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Sustainable Energy Crop Production in Poland: Perspectives

Abstract

In the context of achieving the targets of the energy economy, Poland’s
demand for bioenergy is stimulated by several factors, including the biomass
potential of agricultural cultivation. The objective of this article is to indicate
perspectives for the sustainable production of energy crops in Poland through
the production of total biomass as the main renewable source of energy utilized
in the countries of Europe and supported by Directive 2009/28/EC of the
European Parliament and of the Council of April 23, 2009 on the Promotion of
the Use of Energy from Renewable Sources, currently in force. The most
important reasons for promoting the production of plant biomass for energy
purposes is the desire to work against climate change and reduce the emission
of greenhouse gasses. This article indicates the significant role of Life Cycle
Assessment (LCA) in biofuels and their production. Note is also taken of agro—
climatic and soil conditions for the production of biomass in Poland as well as
the economic aspects using the Agricultural Production Space Valuation Ratio
(APSVR).
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1. Introduction

With the growth of an awareness of threats flowfitogn overexploitation
and the ignoring of global climate change, govemmsiecompanies, and the
public have started to work together to implemdmd toncept of sustainable
development. Scientific research institutes haveeghaccess to funds for the
development of new green technologies, while congsahave started to use
them happily, simultaneously creating their ownoweative solutions. Green
business is not limited exclusively to increasing share of renewable energy in
total production, which was set out centrally ire ttmember states of the
European Union, but also influences the types diviies undertaken by
companies in just about all branches of the econdnyironmentally—friendly
management allows countries and their citizensraovenefits in the form of
healthier, less energy-using cities, clean air,ewatand soil, and better
management of space and waste. Factors such ageclamange, globalization,
and urbanization put new challenges before Europletlae World. Responsible
management of energy, water, and waste has becameeessity. In order to
guarantee an appropriate living standard and gengnafits in the face of
ongoing climate changes, businesses must make efangexisting products
and technologies as well as create and develop letehp new technologies.
Legal regulations and preferential treatment faregr technologies as well as
growing prices and shrinking stocks of conventiswlrces of energy and raw
materials stimulate the development of environmbriiendly markets, the
generation and storage of energy, energy efficienayw material efficiency,
waste management and recycling, sustainable waser and sustainable
transportation. It is possible that energy gendragng renewable sources may
replace the energy potential produced using cormeglt raw materials and, in
the long run, even atomic energy, assuming no mewalutionary changes occur
in this field (such as cold fusion, for example). i$ projected that the
development of biofuels of the second (producedgubgnocellulosic biomass)
and third (produced using algae) generation as agefprogress in photovoltaic
and hydrogen technologies will completely transfoha face of the automobile
industry and, in a somewhat more distant future a¥ation industry. However,
before this takes place, a lot of attention wilhtioue to be concentrated on the
improvement of technologies based on fossil fuetgpecially in the realm of
improved turbine and engine efficiency as welleductions in GHGs other than
CG; in the face of the present energy situation. Imyneountries, this process
will most probably slow the dissemination of renbleaenergy above levels as
required by legislation. It is for this reason ttfa development of energy using
renewable sources will be influenced by policiegtanstate level as well as the
involvement of international organizations. Creatas favorable conditions and



Sisable Energy Crop Production... 59

rewarding entities investing in green technologgestated first by companies
from all sectors of the economy as a factor stitimgaprogress in this field
(Henzelmann et al., 2011, pp. 7-25).

2. Biomass production

Biomass is the source of 10% of world energy comgion. The
remaining 90% produced using fossil fuels (80%)drbpower (2%), atomic
energy (6%), and solar energy (2%). The share efggnderived from biomass
varies significantly depending on the part of therld. OECD nations account
for a mere 3.9%. The figure for developing natiis48.8%, while the sub—
Saharan region of Africa accounts for 61.5% (Golderg 2011, p. 3).

Biomass encompasses an extremely broad scope ohat@rials such as
forest products (wood, logging residues, treesulshrand wood residues,
sawdust, bark, etc.), biorenewable wastes (agu@lltwastes, crop residues,
mill wood wastes, urban wood wastes, urban orgarastes), energy crops
(short rotation woody crops, herbaceous woody ¢rgpasses, starch crops,
sugar crops, forage crops, oilseed crops), aquedicts (algae, water weed,
water hyacinth, reed and rushes), food crops (graiil crops), sugar crops
(sugar cane, sugar beets, molasses sorghum),llamdfiistrial organic wastes,
algae, kelps, lichens, and mosses (Demirbas 2@0%5-56).

Growth in the share of energy derived from biomasgelatively slow
because there are still a large number of unknotinstly, there is the problem
of stability of supplies and levels of biomass rese are insufficient to satisfy
energy and heat production needs. Secondly, bti&kmown if the utilization of
biomass is economically viable at current and ®ufossil fuel prices, especially
assuming no system of subsidies. The present faggwth of biomass share is
insufficient to satisfy requirements set for thewty@020. Achieving a level of
energy and heat utilization using biomass of 1,88h annun as established
by the European Commission necessitates the dglieér biomass with
a primary energy of between 1,850 and 3,400 TWpendding on method of
use. Such a level may prove very difficult at ttiee due to an insufficiently
attractive biomass value chain in the case of moosintries and methods of
utilization. Uncertainty on the part of companiésrest owners, and farmers
with respect to the energy use of biomass in therduis hampering long—term
investments. Without intensified action a paradalkgituation may emerge in
which in spite of a lowering of biomass productmosts, its price will go up as
a result of growing demand caused by the costs@f €@nissions and green
certificates as well as insufficient supply. Thiayrhave a negative impact on
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the paper industry. Thus, what is necessary isdddcand quick action if the
European Union wants to take advantage of its rialebiomass production
potential. In spite of the fact that biomass is ti&in renewable energy source
utilized in Europe (Table No. 1) and the countradsthe European Union
consume 41.5% of the world’s energy from renewalolerces (Table No. 2),
there is still a significant shortfall to achievisgt targets and especially the
whole of its bioenergy potential.

The most significant reason for promoting the prtisin of biomass for
energy purposes is the desire to work against tdin@hange. A popular
argument for absolutely vital action provides agalo that says that production
and energy utilizing biomass is neutral in termscafbon dioxide emissions.
This supposition is not completely true as the potidon of energy plants is tied
with the direct and indirect emission of greenhogasses. This involves the
burning of fuels during cultivation and transpadat as well as in the
production of fertilizer and plant protection cheais. Additionally, the use of
nitrogen fertilizer and post—harvest remnants sgezertain amounts of nitrous
oxide whose role in creating a global warming pogn(GWP) is 298 time
greater than that of carbon dioxide. According tautgen et al. (2008), the
production of first generation liquid fuels usingreals and rape may result in
climate warming. It is only bioethanol made of sugane that may bring about
a decrease in the greenhouse effect.

The basic assumptions behind the certificationesydor sustainability of
the first generation biomass production chain ae with the transposition of
the guidelines of the European Commission as awedain the directives of the
European Parliament and Council. Of significancehis fact that Directive
2009/28/EC encumbers fuel suppliers with an ohligato reduce the emission
of greenhouse gasses derived from the fuel ovantise life cycle. This means
including its production in the refinery, durin@msportation, and subsequently
during combustion in engines. In its turn, Direeti2009/30/EC of April 23,
2009 (modifying Directive 98/70/EC) applies to das® and Diesel fuel
specifications and also introduces mechanism fonitoong and limiting the
emission of greenhouse gasses. Application ofclfde assessment (LCA) for
biofuels and their production allows for a fullerssassment of their
environmental impact. Analysis of their life cyc{@CA) is an evaluation
method encompassing the complete production anduptause chain. In the
case of biofuels it encompasses the productionepfoductive material, the
establishing of plantations, cultivation, harvegtitransportation, the building
and use of systems for processing biomass, allwtheto the management of
wastes generated in the production of energy. Ratgo the PN-EN ISO 14040
standard, life cycle assessment may be used to:
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* |dentify environmental threats occurring in the hieclogical line of the
given products, during various stages of its lifele,

» Select significant indicators for assessing theea@$f of activities on the
environment, including measurement techniques,

Undertake decisions in

industry,

government

Orgatioms,

an

d

nongovernmental organizations (strategies, presjtiand process design,
inclusive of proposed changes in this regard), and

Undertake marketing actions in the area of enviema assessment,

product environmental declarations, descriptionthefprocesses that are the
subject of licenses, etc., where due to the contgleaf questions of

environmental management,

their

solutions

usuallgquires

th

e

collaboration of interdisciplinary teams, where sajistem components—
economic, legal, technical, and related to the naaenvironment—must be
taken into account in order to develop the propépa strategy.

Zah et al. (2007) applied a modified LCA methodheir wide—ranging
research into biofuel. They state that most bigfuek characterized by a more
negative impact on the environment than gasolindy ®thanol made of sugar
cane and sugar beets, biodiesel made using speanhdibiofuels made of wood
had a more favorable impact on the environment tiasoline. The results of
that analysis stress the importance of the devedoprof second generation
biofuels made of lignocellulosic biomass (Faber&00

Table 1. Primary production of renewable energy: 199 and 2009

Primary
production Share of total, 2009 (%)
(1,000 tod)
1099 | 2009 Solar | Biomass| Geothermal| Hydropower| Wind
energy |and waste energy energy energy

EU—27 92,674 148,43y 1.7 67.7 3.9 19.0 7.7
Euro area 62,2611104,794 2.2 64.4 54 18.7 9.2
Belgium 498 1,661 1.5 914 0.2 1.7 5.2
Bulgaria 665 1,129 — 68.9 29 26.4 1.8
Czech Republic 1,409 2,598 0.5 90.b — 8.1 1p
Denmark 1,619 2,754 0.5 78.0 0.4 0.1 210
Germany 8,069 27,69p 35 77.0 1.7 5.8 12|0
Estonia 526 864 — 97.7 — 0.3 2.0

! Tons of oil equivalent
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Ireland 222 614 0.7 453 — 12.7 414
Greece 1,419 1,804 104 51.2 1.2 25.1 12
Spain 6,031| 11,90% 5.7 47.9 0.1 19.0 2713
France 16,528 19,567 0.3 70.2 0.6 25.1 35
Italy 9,401 | 14,744 1.0 34.0 32.6 28.7 3.9
Cyprus 44 75 77.3 21.3 — — —
Latvia 1,571| 2,089 — 85.6 — 14.2 0.2
Lithuania 656 992 — 94.5 0.5 3.6 1.4
Luxembourg 35 80 2.5 80.0 — 11.3 6.3
Hungary 843 1,851 0.3 92.0 5.2 1.1 1.
Malta 0 0 — —
Netherlands 1,210 2,76 0.9 84.4 0.1 0.3 14
Austria 6,675| 8,352 1.5 54.6 0.4 41.5 2.(
Poland 3,757| 6,031 0.0 94.8 0.2 34 1.
Portugal 3,342 4,747 1.1 66.4 3.7 15.0 13}7
Romania 4,400 5,279 — 74.2 0.5 25.3 0.9
Slovenia 551 863 — 53.1 — 46.9 —
Slovakia 458 | 1,223 — 68.5 0.7 30.7 0.1
Finland 7,256 7,833 0.0 85.8 — 13.9 0.3
Sweden 13,359 15,819 0.1 62.8 — 35.8 14
United Kingdom | 2,133 5,107 1.4 74.1 0.0 8.9 157
Norway 11,872 12,116 — 9.7 — 89.6 0.7
Switzerland 4,693  4,76( 0.9 30.1 4.4 64.5 0.p
Croatia 900 | 1,030 0.5 42.6 0.3 56.2 0.1
Turkey 10,701 9,909 4.3 46.8 16.4 31.2 1.3

Source: Eurostat.
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Table 2. Consumption of renewable enerdyin member states of the European Union and the
United States (2001-2011)

21 81 813181 81681883832 e |5 =
S| S| || ||| Q||| 8] 382 |
N9 |825
58 (@28
million tonnes of oil equivaleft Sg |88
05 |&8 g
Austrie 0404|007 08| 12|14 14]14]|15]1€6] 820 | 08¢
Belgium 04| 04| 04 o058 06 08 09 11 15 16 Pp127 1,10
Bulgaria - - - x| x| | | * |oa]o02]| 03] 18| 0109
Czech 01| 01| 01| 02/ 02 02 0B o4 o5 47 11 6090,600
Republic
Denmark 13| 16 18 22 2p 21 24 243 23 ps8 PpBe140| 1,80
Finland 19| 2| 21 24 22 25 28 2 > 45 $6 01,7 1,30
France 07/ 08 09 1| 11 14 1o 23 28 3.4 kh369®| 2,20
Germany 36| 5| 624 82 96 11252|164|16,9|189|232| 22,90 | 11,90
Greece 02/ 024 03 08 0B o4 a5 06 06 p7 logo70| 050
Hungary *| «| * 02| 04| 03/ 03 08 06 0p Off 340 030
Ireland 01| 01| 01 02 03 ou o5 o6 47 07 kB30 | 050
ltaly 19| 22| 26| 29 31 35 38 41 46 H8 17218 | 400
Lithuania * |« |« |« |« | | » |* |01 |01 |01]| 6710| 0,10
Netherlands| 07 09 0% 12 17 18 17 21 pa [257| 840 | 140
Poland 01| 01 01 02 o# o5 07 1 14 18 b2 ome 1,20
Portugal 04| o5 o9 06 08 11 14 18 23 Ppssp 210 | 150
Romania < o<l < < < | x| x| * |* |01]02] 22650 0,10
Slovakia * |« | * | * | *|=* |o1]o1|o01| 01| 01 18| 014
Spain 2| 29| 36/ 44 56 62 72 87 1pm5|127| 150 | 650
Sweden 1| 14 134 2| 21 28 27 B3 31 35 hi 1sls@10
UK 12 |14 | 1,7| 21| 27| 31 33 37 45 5| 66 3230340
EU 16,2 | 19,6 | 23,2 | 29,2 | 34,5 | 39, | 46,7 | 52,7 | 58,6 | 68,1 | 80,¢ | 18,9C | 41,5
USA 16,8| 18,7 188 19,6 20/6 22,7 247 2p5 33693853|1640 | 23,20

Source: based on BP Statistical Review of World nedune 2012, bp.com/statisticalreview,
p. 38.

2 Based on gross generation from renewable sournekjding wind, geothermal, solar,
biomass, and waste, and not accounting for crosdebelectricity supply.

3 Converted on the basis of thermal equivalence &assuB8% conversion efficiency in
a modern thermal power station.

* L ess than 0,05.
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3. Biomass production climate and soil conditionsii Poland

A breakthrough took place over recent years in dieselopment of
information technology and its application in arzithg phenomena of spatial
character. Methods and instruments created or edlaptPoland as a result of
work on the Integrated Spatial Information Systemn Agricultural Production
(ISISAP) may be operationally used to assess ragidhifferentiation in
agricultural production conditions, simultaneougigplacing the traditional
descriptive expert reports with more accurate dtaive analysis based on
continuous monitoring as well as analysis of updiaiabases and continuously
improved methods for modeling and making projediofiKrasowicz and
Kopinski 2009).

Each year, only a small part of devastated andadiegr areas of Poland
are subject to efforts aimed at their recultivatiand redevelopment for
agricultural functions. For all practical purposssch actions are not undertaken
in the Voivodeship of Lad Areas requiring recultivation are forested. Begri
in mind the fact that a total of 2,935 ha of adtual land (192 ha in the
Voivodeship of £6d) as well as 551 ha of forests (215 ha in the Vdéship of
L6dz) were released for mining operations and housstgte sites in Poland in
the year 2010, the intensification of actions airaedeturning degraded areas to
agriculture is justified. Analysis of the soil gring quality grade structure of
land withdrawn in 2010 shows that most is clasdiférade IV (789 ha), which
is appropriate for energy crops, and Grades 1-982( ha), which is for food
production. Only 111 ha were classified as Grades\W¥ VI, where agricultural
use is very limited. Also worth noting is the systgic decrease of fallow and
set—aside land in Poland from approximately 11.9%t@l arable land in 2000
to 3.8% in 2008. The year 2009 saw a slight in@déashese areas to 4.1%. The
largest percentage share of fallow and set-aside kelongs to the public
sector. In the year 2009 it amounted to 65,500C%Q, 2011a). According to
the Central Statistical Office (GUS), Poland hasnsa continuous tendency of
a decrease in arable land area and an increaseest fareas since 1938. Over
the years 1990-2009 this was -7% and +1.7%, raspBgtof Poland’s surface
area. In 2011 the area of arable land decrease® 0 ha as compared with
the year 2010, while the forest use area increbg&9,000 ha.

The Agricultural Production Space Valuation Rati@aymbe used as
a measure of the production potential of a habitiights assigned in assessing
individual factors are mirrored in their rank inaging harvest levels. Soil
conditions are of greatest importance in valuatiggcultural production space
(approximately 70% of observable harvest variabilit 18-95 points). The
influence of the remaining factors is significantigwer and accounts for
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approximately 30% (lgras and Lfgiki 2006). The share of the climate factor
(agro—climate) is in the 1-15 point range. Theu@fice of water conditions
rates 1-5 points, while landform can receive 0.petts. Variations in the
natural production potential on a national scalemst from spatial soil
differentiation, landform, precipitation, and temgerre. The value of the
valuation indicator is contained in the range fr8tnpoints for habitants least
useful for agriculture to 120 points for the beabitats with optimum conditions
for plant growth. The average Agricultural ProdaotSpace Valuation Ratio for
Poland amounts to 66.6 points (Table No. 3). Theafgst restrictions in the
development of plant production occur in areas \withindicator value of less
than 52 points. The largest concentrations of landittle usefulness for
agriculture are found in the Podlaskie (the lowesiue for Poland at 55.0
points), Mazowieckie, and Pomorskie voivodeshigsa@ and Lipiski 2006).

Table 3. Partial and overall agricultural production space valuation ratio by voivodeship

Valuation indicator Total

Quality and Agricultural
Voivoidships usefulness Agricultural Water Production

of . Landform - Space

agricultural climate conditions Valuation

soils Ratio

Dolnaslgskie 56.9 10.4 3.8 3.8 74.9
Kujawsko—pomorskie 54.4 9.2 4.0 3.4 71.0
Lubelskie 55.8 10.6 4.0 3.8 74.1
Lubuskie 43.6 11.6 4.3 2.7 62.3
todzkie 43.2 11.5 4.4 2.8 61.9
Matopolskie 53.6 9.3 2.4 4.0 69.3
Mazowieckie 43.1 9.7 41 3.0 59.9
Opolskie 60.5 134 4.1 3.6 81.6
Podkarpackie 52.7 10.7 3.0 4.0 70.4
Podlaskie 41.0 7.5 3.7 2.8 55.0
Pomorskie 50.6 8.5 3.7 3.4 66.2
Slaskie 46.8 11.2 3.6 2.6 64.2
Swictokrzyskie 52.2 10.6 3.1 3.5 69.3
Warminsko—mazurskie 51.1 8.1 3.4 3.4 66.0
Wielkopolskie 46.4 11.2 4.4 2.8 64.8
Zachodniopomorskie 50.0 9.8 4.0 3.6 67.5
Poland 49.5 9.9 3.9 3.3 66.6

Source: based on Igras and lagki, 2006.




66 Agata Pszczo6tkowska et al.

4. Plant Cultivation Conditions in Poland

Natural conditions for plant production in Polamd &orse in comparison
with other European countries (Kukula and Igras4300he reason for this is
the dominance of light soils of low natural fetili insufficient precipitation,
and a relatively short growing season.

4.1.Soil

The share of very light and light soils in Polasdapproximately 60%.
Most of the soils are strongly or moderately aciditd demonstrate a low
content of basic nutrient components. Changes amtpproduction structure
have a significant impact on soil fertility, whicletermines both the volume and
intensity of agricultural production in a direct ywaAmong aspects defining the
fertility of the soil, the most important are atydi organic matter content,
nitrogen mineral form, and abundance of macro—raizdo—elements (Igras and
Lipinski 2006).

4.2. Soil Acidity (pH)

From an agricultural point of view, it is the negat effects of the
acidifying of the soil that are extremely importat low pH lowers the
assimilability of nutrient components, especiallyopphorus, magnesium, and
molybdenum. At the same time, it increases the litploif components such as
aluminum and heavy metals. The accumulation of yheaaetals in the soil,
especially cadmium and lead, may lead to their &sige concentration in
plants. A high content of these metals disqualifists for consumption. The
acidity structure of soils in Poland is presentedable No. 4. The worsening of
the acidity of the soil is a phenomenon that isgpeesing as a result of the
insufficient application of CaO in cultivation (g and Lipiski 2006). The use
of lime fertilizers in Poland fell from approximéel,693,900 tons (95.1 kg fha
UR) in the year 1999 to 591,400 tons (38.1 kg.1h&§ UR) in the year 2010.
The lowest use per hectare of agricultural landucgdn theSwictokrzyskie,
Matopolskie, Podkarpackie, and Podlaskie voivodeshirhe highest use of
102.8 kg h# is found in the Voivodeship of Opole (CSO, 201TH)e solving
of the problem of soil acidification and the impeowent of its acidity should be
a priority of state policy in the area of agricuétu
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Table 4. Structure of soil acidity in Poland in 20062010

Soil acidity (%)

Very Acidic Slightly Neutral Alkaline

Voivoidships acidic pH 4.6 — acidic pH 6.6 — pH>7.2
pH <45 5.5 pH 5.6 — 7.2
6.5

Poland 18 29 30 15 8
Dolnoslaskie 12 28 38 15 7
Kujawsko-pomorskie 8 20 30 25 17
Lubelskie 22 28 23 15 12
Lubuskie 13 35 36 11 5
todzkie 33 34 21 9 3
Matopolskie 26 28 22 15 9
Mazowieckie 30 32 22 12 4
Opolskie 5 19 50 21 5
Podkarpackie 33 32 21 11 3
Podlaskie 26 34 23 13 4
Pomorskie 15 37 30 14 4
Slaskie 11 25 40 18 6
Swigtokrzyskie 20 22 22 19 17
Warminsko-mazurskie 16 33 30 17 4
Wielkopolskie 15 26 33 15 11
Zachodniopomorskie 14 31 31 15 9

Source: based oEnvironment Dariusz Bochenek (Editor), CSO, Regional and Enviremtal
Surveys Division, Warsaw, 2011.

4.3. Nitrogen

The mineral nitrogen content in the soil is oneghaf defining elements of
soil fertility. Its quantity is dependent on manwgonmental factors such as the
type, forecrop, species of cultivated plant, angdlied dosages of nitrogen and
natural fertilizers as well as the granulometriél somposition. The use of
nitrogen fertilizer increased from 48.4 to 66.3Hdj] over the years 1999-2010
(CSO, 2011b). Analysis of the regional differentint of mineral nitrogen
content in Polish soils shows that the lowest aantecharacteristic of the soils
of eastern and southeastern Poland, but primd@ysoils of the Pomorskie and
Warminsko—Mazurskie voivodeships. On the other handsttils of theSlaskie
and Dolndlgskie voivodeships have the greatest abundanceisottimponent



68 Agata Pszczo6tkowska et al.

(Igras and Lipiski 2006). Permanent plantations of energy crops ar
characterized by significantly greater efficienay hnitrogen utilization as
compared with traditional crops. The increasedcifficy of nitrogen uptake
decreases the leaching away of nitrates. Followaggtation, many species of
energy plants withdrawn large quantities of micemd macro—elements into
their roots. Thanks to this they are not removetth Wie biomass harvest (Faber
2008).

4.4. Organic Matter

The quantity of organic matter in the soil is aibasdicator of its quality.
It defines its physical and chemical propertiesg8on and buffering capacity)
and the processes of biological change that is itapbto the functioning of the
habitat (biological activity). High humus contentthe soil is a factor stabilizing
its structure, decreasing susceptibility to comipgctas well as degradation
resulting from water and wind erosion. The maintexeaof soil humus resources
is also important from the point of view of the gsesgtering of carbon dioxide
from the atmosphere. Intensive use of the soil lopagulture destroys the soil
structure, and leads to excessive aeration of &tahis well as the mineralization
of humus, thus freeing large amounts of carbonid®xnto the atmosphere.
CO, emissions from the soil are a significant parttiog total balance of
emissions from various sectors of the economy.hln ¢ultivation of energy
crops, a certain quantity of carbon assimilateplants finds its way into the
soil with falling leaves and dying roots. Over 8@%4his quantity is transformed
into CO, as a part of the soil respiration process, while temainder is
sequestered as a result of gradual transformatitm humus. Growth in the
carbon content of the soils of such plantations astindirectly improve the
texture, water capacity, and fertility of the sdihis process is dependent on
climate conditions, the granulometric makeup of $bé, and its initial humus
content (Jug et al. 1999). The quantity of sequedtearbon in the soil in the
case of energy plant cultivations is of importamaéh respect to the overall
carbon balance and therefore the greenhouse gasiembalance. It is assumed
in LCA analyses that the emission of greenhousegyas the cultivation of
willow and miscanthus is significantly lower tham the case of cultivation of
rape, green areas, and wheat (Clair et al. 2008rF2008). The natural variety
in humus content in soils is determined by factoctuding granularity, location
in the terrain, and water relations. Among anthggpoc factors, the organic
matter content of the soil is most influenced bydlause (i.e. agriculture,
meadow, forest), intensity of cultivation, selentiof cultivated plants, and level
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of natural and organic fertilization. Changes ia ttontent of organic matter in
soils are coupled with two opposed processes—nlinatian and deposition.
The process of mineralization leads to a lowerihgrganic content in the soil.
The process of deposition results in an increaskuimus content due to the
continuous adding of organic matter from sourcef |1 post—harvest remnants
and natural and organic fertilization (Stufigki et al. 2007). Loss of humus is
an important indicator of worsening habitat comfis and soil fertility. Growth
in the area of agricultural land used exclusively lant production in farms
lacking any animal husbandry, thus deprived of tleural and organic
fertilization that are significant elements shapéog humus resources, has been
taking place in certain regions of the countryte case of perennial energy
plant plantations, sewage sludge may serve as ecesaf organic matter
fertilization, which is simultaneously a way foisiutilization. The average
content of soil humus in Poland is 2.2%. In linghwinternational criteria,
humus content below 3.5% is considered a symptohesértification. Taking
such an approach, 89% of the surface area of Pelagpliculturally useable
soils should be classed as soils of low organidenabntent and be considered
threatened by drought. Obviously, this is a coneage of the specifics of
Polish soils. They have a large share of soils é&mtritom sands and light soils
of low water capacity, which in a natural way deteres conditions of humus
accumulation. Studies indicate the existence dfang trend of humus content
loss, mainly in soils originally rich in organic tter, linked with changes in soail
water relations, more intensive use, and drain&gecgyiski et al. 2007).

4.5. Soil Compaction

The increase in mechanized work in the field duripgwing and
harvesting agricultural products often leads toesgive compaction of the soil
in both the tilled layer and the subsoil, espegiadl highly developed countries.
Heavy machines and tractors moving over the fialdsise the excessive
compaction of soil layers, even up to a depth 6%m. Excessive compaction
impedes penetration of the soil by the roots ofivatled plants that, subject to
such unfavorable conditions, have limited accesswaier and nutrients.
Moreover, pore size decreases, the percentagerefquuface area filled with
water at field capacity increases, and the tempeyabf the soil falls. This
influences the activity of soil organisms by desieg the indicator of organic
substance decomposition and the freeing of nutdentponents for plants. Soil
compaction results in lower infiltration, which v#s in an increase in surface
off—flow and the creation of stagnant ponds withdwatinage. The susceptibility
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of soils to compaction is dependent on soil watertent at the moment of the
operation. Soil containing less water is more tasisto compaction than soil
that is humid or wet. The soils in Poland demonstsignificant diversity in
susceptibility to compression, which is due to afiénces in granulometric
makeup and organic matter content. The total swibse area highly vulnerable
to compaction resulting from improper cultivatiechniques due to equipment
with excessive loads and subject to conditionsxeéssive moisture amounts to
approximately 2.6 million ha, which is approximastdl5% of agricultural land
use. The soil cover of the Doléigskie (41.2%), Matopolskie (40.5%), Opolskie
(34%), and Podkarpackie (33.6%) voivodeships isadtarized by a large share
of soils susceptible to compaction (Stutslyi et al. 2007). Excessively moist
cohesive alluvial soils as found in river valleysyde particularly unfavorable
conditions for cultivation during periods of culivon work. The effects of
compaction on these soils is long—term and diftitureverse.

4.6. Soil Erosion

Water erosion is a significant threat to soil qualirhe level of threat of
soil erosion through surface water is dependentthen slope of the land,
susceptibility of the soil to washing away, and linel of annual precipitation.
In order to decrease the still rather high curtbneat of erosion by surface
water it is necessary to apply erosion—preventargl limprovements in areas
where it is present. This includes the transforamatf agricultural land use into
protective land use. This applies to over 2.2 omllha, where approximately
500,000 ha are very strongly threatened by watesi@en. Assuming the
continued withdrawing of areas from arable landiamor of forestation, tree
planting, and other agricultural uses (energy cpbgntation, orchards, and
permanent green areas) with soil-protective funsti@a decrease in the range
and intensiveness of both water and wind erosionulgsh be expected
(Stuczyiski et al. 2007). In the case of Poland, 27.6%goicalturally used soils
are threatened by wind erosion, where the figurewater erosion is 28.5%.
This factor is worth considering in selecting spsodf perennial energy plants.
The common osierSalix viminali3, switchgrass Ranicum virgatur) black
locust Robinia pseudoacacjaand multiflora roseRosa multiflora are species
used in fighting erosion processes. They bring tib®mudecrease in the
susceptibility of the soil to washing away by reiing it with their root
systems, absorbing the energy of raindrops, holdipgrt of the precipitation in
above—grade organs, and decreasing the velocisatdr flow by increasing the
roughness of the land surface ¢§férek 2008). Soil drought and the global trend
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for increased average monthly temperatures may tieaal drying of the soil

below its average natural moisture content. As asequence, this may
significantly increase the range and intensity @ftew erosion on arable land
(Stuczyiski et al. 2007).

4.7. The Occurrence of Trace Elements

Information regarding the state of agricultural seé pollution by heavy
metals in Poland is based on the results of broadies on the chemistry of
Polish soils conducted over the years 1992-199&r @%% of the soil in Poland
is found to contain copper, nickel, and lead onasural background level
(O degree) or at a slightly higher level (I degrde)line with approved criteria,
such soils are considered uncontaminated. Withesio cadmium and zinc,
this share amounts to over 98%. A total of 21.5%nefagricultural soil of the
Slaskie Voivodeship is contaminated with cadmium ie thto V degree range,
where 4% are soils that are strongly or very stiypngntaminated. There is also
lead and zinc pollution. This fact is tied with tbperation of zinc and lead ore
mining and processing (emission of particulate emptand the occurrence of
ore—bearing rock outcrops on the surface. Highetalmeontent on a level
exceeding boundary values also occurs locally m gbils of other regions
historically burdened with the effects of metal aréning and processing
(Gtogbw, Lubin, Chrzanow, Olkusz). On the basidh& above data as well as
legal regulations currently in effect in Polandmiaty be stated that over 99% of
the surface area of agricultural land, on a natisnale, meets criteria for metal
content as required for agricultural soils. In mangas, in spite of a low level of
trace metal content in the soil, an exceeding wwalble amounts has been
noted in plants. Cadmium accumulation in plantsictviis most frequent, is
primarily linked to the strong acidification of theil, which is responsible for
its high bio—accessibility. This indicates a needtake into account soil
properties in developing criteria for assessingamgollution (Stuczyski et al.
2007).

4.8. Agro—Climatic Conditions

To a great extent, the worsening of the climatidewdalance in the
growing season and the increasingly frequent oeooce of deficits of
precipitation shape the production potential of iteb. Global warming is
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causing not only an increase in heat resourceghwhiPoland’s climate zone is
one of the positive effects of climate change,disb increases the variability of
weather changes over successive years. It is gutgesuch conditions that
possibilities of cultivating other thermophilousapts such as miscanthus and
switchgrass increase. Analyses of harvest weathdexes (the impact of
meteorological elements on plant harvests achiavétbland) confirm that the
greater variability in the sequence of meteorolalggonditions over recent years
may be the reason behind the occurrence of gréhter to date losses in
harvests due to the passage of unfavorable we#Hess optimistic scenario of
climate change in which the increase in temperaturet accompanied by an
increase in atmospheric precipitation is being pkes®in Poland. This situation
shall have a negative effect on the water balaitere will be a further
worsening of hydrological conditions for agricukumn those areas of Poland
that have had the lowest water balance. This nitgtess the undertaking of
action aimed at adapting agriculture to present famgre climate conditions
(Stuczyiski et al., 2007). Multi-year cultivation of energyants usually
produces greater volumes of biomass than the ggpefitraditionally cultivated
plants. It is for this reason that they have greatgter demands. This signifies
that subject to Polish conditions it will be ne@gso grow such crops on land
with a water table above 2 m. Under such conditighants can supplement
insufficient precipitation by up—taking water frognoundwater up to 200 mm.
In the large—area sowing of such plants, the deeceaupply of groundwater
through precipitation should be taken into accotihts premise forces the need
to analyze in detail the hydrological effects otlsiplantings in the area of
specific watersheds as well as the country as alewhithere is a negative
climate water balance in most areas in Poland. Assalt of the expected
change in climate this situation may worsen from%1for the optimistic
scenario to -50% for the pessimistic one. Thus,twhanecessary is serious
consideration as to the locating of energy croptplizons. It should be expected
that unfavorable water conditions will restrict tiee of land area available for
perennial energy plants in Poland to about onganitha (Faber 2008).

5. Conclusion

Biomass is the source of 10% of world energy comgion. Growth in
the share of energy derived from biomass is radbtiglow because there are
still a large number of unknowns. There is the pwbof stability of supplies
and levels of biomass reserves are insufficientsatisfy energy and heat
production needs. It is not known if the utilizatiof biomass is economically
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viable at current and future fossil fuel priceqpexsally assuming no system of
subsidies. The most significant reason for prongpthe production of biomass
for energy purposes is the desire to work agailiretate change. Application of
life cycle assessment (LCA) for biofuels and thewduction allows for a fuller

assessment of their environmental impact. Naturahditions for plant

production in Poland are worse in comparison witieo European countries.
Large scale cultivation of energetic plants is @t@nable method of use
uncultivated and degraded soils. Environmentallgafily management allows
to draw additional benefits from energetic plantdtication in the form of

healthier, clean air, water, and soil, and bettanagement of space and waste.

Research where sponsored by Ministry of Science artdigher Education in
Poland, Grant No. N N304 385338 ; Grant No. N N30402940, Grant
No 545/516 and Grant no 545/515.
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Streszczenie

PERSPEKTYWA ZROWNOWA ZONEJ PRODUKCJI ROSLIN
ENERGETYCZNYCH W POLSCE

Zapotrzebowanie w Polsce na bioenergiv kontekcie realizacji celow
gospodarki energetycznej jest stymulowane przezgzzynnikéw, w tym potencjat
biomasy pochodzy z upraw rolniczych. Celem artykutu jest wskazama perspektyav
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zréwnowaonej produkcji rglin energetycznych w Polsce poprzez produkegkowite;
biomasy jako gtdbwnego odnawialnegoddta energii wykorzystywanego w krajach
Europy, a wspieranego przez obecnie olpawizcg Dyrektywe Parlamentu
Europejskiego i Rady 2009/28/WE z dnia 23 kwieR@@9 r. w sprawie promowania
stosowania energii zefrédet odnawialnych (ZE). Naijistotniejszymi powodami
promowania produkcji biomasy fiinnej na cele energetyczne jest e¢€h
przeciwdziatlania zmianom klimatycznym i redukcjaisgngazow cieplarnianych.
W artykule wskazano na znagawle analizy LCA (Life Cycle Assessment) dla biopaliw
i ich produkcji. Zwrécono uwag na warunki agroklimatyczne i glebowe
uwarunkowania produkcji biomasy w Polsce oraz ekaopny aspekt jakim jest
wskanik waloryzacji rolniczej przestrzeni produkcyji@fWRPP).



