistical databases and REN21 reports. Simple methods
of analysis were used in the development of the results, the dynamics and structure indicators were employed to describe
the time series. An exponential function was used in the assessment of growth dynamics in accordance with the formula
in MS Excel: ,,=In(indeks(regexpp(Xo:Xn);1;1))”.

RESULTS AND DISCUSION

Biofuels production

Liquid biofuels are produced as bioethanol and biodiesel. Small share falls to HVO (hydrogenated vegetable oil),
which is produced from some vegetable oils. In the years 2005-2016, total biofuel production in the world increased from
37 to 130 billion litres (fig. 1). Bioethanol production increased from 33 to 99 billion litres and biodiesel production from
4 to 31 billion litres. This represented an increase by 790% for biodiesel and 300% for bioethanol. Bioethanol was
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dominant in biofuel production. The share of biodiesel in 2004 was 11% and gradually increased to 23% in 2013. Since
then, this share has remained unchanged, mainly due to the slowdown in EU biodiesel production.

Changes in the volume of biofuels production were not uniform in time. Their dynamic growth was observed in
2005-2010. During this period, the Compound Annual Growth Rate (CAGR) of biodiesel production was 32%, and for
bioethanol it was 22%. After 2010, the growth rate of production has been considerably weakened. In 2011-2016, it was
only 7% per year for biodiesel and 4.6% per year for bioethanol production. A significant increase in production and
consumption of liquid biofuels is also not predicted in the following years. The annual growth rate of 1% for biodiesel
and 1.4% for bioethanol is forecasted for the years 2017-2025.

The production of biofuels is strongly geographically concentrated. As much as 88% of the world's bioethanol
production came from the US and Brazil. In biodiesel production, the EU occupies the first place, with 38% of world
production. The EU, together with four other producers, i.e. the USA, Brazil, Argentina and Indonesia, produces 80% of
the world's bioethanol production. Such high concentration means that political decisions on biofuels undertaken by the
three main producers are decisive for the production of biofuels in the world.

The presented production volume dynamics and forecasted changes for the next 10 years indicate that the growth
of biofuel production has been halted and no significant changes are anticipated. This is due to the change in the EU
policy on the use of biofuels in transport, but also due to the USA policy towards biofuels. The increase in the required
level of consumption of biofuels as an additive to transport fuels is not currently assumed there. In addition, it is necessary
to increase the consumption of second generation biofuels in the USA.
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Figure 1. World biofuels production in years 2005-2016 with projection to 2025

Raw materials used for the production of biofuels

Various agricultural raw materials are used for the production of liquid biofuels, with a number of them dominating.
For the production of bioethanol, corn is most consumed, followed by sugarcane. By-products, mainly molasses, but also
other wastes containing cellulose, are also used. Biodiesel is produced from a variety of vegetable oils, mainly from
soybean in South America and from rape in Europe and from food industry waste (fig. 2). It is anticipated that the use of
different types of waste (second generation raw materials) will be increasingly important in the production of biodiesel,
while at the same time reducing the consumption of first generation raw materials. In the years 2014-2016, about 24% of
biodiesel was produced from fat-containing waste. The share of bioethanol produced from cellulosic raw materials using
advanced processing methods is still low and is only 2%.
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In some countries, for example in Argentina or Brazil, but also in the EU even up to 30-80% of the total amount
of vegetable oil produced is consumed for the biofuel production. In practice, this means that agricultural production
depends on the demand for biofuels but not for food. Figure 3 shows the share of vegetable oil intended for biodiesel
production in selected countries. The greatest share of oil for biodiesel is allocated in Argentina where it is almost 80%,
while in the EU the average is around 50%. It follows that in many countries the area of land occupied by crops used for
the production of biofuels has a significant share in the total area of agricultural land. It is estimated that around 5% of
the world's arable land is used for energy production (Infiniti, 2015: 19). A further increase in the area where raw materials
for biofuel production are produced may lead to reduced food production unless further increase in productivity in
agriculture takes place.
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Source: own elaboration based on OECD-FAO Agricultural Outlook 2010-2019.
Figure 3. Share of vegetable oil used for biodiesel production

Significant quantities of raw materials belonging to the first generation are appropriated for the production of
biofuels. In case of sugarcane it is as much as 20%. Over 10% of oil plant products and maize are allocated to biofuels
in the world (fig. 4). In quantitative terms, this means that 20 million tons of oil is spent annually on biodiesel
production. This is equivalent of the production from approximately 17 million hectares. As much as 143 million tons
of maize is also used to produce bioethanol. With a yield of 8 tons per hectare, about 20 million hectares should be
allocated to production. Sugar cane and sugar beet destined for the production of bioethanol occupy about 6 million
hectares. Annual production of biofuels consumes 20 million tons of vegetable oils, 6 million tons of wheat, 145 million
tons of maize and other fodder crops, and about 360 million tons of sugar cane and sugar beet. These raw materials do
not go to food production.
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Source: own elaboration based on OECD-FAO Agricultural Outlook 2015.
Figure 4. Share of production used for biofuels production

Production of liquid biofuels in Poland

Liquid biofuels in Poland are produced from rapeseed oil and bioethanol produced mainly from cereals. In 2015,
about 930 thousand tons of biodiesel and 174 thousand tons of ethanol were produced. Since 2010, biodiesel production
has more than doubled, from 380,000 tons, and ethanol production by 15% from 150 thousand tons (fig. 5). The total
production of liquid biofuels is about 1 billion litres. The observed annual changes are due to the interchangeability of
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rapeseed yield, which in Poland sometimes is frozen during winter. The production of raw materials for biofuels is carried
out at approximately 510 thousand hectares of land, namely at about 5% of arable land. In 2005-2007 it was only 1%.
More than 70% of rape produced and about 2% of cereals are used for the production of biofuels. This means that rape
production in Poland is mostly allocated for biofuels and not for food production. The observed rapid growth was due to
the implementation of EU policy on the production and consumption of renewable fuels in the economy, including
transport. 2% of cereals production and 60% of rape production was allocated for biofuel production in Poland. Growing
of rape for biofuels was subsidized within measures of Common Agricultural Policy, which resulted in a rapid increase
in production. In the context of relative overproduction of raw materials in relation to food needs, the production of
biofuels does not result in restrictions on food production.
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Figure 5. Area dedicated for production of crops for biofuels production in Poland

CONCLUSION

Liquid biofuels are the main renewable fuel suitable for use in transport. Despite the policy of supporting their production
implemented in the EU and US, their share in global fuel consumption is only 2.8%. This is due to the weakening of support
for the development of first generation biofuels as a result of the controversy connected with biofuel production and food
production competing for land resources, but also because the first generation biofuels have shown little contribution to reducing
CO, emissions due to the need to bear high costs of fossil fuels, mineral fertilizers and plant protection products for their
production. Hence, the mandatory share of biofuels in transport fuels is reduced from 10 to 7% in the EU.

World biofuel production grew rapidly in 2005-2010 to around 106 billion litres. In subsequent years, the growth
rate has slowed to around 5-7% per year and in 2016 about 130 billion litres of biofuels were produced, 74% of which
was bioethanol. In subsequent years a further growth slowdown is anticipated, to about 1% per year.

There is no empirical confirmation of the findings concerning the impact of biofuel production on food prices.
Available analyses point to the co-variability of prices for fossil fuels and biofuels, with fossil fuel prices being the source
of change. This situation is due to sufficient food production in the world, despite their unequal distribution and the
presence of countries with food shortages.

In the structure of the raw material used for the production of biofuels the raw materials of first generation still
dominate. As regards the production of biodiesel about 25% of this biofuel is produced from second generation raw
materials, and it is only 2% in the production of bioethanol. Biodiesel is produced mainly from soybean oil in the
Americas, from rapeseed in Europe and from palm oil in South Asia.

The growth of biofuels production in the world has slowed considerably. It should be assumed that without additional
incentives outside the sector, this will not change. The amount of liquid biofuels currently being produced ensures that the
minimum biofuel share in the fuels consumed in transport in the EU and US is met. Further development of production is
limited also by relatively low oil prices, which makes it difficult to obtain the economic efficiency of new installations. The
change of the policy of states towards first generation biofuels, whose production competes with food production, and does
not produce the desired environmental effects due to its low efficiency in reducing CO, emissions is also of great importance.
The production of second generation biofuels is still of little importance.

The development of liquid biofuels production in the world slowed down after 2010 due to the gradual saturation
of the EU and US market, as well as findings on the competition with food production and lower than expected positive
environmental impacts. At present, biofuels production is strongly competing with other agricultural production at the
areas of production. Even up to 40-70% of the total amount of rapeseed or soybean produced in the given country are
allocated to biofuels. It is anticipated that the level of biofuels production from first generation raw materials will not
increase but that second generation biofuels will play an increasingly important role, however, depending on the
development of the processing technology and its economic effectiveness on a commercial scale.
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