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Abstract

Eco-energy anthropopressure specifically affects the agricultural landscape, but is essential for society to survive
and grow. While developing new dependencies and demonstrating large transgressions against the present state,
eco-energy investments affect redefinition of the identity of place, society and landscape. This paper discusses
management of eco-energy anthropopressure with regard to the sustainable development of society and the
economy. Projects of infrastructure modernisation related to construction of renewable energy sources should
consider an assessment of anthropopressure trends, which facilitate definition of priorities in measures exemplified
by subsequent investments, considering their economic, environmental and social aspects. The criteria of eco-
energy anthropopressure constitute the bases of analyses and guidelines when planning new undertakings. The
positive trend of anthropopressure is a condition verifying the correctness of eco-energy engineering development.
Application of enzymatic indicators enabling quantification of anthropogenic transformations, along with the
ecological results of protective measures related to the generation of renewable energy allow for the long-term
monitoring and identification of trends.
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Streszczenie

Antropopresja ekoenergetyczna, aczkolwiek wywolujaca okreslony wplyw na krajobraz rolniczy, jest niezbedna
do przetrwania i rozwoju spoteczenstwa. Inwestycje ekoenergetyczne budujac nowe zaleznosci i wykazujac duza
transgresje w stosunku do stanu obecnego, wptywaja na redefinicj¢ tozsamos$ci miejsca, spoteczenstwa i
krajobrazu. W artykule oméwiono zarzadzanie antropopresja ekoenergetyczng w kierunku zréwnowazonego
rozwoju spoteczenstwa i gospodarki. Projekty modernizacji infrastruktury zwigzane z budowa zrodet energii
odnawialnej powinny uwzglednia¢ oceng trendu antropopresji, co utatwi okreslenie priorytetyzacji w dzialanich
egzemplifikujacych si¢ kolejnymi realizacjami inwestycji, uwzgledniajacymi aspekty ekonomiczne,
srodowiskowe i spoteczne. Kryteria antropopresji ekoenergetycznej stanowia podstawe przy przygotowaniu analiz
i wytycznych do planowania nowych przedsigwzigé. Warunkiem sprawdzajacym poprawnos¢ rozwoju
ekoenergetyki jest pozytywny trend antropopresji. Zastosowanie wskaznikow enzymatycznych umozliwiajacych
kwantyfikacj¢ przemian antropogenicznych oraz ekologicznych efektow realizacji zabiegéw ochronnych
zwigzanych z wytwarzania energii odnawialnej pozwala na monitoring dlugookresowy oraz identyfikacje
trendow.

Stewa kluczowe: antropopresja, ekoenergia, krajobraz rolniczy, zrownowazony rozwdj, etyka ekologiczna
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Introduction

The idea of sustainable development refers to the
balance among three co-existing subjects: the envi-
ronment, society and the economy (Pawlowski,
2008). Convergence of the goals of these elements is
obvious, but in practice they are difficult to bring to-
gether and may entail multiple conflicts: spatial (e.g.
in a reflexive relationship: environmental protection
— anthropopressure), social, and in implementation
(Baranowski, 2000; Przewozniak, 2005; Malczyk,
2012). Maintaining a balance requires praxeological
and often dialectical development, necessary to
maintain the initial assumptions brought by the defi-
nition of sustainable development (Pawlowski,
2011; Malczyk, 2012). The example here may be
eco-energy anthropopressure, which causes ambiva-
lent feelings because it opposes two important val-
ues: environmental protection and the pressure to
implement this protection. Sustainable development
strategy includes beliefs referring to the quality of
life on the level provided by the current state of civ-
ilisation and development. However, with the reser-
vation that it concerns development by which the
reasonable needs of the current generation may be
implemented without reducing the chances of future
generations' needs (Papuzinski, 2013). This special
care results from increasingly intensive pressure on
the environment, which is a consequence of search-
ing for new ways of satisfying emerging needs re-
lated to civilisation and development (Pawtowski,
2011). Detailed intervals of this process often result
in high costs incurred by following generations in
subsequent stages of development (Malczyk, 2012).
The rapidly rising prices of conventional energy car-
riers and the forecasted limitations of their extraction
have increased interest in renewable energy sources

(Fig. 1).
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Figure 1. Renewable energy sources

Generation of renewable energy allows for reduction
of greenhouse gas emission, increased energy secu-
rity and stronger agricultural production (Matecki,
Gajewski, 2006; Duer, Christensen, 2010). How-
ever, it also requires a series of investments, which
(besides obvious benefits) measurably affect in-
creased environmental pressure (Malczyk, 2012;
Pawlowski, 2011). Eco-energy anthropopressure
constitutes a relatively new challenge for the envi-
ronment. This is related to the series of measures fol-
lowing the manufacturing process of renewable en-
ergy extraction devices and their installation on site,

the transformation of terrain altitude, the construc-
tion of relevant infrastructure for communication
and transmission of energy, procedures related to the
establishment of energy crop plantations and their
maintenance, changes in landscape structure, and
nuisances such as noise, vibration and electromag-
netic fields.
The European Energy Policy (EEP) adopted by the
European Commission on 10 January 2007 consti-
tutes the framework for the development of a com-
mon energy market, within which energy production
is separated from its distribution. Energy supply se-
curity (through diversification of sources and supply
routes) and environmental protection are particularly
important priorities. The main goals of the European
Union in the energy sector until 2020 include:
» increased efficiency of energy consumption
by 20%;
» share of renewable energy sources in the
energy balance: 20%;
»  CO; emission reduction by 20%;
» share of biofuels in general fuel consump-
tion in the transport sector: 10%;

» reduction of energy consumption by 13%.

Strategic forecasting of energy economy develop-
ment at national level in the European Union mem-
ber states should be coherent with the priorities and
directions of measures defined in the European En-
ergy Policy (Jabtonski, 2009).
The draft Poland's Energy Policy till 2030 (PEP),
currently presented by the Polish Ministry of Econ-
omy, refers to goals determined by the Union in the
EEP. However, the draft Policy considers Polish
specificity, characterised mainly by the structure of
primary fuel consumption (the dominant position of
carbon), which is unusual compared to the European
Union. This draft assumes that Poland's energy secu-
rity will be based mainly on its own resources, espe-
cially coal and lignite. However, energy policy re-
lated to carbon emission reduction constitutes limi-
tation for coal. Hence the draft particularly empha-
sises development of clean coal technologies (i.e.
highly efficient cogeneration). Due to the derogation
of auctioning concerning rights to carbon emission
(necessity of purchase of 100% rights on auctions
has been postponed until 2020), Poland earned more
time for the transfer to low carbon power. In turn,
within the scope of imported energy resources, the
draft assumes diversification, understood also as the
differentiation of manufacturing technologies (e.g.
generation of liquid and gas fuels from coal), instead
simply of supply directions (as had been the case un-
til recently) (Jabtonski, 2009). The introduction of
nuclear power in Poland will also provide a new di-
rection of measures. In this case, the following ad-
vantages are mentioned: lack of carbon emission,
and the possibility of becoming independent from
typical directions of energy resource supplies, which
in turn improves the level of the country's energy se-
curity.
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According to inventory data of the European Com-
mission (Communication from the European Com-
mission, Brussels, 27 November 2007), greenhouse
gas (GHG) emissions in the Community are domi-
nated by the two largest subjects — Germany and the
United Kingdom — who are responsible for one-third
of entire GHG emission in the EU. Nevertheless,
these countries have managed to reduce their GHG
emissions by 340 million tons of carbon dioxide
equivalent, as compared with the level from the base
year. 1990 is the base year for so-called old member
states, i.e. EU-15, in reference to GHG (Communi-
cation..., 2007). The basic reasons behind such pos-
itive tendencies in Germany include increased effi-
ciency of power stations and heating plants, as well
as economic restructuring of five new districts fol-
lowing the 1989 reunion. GHG emission reduction
in the United Kingdom primarily occurred because
of liberalisation of the energy markets, the transition
from petroleum and coal to gas, and by means reduc-
ing nitrous oxide emission in the production of
adipic acid (Zaleska-Bartosz, 2008). Italy and France
occupy the third and fourth positions on the list of
the largest emitting entities — their share in emission
amounts to 11%. Since 1990, GHG emissions in It-
aly have increased (by approx. 12%), mainly be-
cause of intensified emissions in road transport, elec-
tric and thermal power generation, and oil refineries.
Emissions in France were lower by 2% than in 1990.
In France, significant reduction of nitrous oxide
emission was obtained in adipic acid production, but
carbon emission from road transport increased sig-
nificantly (Communication..., 2007). Spain and Po-
land occupy the fifth and sixth positions among the
largest emitting entities in the EU — their share in to-
tal GHG emission comes to 9% and 8% respectively.
Inventory data of the European Commission (Com-
munication..., 2007) shows that Spain increased
emissions by 53%, while Poland reduced them by
18%. The decline of energy-intensive heavy industry
and restructuring of the whole economy at the end of
1980s and beginning of 1990s constituted the most
important reasons for reduced emissions in Poland
and in other new member states. Transport, espe-
cially road transport, was an exception, as emissions
from this area increased (Zaleska-Bartosz, 2008).
According to the inventory data of 2005 (Communi-
cation..., 2007), Germany, Finland, the Netherlands
and Romania contributed the most to GHG emission
reduction in absolute values. Emission reduction was
also claimed by Belgium, Czech Republic, Den-
mark, Estonia, France, Luxembourg, Slovakia, Swe-
den and Great Britain. The highest increase in emis-
sion among EU-15 member states in 2005 concerned
Spain— by 15.4 million tons of carbon dioxide equiv-
alent. This mainly resulted from a 17% increase in
electric power generation from fossil fuels by power
stations, as well as from reduced electric power gen-
eration by hydroelectric power stations caused by a
decline in the level of the river water table (Zaleska-

Bartosz, 2008). Among new member states (EU-12),
Poland was the country with the highest increase of
emission in absolute values. This amounted to 2.3
million tons of carbon dioxide equivalent. Such a sit-
uation mainly resulted from the increase in methane
and nitrous oxide emissions by 1% from the agricul-
tural sector, standing at 5% and 4.5% respectively.
Increased emission in 2005 was also claimed by
Auwustria, Bulgaria, Greece, Hungary, Ireland, Latvia,
Lithuania, Malta, Portugal and Slovenia (Communi-
cation..., 2007).

The Polish draft EP until 2030 assumes that the share
of renewable energy sources in total energy con-
sumption in Poland is to increase to 15% by 2020
and to 20% by 2030. In addition, a 10% share of bio-
fuels in the transport fuel market is planned to be
achieved by 2020. The Renewable Energy Develop-
ment Strategy (adopted by the Polish Parliament on
23 August 2001) mentions an increase of the renew-
able energy share in the Polish fuel-energy balance
to 7.5% by 2010 and to 14% by 2020 in the structure
of primary carriers' consumption. The goal estab-
lished in the Strategy until 2010 is nearly half as high
as the task imposed by the European Union for them-
selves.

The Strategy claims that adoption of the level estab-
lished by the EU for 2010 was impossible, based on
information concerning the technical potential of re-
newable energy sources and on the forecasted capac-
ity of their use.

The Energy Law introduced in 1997, with further
amendments and regulations, determines the legal
grounds of functioning of the energy market in Po-
land and the development of renewable energy. The
Act defines the principles of forming the state's en-
ergy policy, the conditions of supplying and using
fuels and energy (including heat), and of energy en-
terprises' operations. In addition, it determines com-
petent authorities in matters of fuel and energy econ-
omy. It aims at developing conditions to provide the
state's energy security, the economical and reasona-
ble use of fuels, the development of competition,
counteracting the negative results of monopolies,
and consideration of environmental protection re-
quirements, as well as protecting the interests of re-
ceivers and cost minimisation (Jablonski, 2009).
Continuous amendments are being introduced to the
Energy Law to implement national EU recommen-
dations. In the last draft of amendments, the provi-
sion concerning energy planning was introduced. It
strictly defines a time framework for the preparation
of draft assumptions of commune energy media sup-
ply plans by voivodes and mayors (draft assumptions
are to be prepared for 15 years and updated every
three years). According to certain authors (Matecki,
Gajewski, 2006), the generation of energy resources
and energy will be the main stimulator of agricultural
development and transformations in Polish villages,
while agriculture's function as a source of energy re-
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sources and energy will be as important as its nutri-
tional function.

The term agricultural landscape includes an area or
fragment of the Earth's surface whose main function
is constituted by agriculture (Cymerman et al.,
1992). The quality of agricultural landscapes, deter-
mined by common influence of many environmen-
tal, social, economic and technical factors, has a
prevalent significance on the formation of a healthy
environment for human life, maintenance of envi-
ronmental values and ecological balance, as well as
in protection of landscape visual values (Fischer,
Magomedow, 2004; Bielinska et al., 2008). The con-
cept of landscape as a system of mutual interactions
of natural and socio-economic processes defining its
structure is an important component of the sustaina-
ble development doctrine (Zarska, 2005). Agricul-
tural landscape is a multi-dimensional and multi-fac-
eted system; therefore it changes in time and space.
These changes are usually comprehensive, but they
occur most frequently through changes in the struc-
tural elements (Ryszkowski, 2004; Plywaczyk,
Kowalczyk, 2007). Agricultural exploitation dis-
turbs the natural circulation of biogenic components
and generates soil contamination related to agrotech-
nical procedures. In addition, it maintains improper
land use structure, technical infrastructure, mechan-
ical transformations of land relief, and intensified
soil erosion processes. Therefore, it negatively af-
fects the functioning of landscape systems (Cymer-
man et al., 1992; Ryszkowski, 2004).

The decline in biotic diversity is one of the most im-
portant problems in the modern world. Intensive ag-
ricultural activity causes biological impoverishment
and weakens the stability of ecotopes. Resolutions of
the Paris Convention (2002) on Protection and Per-
manent Use of Biological and Landscape Diversity
in Reference to Agricultural Policies and Practices
(Ryszkowski, 2004) emphasise the significant role
of landscape in the maintenance of biotic diversity.
The document assumes that:

e agricultural landscape occupying the larg-
est area of Europe is very significant for the
protection of biotic diversity;

e operations aimed at permanent and sustain-
able use of biotic diversity resources on ru-
ral areas should be undertaken;

e EU agricultural-environmental pro-
grammes should be applied to protect the
biotic and landscape diversity of land be-
yond the areas of territorial protection;

e countries joining the European Union
should protect landscapes and biotic diver-
sity by applying EU legal and financial in-
struments;

e agricultural lands where habitat formation
ensures significant increase of biotic diver-
sity should be recognised.

Agriculture as food and energy producer versus
sustainable development

Rural areas are one of the most important elements
of spatial structure in Poland and the European Un-
ion — they constitute 90% of its territory (CSO, 2012;
Report..., 2008). Despite tendencies to concentrate
business activity in urban areas, rural areas generate
42% gross positive value in the EU and provide 53%
employment, while in most EU-12 member states —
more than 73% (Report..., 2008). The average size
of farm is largest in the EU-15 states (excepting
Greece, Italy and Portugal), while the smallest is in
the EU-12 member states (excepting Czech Repub-
lic, Estonia and Slovakia). Differences in farm struc-
ture among regions of the same member state are
usually much smaller in new states (except Czech
Republic and Hungary) than in old ones. The largest
differences occur in Germany: from 13 ha in Ham-
burg to 263 ha in Mecklenburg-Vorpommern; how-
ever, the differences are even greater if the measur-
ing unit is the average economic size of a farm. In
the EU-12 states, the European Size Unit is 10x
lower than in the EU-15 states. Czech Republic is
the exception, as average farm profitability amounts
to a 10.5 European Size Unit (Dudzinska, 2012). In
Poland, average farm size is 7.5 ha, while regional
differentiation is significant — from one hectare to
several thousand hectares (Ministry of Agriculture,
2005). Measures to support the sustainable develop-
ment of rural areas in new member states (EU-12)
have been introduced to reduce differences among
EU countries.

In Poland, rural areas are included in development
strategies represented by sectoral programmes (Sec-
toral Operational Programme, 2010; Rural Areas
Development Programme, 2012) co-financed by the
EU. In the 1990s, the multifunctional development
paradigm for rural areas was adopted in Poland. Its
implementation consisted in so-called diversifica-
tion, i.e. increase of the spectrum of business activ-
ity, which effectively supported the practice of treat-
ing the village only as a manufacturing zone
(Wilczynski, 2012). No coherent concept of rural
area development was established, but that issue was
subordinated to the implementation of the Common
Agricultural Policy of the European Union. Opera-
tional Programmes became the source of obtaining
funds for particular investments; facilities that were
needed but not embedded in the broader develop-
mental context. This was demonstrated in implemen-
tation of a series of undertakings, mainly infrastruc-
tural (e.g. local roads, Orlik sports fields, sewage and
waterworks infrastructure, tourist trails), which con-
stituted timely interventions instead of a way to
make developmental processes more dynamic
(Wilczynski, 2012). The national arrangement — Ru-
ral Area Activation Forum — has the possibility of
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supporting the environmental protection process in
rural areas (Niedzwiecka-Filipiak, 2009). Estab-
lished in 1984, the European Council for the Village
and Small Town ECOVAST has been operating ac-
tively for the benefit of development and protection
of rural areas (Dziekonska, 1999). In 1994, experts
from this association developed a Strategy for Rural
Europe — an abstract including, among others, indi-
cation of principles that should be observed to
achieve the character of rural development that takes
into account sustainable development rules
(Niedzwiecka-Filipiak, 2009). Environmental pro-
tection and development in rural areas includes
(Ryszkowski, 2004):

e limitation of contamination of ground- and
surface water;

e provision of the continuity of natural pro-
cesses, including biotic and abiotic compo-
nents;

e comprehensive solutions of village devel-
opment problems, with particular consider-
ation to water economy, sewage treatment,
transport systems and public transport;

e provision of landscape protection against
contamination, with regard to conducting
agricultural business and waste disposal,

e modifications to basin water balance
(change in intensity of evapotranspiration,
limitation in runoff);

e reduced intensity of water and wind ero-
sion;

e modification of results caused by the green-
house effect;

e avoidance of fragmentation of natural land-
scape structures;

e preservation of spatial and temporal land-
scape continuity;

e use of renewable energy sources;

e reduction of waste production;

e provision of recreational and tourist values,
as well as the climatic conditions of a given
area;

e assessment of threats and design of their re-
moval.

The agricultural landscape is not only a very dy-
namic entity, but also a holistic one, which means
that mutual interdependence of elements occurs at
different interactional levels. The agricultural sys-
tem consists of natural resources including elements
such as soil, crops, livestock and interactions of in-
flows and outflows of substances, energy and infor-
mation (Fig. 2). A change in one element of the ho-
listic system may cause a change in the whole,
(The flutter of a butterfly's wings over the Tiber River
may cause a storm in Anatolia). The comprehensive-
ness of the agricultural landscape translates into the
complexity of the process of its formation. There-
fore, the holistic concept of space should be the basis
of any new methodology of forming agricultural
landscapes with sustainable development conditions.

Internal resources of the agricultural system

Figure 2. Main elements of the agricultural ecosystem (ac-
cording to: Piekut, Pawluskiewicz, 2005)

Organisation of agricultural production and manage-
ment of agricultural systems able to obtain quantita-
tively and qualitatively appropriate agricultural pro-
duction without negative environmental impact
(Piekut, Pawluskiewicz, 2005) constitute the condi-
tion of implementing the sustainable development
strategy in agriculture. Sustainable management in
agriculture considers protection of the commonly
understood rural environment, including such natu-
ral resources as soil, water and air, biodiversity, eco-
logical relations, and the social and cultural environ-
ment (Pieckut, Pawluskiewicz, 2005). Agriculture
should be environmentally-friendly, accepted by so-
ciety and economically vital, which is strongly em-
phasised by the new legal regulations of the Common
Agricultural Policy (Council Regulation No
1782/2003; Commission Regulation No 795/2004;
Commission Regulation No 796/2004).

Agriculture does not generate energy — biomass con-
version is necessary as the main energy behind agri-
cultural production. Energy use in agricultural man-
ufacturing space is the reason for the risk of disrup-
tions in the food market, which are indicated by, for
example, an observed rise in food prices (Roszkow-
ski, 2008). Agricultural production for energy pur-
poses should be optimised with regard to the maxi-
misation of energy efficiency, instead of qualitative
features prevalent in the conventional production of
food and fodder. Energy markets are beginning to
manage agricultural markets due to current eco-
nomic and legislative considerations. Such tenden-
cies constitute a potential threat for protein-energy
relations in plant products. Decisions on energy crop
production are made with the use of results of incom-
plete energy and ecological analyses, often under the
influence of changeable economic regulations (sub-
sidy systems). Forecasts for 2015-2020 regard the
rise in food prices by 20-50% as fully justified
(Roszkowski, 2008).

The main advantages of energy generated in agricul-
tural production include diversification of supply
sources and GHG emission reduction, as well as the
potential capacity of technological and technical pro-
gress. However, it should be emphasised that striv-
ing for cheap resources and products (vegetable oils,
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wood, bioethanol) causes tendencies of a return to
industrial agriculture. These have a negative impact
on biological diversity, while in some cases they
may increase the GHG emission level in the atmos-
phere (e.g. palm oil). Simulations conducted by the
EU assumed obtaining 25% of transport fuels from
biomass, and indicated simultaneous increase of fer-
tilizer use by 40% (Report, 2008). Moreover, neither
energy crops nor biomass combustion are neutral
with regard to carbon emission. A certain amount of
fuel is consumed in energy crop cultivation, and spe-
cific energy expenditure for manufacturing fertiliz-
ers and plant protection products is necessary. Fi-
nally, a certain amount of nitrous oxide is emitted
from applied nitrogenous fertilizers (Faber et al.,
2008). Therefore, production of biomass for energy
purposes is connected with greenhouse gas emission
(Tab. 1).

Table 1. Energy consumption and greenhouse gas emis-
sion generated in the production of biofuels (Royal Com-
mission on Environmental Pollution)

Fuel type Energy con- Emission (CO2
sumption equivalent)
MJ-t-1 DM kg-t-1 DM
Wood waste 572 33
(wood chips)
Willow (wood 756 35
chips)
Miscanthus 338 40
(bales)

Another factor intensifying the anthropopressure
connected with broader substitution of fossil fuels by
biofuels is water content in agricultural biomass. It
significantly decreases the amount of usable energy
generated (regardless of the manner of its conversion
into thermal energy), and increases nitrogen oxide
emission (Roszkowski, 2008). Low efficiency of bi-
omass energy utilisation is also related to the neces-
sity of incurring expenditure for transport and prep-
aration of biomass for combustion, as well as finan-
cial costs of additional operations increasing energy
concentration in a mass unit (pelleting, briquetting,
chipping and drying) (Roszkowski, 2008).

The main factors limiting the production of energy
biomass in EU countries include the availability of
arable land (only 7-8 EU states, including Poland,
have at their disposal energy free production sur-
faces, providing the prices on the global crop market
are taken into account) and obtained efficiencies (Fa-
ber et al., 2008; Kus et al., 2008; Roszkowski, 2008).
The production of biomass for energy purposes
should constitute extension of current sustainable ag-
ricultural technologies. One's own resources of
good/very good soils, dedicated to the production of
food and fodder, should not be decreased by com-
mercialisation of biomass production. Selection and
technologies of energy crop production should con-
sider the specificity, limitations and environmental
considerations of a specific country and region. Soil

inventory conducted by the Institute of Soil Science
and Plant Cultivation in Pulawy (Jadczyszyn et al.,
2008) demonstrate that the area of soils most appro-
priate for energy crops amounts to 569 thousand hec-
tares in Poland. These are soils from 5, 8, 9 and 3z
soil complexes located beyond protected areas, in
which the groundwater table occurs above 200 cm.
They are situated in regions of annual precipitation
exceeding 550 mm. The potential total surface for
energy crops does not exceed one million hectares,
even if plantations are additionally located on soil
complex 6, less useful for energy crops. In addition,
use of land that is currently set aside in order to es-
tablish energy crop plantations is significantly lim-
ited. In Poland, large fallow areas on better soils are
located in areas with fragmented agrarian structure
(the Mazowieckie, Podkarpackie, Slaskie and Lubel-
skie voivodeships) or near big cities. Larger com-
plexes of set-aside land occur on the weakest soils,
where this field of production is unprofitable (Kus et
al., 2008). Good and very good soils, constituting ap-
prox. 50% of arable land in Poland, should not be
dedicated to permanent energy plantation, due to the
necessity of providing the state's food security.
Based on the CAPSIM model, the European Com-
mission (Communication from the European Com-
mission, 2007) estimates that Poland may dedicate
approx. 4.5 million hectares to energy crops by 2030.
Detailed analyses conducted by Polish experts,
among others Faber (et al., 2008) and Kus (et al.,
2008), indicate that in the coming years, a maximum
1.5 million ha of land can be dedicated to energy
crops in Poland (including 0.4 million ha for produc-
tion of rape for biodiesel, 0.5 million ha of arable
land for agricultural products for ethanol production,
and 0.6 million ha for permanent energy crop plan-
tations by 2015). Reaching a renewable energy share
of 20% in the general use of primary energy in Po-
land by 2020 is regarded as impossible (Jadczyszyn
et al., 2008; Kus et al., 2008). Roszkowski (2008)
emphasises that the country's capacity should be re-
garded as a relevant criterion, instead of reference to
GDP, as is currently assumed by the EU authorities.
In practical terms, selection of species of cultivated
energy crops must depend on the adopted method of
biomass management (combustion, co-combustion,
biogas production, etc.) and the total strategy of its
use. Under Polish conditions, it is necessary to create
some spatial order in agricultural management of
production space (Kus et al., 2008).

Both Polish and global agriculture are subject to con-
tinuous social and economic transformations, which
direct their actions to commercial activity oriented
towards profit generation.

Anthropopressure in the process of sustainable
formation of the environment

Anthropopressure constitutes every form of human
activity causing specific environmental impact. It is
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necessary for the survival and growth of society. De-
spite the obvious contradiction in the system of hu-
man needs — environmental needs, there is some
limit of balance between poles of this system, de-
pending on the type, intensity and scope of anthropo-
pressure (Janikowski, 1999; Bielinska et al., 2008;
Malczyk, 2012). While broadly discussing anthropo-
pressure management in the direction of the sustain-
able development of society and the economy, Jani-
kowski (2004) determines a holon of pressure, which
has materialised structures implementing processes
related to the collection and removal of matter and
energy, as well as passive existence (as such) in the
environment. Holons create holarchies, which are a
hierarchy of holons (Janikowski, 2004). Imma-
nently, a holon (holarchy) exerts pressure on the en-
vironment, while its scope and size depend on all ac-
tions directed at satisfying human needs (Fig. 3).

System that System subject to
influences influence

Holon of Environment

pressure

Fig. 3. Basic model of anthropopressure (according to:
Janikowski, 2004)

Holons exert pressure on the environment; chemical,
biological, physical, and structural-spatial (e.g. an-
thropogenic barriers in space, land levelling, roads,
monocultures). Janikowski (2004) also classifies an-
thropopressure in its temporal features as temporary,
constant and periodical, as well as in the aspect of
dynamics: increasing, decreasing, permanent and os-
cillating. At the level of spatial influence, the author
distinguishes punctual, surface, linear, concentrated
and dispersed anthropopressure. Due to the number
of interacting holons, he distinguishes individual and
mass anthropopressure.
Anthropopressure  constitutes a derivative of
measures forming the environment, which include
among others: environmental protection, sustainable
landscape management, protection of biological di-
versity, and environmental engineering — consider-
ing other problematic areas, including construction,
agriculture, waste management and energy. An-
thropopressure is defined by cause and effect, in-
cluding elementary stages that occur consecutively
(Fig. 4). Understanding of the causative sequence of
anthropopressure constitutes the basis for paradigm
creation, which results in the optimal choice of im-
plementation instruments for subsequent operations,
enabling reduction of environmental pressure (Jani-
kowski, 1999).
Assessment of the degree of anthropopressure
requires definition of consistent stages, which
include (Janikowski, 2004; Malczyk, 2012):

o interdisciplinarity of the environmental for-

mation process with regard to implement-
ing the sustainable development strategy;

e determination of the criteria of anthropo-
pressure affecting formation of the environ-
ment;

o definition of the method modelling the con-
sistent process of formation of the environ-
ment in a selected area (e.g. agriculture,
waste management, environmental engi-
neering, renewable energy);

e in the context of sustainable development,
determination of the network of relations
among objects affecting formation of the
environment, with particular consideration
to the legal aspects, science, education, the
economy, the labour market, and globalisa-
tion (Fig. 5).

Anthropopressure takes the form of an axiological
system aiming to define the typification and hier-
archisation of actions that are adopted and regarded
as important in the implementation of sustainable de-
velopment. At the same time, it constitutes the refer-
ence point for the assessment of a pressure trend,
which facilitates diagnosis of the environmental con-
dition, including the assessment of environmental re-
sistance to anthropopressure and the forecast of the
effects of changes in the environment which are to
occur under the influence of present use and devel-
opment, as well as the possible intensity of environ-
mental transformations (Majer, 2007; Malczyk,
2012). Anthropopressure criteria constitute the ini-
tial point for preparation of analyses, case studies
and guidelines for planning new undertakings (Mal-
czyk, 2012).

Eco-energy anthropopressure

Formation of rural landscape constitutes a deliberate
human activity aimed at bringing the environment to
a condition in which functions performed by rural ar-
eas consider the principle of sustainable develop-
ment (Cymerman, Nowak-Rzasa, 2001). Sustainable
formation of agricultural landscape structure will al-
low for the optimisation of economic and protective
measures (Ryszkowski, 2004).

Under this  priority,  projects  concerning
modernisation of infrastructure are implemented,
mostly related to reasonable energy use and
development of renewable energy sources (Bilinski,
2006). Completion of these projects results in,
among others, reduced emission of SO,, NOy, CO;
and dust, reduced use of energy resources and
energy, and improved landscape quality; however,
investments in areas where energy is generated from
renewable sources are related to the series of
hardware and agricultural works putting diverse
pressure on particular landscape elements (Tab. 2).
At the same time, eco-energy anthropopressure
changes the visual quality of a landscape, and grants
new spatial (viewing and cultural) dimensions to
these areas (Malczyk, 2012).
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Space, landscape, air,
soil, raw materials,
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-ure Effects

Managing
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Figure 4. Causative sequence of anthropopressure (according to: Janikowski, 1999)
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Figure 5. Network of relations among subjects forming the environment, with consideration to the priority of criteria and the
trend of anthropopressure (according to: Malczyk, 2012)
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Table 2. Summary of hardware and agricultural works affecting particular landscape elements (according to: Cymerman,
Nowak-Rzgsa, 2001 — amended)

erosive procedures

Group of Impact on landscape
Elements high impact medium impact low impact
Vegetation phyto-irrigation, anti-erosive pro- | transformation of arable land, | transformation of land relief,
cedures, marking of areas to gen- | adjustment of non-productive | land consolidation, redevelop-
erate renewable energy and divi- land, division of real estate ment of communication sys-
sion of land to construct appropri- tems, improvement of existing
ate infrastructure roads
Land relief transformation of land relief, anti- | land consolidation, phyto-irri- | marking of land to generate re-

gation, irrigation

newable energy, adjustment of
non-productive land

Water conditions

irrigation

anti-erosive procedures, land
consolidation

Technical

redevelopment of communication

Infrastructure systems, improvement of existing
roads, marking and division of
land for the construction of appro-

priate infrastructure

introduction of elements of
devices to generate renewable
energy and ground infrastruc-
ture

land consolidation, transfor-

mation of arable land

Emergy (emjoule is its unit), understood as an inte-
grated indicator of environmental pressure, is a use-
ful measure of eco-energy anthropopressure (Odum,
1996). It is constituted by the combined total energy
applied in transformation processes (directly or indi-
rectly) for making a product or service (Janikowski,
2004). In order to compare one joule of primary solar
energy (PJ) with energy in the ecosystem, one should
consider the cost of transformation of one type of en-
ergy into another. There are some discrepancies re-
garding the assessment of energy potential of renew-
able energy sources in Poland. Based on the availa-
ble source data, Malecki (2006) estimates it at the
level of approx. 2,500 PJ a year (Tab. 3).

Table 3. Energy potential of renewable resources by the
capacity of generation (Matecki, 2006)

Estimated amount of energy in PJ/year
Biomass | Hydro- | Geothermal | Wind | Solar
power | resources power | radiation
895 43 200 36 1340
Total 2514

In Poland, biomass is the basic source of renewable
energy, applied mainly in the production of thermal
energy by the process of direct combustion. The
share of these fuels in the production of electricity is
scarce (Matecki, 2006). Biomass may also be used in
associated systems to generate thermal and electric
power. Fig. 6 illustrates the options of biomass
processing for energy purposes.

Establishment of energy plantation requires consid-
eration of habitational conditions, the agrotechnical
requirements of plants, harvest technology, the tech-
nology of biomass use, and production profitability
(Kus et al., 2008). Intensive cultivation of bioenergy
crops increases anthropogenic transformations of
agricultural landscapes, because it leads to signify-
cant simplification of their structure through genetic
standardisation of cultivated plants, elimination of

BIOMASS
| | |

Solid biofuels Gas biofuels Liquid biofuels
*  firewood *  agricultural *  biodiesel
*  straw of biogas = ethanol

cereals, rape "  biogas *  methanol

and grass from food *  liquid fuels
" peat processing from wood,
»  wastewater *  landfill gas petrol,

sludge " wood gas bioails
" energy crops * methane

others *  hydrogen

Fig. 6 Systematics of the energy use of biomass (accord-
ing to: Grzybek, 2003)

weeds, deforestation, ridges, and the elimination of
water holes, hedges and small swamps. It leads to:
= adecline in the degree of closure of the in-

ternal cycles of matter circulation and the

system's decreased storage capacity. There-

fore, energy plantations will become inten-

sive sources of areal pollutants;

= lower capacity for modification of external

influences on the agroecosystem (Rysz-

kowski, 2004).
Piementel & Patzek (2005) emphasises that intensive
use of agricultural biomass for energy purposes
bears specific risks for the environment. Moreover,
the significant content of volatile parts in biomass
(3x more than in coal) greatly complicates the pro-
cess of its combustion. The new generation of stoves
— fluidised combustion technology — solves this
problem (Hycnar, Gorski, 2003), but is connected
with very high investment costs (Matecki, Gajewski,
2006; Roszkowski, 2008).
Solar power is another significant source of renewa-
ble energy, which constitutes a response to the as-
sumptions of the sustainable development concept.
In Poland, the application of solar collectors as a
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source of energy to heat (especially water for farm-
ing or industrial purposes) as well as to dry crops, is
becoming increasingly popular (Matecki, Gajewski,
2006).

Farms applying wind power to generate electric en-
ergy, which are becoming increasingly popular, con-
stitute one recognised source of renewable energy.
The first wind power station (Lisewo) in Poland has
been operating since 1991, but the wind power in-
dustry has been developing intensively for just 10
years. So far, more than 30 such stations have been
constructed (Dotega, 2006; Malczyk, 2012). Good
wind conditions (very good wind conditions for the
development of wind power industry occur on ap-
prox. 3/4 of Poland's area), advantageous legal regu-
lations and facilitated access to EU funds increase
interest in investments for this sector (Dotega, 2006).
The disadvantages of wind power stations are related
to relatively high investment costs, low utilisation of
installed generation capacity, significant costs of
generating 1 kWh of electricity in such power sta-
tions in relation to the cost of generation by a con-
ventional power station (Dotgga, 2006), and the in-
vestment's pressure on the environment (Malczyk,
2012).

It is very difficult to predict the results of changes in
the environment that may occur under the influence
of the development of renewable energy, because
they cannot always be foreseen. Witzold (2006) pos-
tulates the application of indicators allowing for
quantification of anthropogenic changes and ecolog-
ical effects of protective measures related to an-
thropopressure management in the direction of sus-
tainable development. According to Ryszkowski
(2007), forecasting environmental effects caused by
changes in the agricultural landscape structure con-
nected with environment formation has become pos-
sible due to systemic analyses and the creation of
forecasting models. Landscape multifunctionality
analyses (Ryszkowski, 2007), proposed indicators
allowing for the monitoring of changes in landscape
properties (Fischer, Magomedow, 2004; Witzold,
2006; Bielinska et al., 2008), and integrated analyses
of costs and effects of environmental protection, se-
curity, and social and economic stability constitute
important elements of sustainable environmental
management, extending the achievements of land-
scape ecology within the scope of theoretical anal-
yses and methods of implementation concerning re-
newable energy generation projects (Malczyk,
2012).

Continuity of the matter cycle and of the flow of en-
ergy among landscape elements constitutes the basis
of landscape functioning (Fischer, Magomedow,
2004). Soil microorganisms are one of the most ac-
tive landscape components, determining its quality.
The activity of enzymes emitted in soil constitutes
the indicator of their metabolic capacity (Bandick,
Dick, 1999; Kieliszewska-Rokicka, 2001). Changes

in enzyme activity reflect the interference in the mat-
ter cycle and energy flow caused by anthropopres-
sure; they provide information regarding environ-
mental conditions, as well as the nature of changes.
They also enable long-term monitoring and the iden-
tification of trends (Bielifiska et al., 2008). The basic
advantages of biological methods of landscape con-
dition assessment, based on enzymatic tests, are
more than just the capacity of performing serial anal-
yses — most of all they lay in the capacity of present-
ing the summarised impact of numerous factors and
assessing parameters that cannot be determined oth-
erwise, such as elements of cell metabolism. The ap-
plication of enzymatic indicators to evaluate soil
quality is broadly documented in literature (among
others: Myskow et al., 1996; Januszek, 1999; Kahle
et al., 2005; Yang et al., 2007), however, there is no
information on the application of enzymatic methods
for the analysis of landscape functioning. In Poland,
the Institute of Soil Science, Environment Engineer-
ing and Management at the University of Life Sci-
ences in Lublin conducts research within this scope
(Baran et al., 2004, 2009; Bielinska et al., 2008;
Bielinska, Ligeza, 2010). These studies show that
enzymatic tests allow for credible assessment of the
functioning of landscape systems.

Set-aside arable land and areas within dumping
grounds should be (and increasingly are) the basis
for the establishing of energy crop plantations
(Bielinska et al., 2012). The authors of this paper are
currently conducting comparative examination of
enzymatic soil activity in the area of energy crop
plantations and neighbouring set-aside arable land.
This has demonstrated the stimulating impact of cul-
tivation on the activity of soil enzymes (Tab. 4). The
plants have beneficial effects on the biological prop-
erties of the soil, mainly through root exudates
(Yang et al., 2007). During their growth, roots pro-
duce organic and inorganic compounds, and active
substances, which stimulate the activity of enzymes.
Plants may affect the activity of the enzymes di-
rectly, by increasing their absolute amount, and indi-
rectly, via changes in the content of organic sub-
stances and population of microbes (Kieliszewska-
Rokicka, 2001). The obtained results (Tab. 4) indi-
cate that energy crops have a positive impact on the
landscape's potential for self-regulation, immunity,
buffering and resource-function via stimulation of
the activity of the enzyme-catalysing processes of
the matter cycle and the flow of energy among land-
scape elements.

Due to the role played by microbes in the mainte-
nance and reconstruction of soil richness, assessment
of the impact of anthropogenic factors related to hu-
man agricultural activity on their development and
activity in soil have become an element to be con-
trolled within environmental monitoring in many
countries (Januszek, 1999).
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published data)

Plant ADh AFac AU AP
Wicker 4,18 22,16 6,87 9,44
Poplar 2,74 17,41 5,12 6,91
Maple 3,72 19,08 8,23 7,73
Miscan-

thus 4,33 27,52 7,69 10,56
Jerusa-
lem arti- 3,95 24,68 7,11 9,28
choke

Sida 3,84 21,29 8,47 9,65
Silphium
perfolia- 3,02 20,34 6,67 8,97

tum
Set-aside

soil 1,96 15,52 4,76 5,22

ADh - dehydrogenases in cm® Ha-kg!-d!, AFac — acid
phosphatase in mmol PNP-kg*-h,

AU — urease in mg N-NH4*-kg-h'l, AP — protease in mg
tyrozyny.g-l.h-l

Conclusions

1.

Eco-energy anthropopressure invokes ambiva-
lent feelings because it opposes two important
values: environmental protection and the pres-
sure to be exerted to implement this protection.
Parameterisation of landscape assessment meas-
urably affected by eco-energy investments con-
stitutes a difficult and multi-faceted task. While
developing new dependencies and demonstrat-
ing large transgression against the present state,
eco-energy investments affect redefinition of
the identity of place, society and landscape.
Infrastructure modernisation projects related to
the construction of renewable energy sources
should consider assessment of the anthropopres-
sure trend, which should facilitate definition of
priorities in measures exemplified by subse-
quent investments, considering economic, envi-
ronmental and social aspects.

The criteria of eco-energy anthropopressure
constitute the basis in preparation of analyses,
case studies and guidelines for planning new un-
dertakings. The positive trend of anthropopres-
sure is a boundary condition verifying the cor-
rectness of eco-energy engineering develop-
ment.

The holistic concept of space should be the basis
of a new methodology of forming agricultural
landscapes with sustainable development condi-
tions.

Application of enzymatic indicators that enable
the quantification of anthropogenic transfor-
mations and ecological results of protective
measures related to the production of renewable
energy allow for long-term monitoring and the
identification of trends.
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