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Abstract:

Agricultural anaerobic digestion plants have relgem¢come a typical part of rural landscape in the
Czech Republic due to massive governmental sulwveptiogrammes. Yet, their potential as an
effective tool how to response to global climataruhes at a local level is rather underused (maize
used as a primary input mainly, usage of waste isdamited etc.). This situation is caused by
misguided subvention policies. The aim of this cbution is first to analyse the agricultural
anaerobic digestion plants in the rural space @Mloravian-Silesian Region, and second, to
deepen the knowledge on the perception of the tiageglants among the population of
municipalities in which such facility was constreidt A questionnaire survey has been carried out
in three model municipalities (n=369) located ie Moravian-Silesian Region. Several
recommendations and notes for public administraaioeh potential investors concerning the
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location of future anaerobic digestion plants prt§eand settings of supportive programmes have
been defined.

Keywords:
Agricultural AD plants, Czech Republic, rural geaginy, spatial distribution, perception,
acceptance

Introduction

The total amount of energy that is consumed irGhech Republic oscillates annually around 70
TWh. Despite a slightly decreasing tendency inrtagonal electricity consumption (by 1,9 % in
comparison to 2010), which is probably caused bgcant sharp increase in energy prices, the
discussions about breaking the limits for coal mgnin the Czech Republic are getting stronger.
Coal still belongs to one of the most importaniary sources of energy covering almost two-
fifths of the electricity generated in the CzeclpR@ic, and providing jobs to almost 23,000
people. On the other hand, the extraction of cea aon-renewable resource of energy in suitable
natural conditions and at a reasonable cost isdomiand it causes indisputable huge social and
environmental implications (Frantal, 2016; Framtatl Novakova, 2014; Setti and Balzani, 2011).
Thus, coal extraction using up-to-date technologididast merely several decades, while the costs
for negative externalities related to mining areremous (Morrice and Colagiuri, 2013). A question
arises then, how the coal, representing an impbstaurce of energy, might be replaced. In the
Czech Republic, nuclear energy is very popularagition (its share in the energy mix of the
Czech Republic has increased from one-tenth ta ane-fifth in the last quarter of a century), yet
this type of energy raises plenty of controversatsted to both the safety of its operation and the
storage of radioactive waste (Pasqualetti and Rgad996; Fiorini, 2014 or Frantal et al., 2016). |
seems that an effective use of renewable energga®or utilisation of waste energy (Zechina,
2014) might be an option, and it could partiallguee the dependency of the country on
exhaustible resources of energy. Yet, there isassiet of barriers when generating renewable
energy (Foxon et al., 2005). Despite its environtaldmenefits, it has to be stressed out that there
have been a plenty of scandals accompanying thel@@went of renewable resources applied in
the Czech Republic, resulting from the recent misgui supportive policies (Suchacek et al., 2014)
and thus, the image of renewable sources has peficantly damaged among the public.
However, their environmental benefits when locatexperly (Van der Horst, 2007) and used
reasonably in the context of adaptation to onggiotal climate changes, are obvious.

One of the renewable energy production systems avhesefits (along with the difficulties
associated with their operation) might be claimetianly by their operators but also by rural
population, are anaerobic digestion (AD) plantse @m of the paper is i) to evaluate agricultural
AD plants in the Moravian-Silesian Region (the Gz&epublic) from the perspective of their
location, installed capacities, agricultural hifded, the type of the operator and socio-economic
characteristics of municipalities of their locatid® AD plants); ii) to assess how three agricaltur
AD plants (Pustejov, Hodonovice/Baska, Lodenice#idolice) in the Moravian-Silesian Region
are perceived by its local population. In its fipakt, the paper formulates suggestions for public
administration, and potential investors for AD pfaare proposed so that the potential of
agricultural AD plants for the sustainable develepirof the areas is developed as much as
possible and at the same time, its negative impacthe environment and local population are
minimised.

Theoretical framework

The issue of renewable resources of energies fgregenvith a plenty of potential research topics
for human geographers. We may assume that geogeaphgcience that investigates its spatial
consequences, relations and dependencies amonglratd social environs can provide us with
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suitable methodological tools how to evaluate tdwation suitability of individual renewable
energy production systems under the given circumsst& Such approach is of no use unless the
locations of renewable energy production systeraslasigned in such a way that they consume as
much energy potential as possible and at the sianee their negative impacts on social environs of
communities are reduced (Devine-Wright, 2009). Tay, the location of certain renewable
energy production systems should always be a campeobetween the local physical-geographical
conditions and the requirements and preferenctsedbcal population (Musall and Kuik, 2011),
who will be affected by the construction and operabf the systems on a daily basis. (Kabai,
2017; Szendi, 2016).
Considering the location of agricultural AD plarttsgy are frequently situated within agricultural
farms, which produce huge amounts of agriculturadte that could be energetically processed
(Chodkowska-Miszczuk et al., 2017; Balat and B&809). Unfortunately, this is hardly the case
in the Czech Republic, , where the main input niatésr agricultural AD plants involves
purposely grown maize. This development will bedewniced in the text bellow. Obviously, it is a
subject of many controversies (see the discussiorrdiost et al. (2015) on the example of
Germany), as more than 300 agricultural AD plam@tgehemerged across the agricultural landscape
of the Czech Republic during the last decade affg¢he structure of sowing areas, which as a
consequence significantly changed in favour of psety grown energy crops (maize, rape plant
etc.).
The research on AD plants shows that the attitddieesooperators (mostly farmers) toward the
technology is significantly affected by variousttas (profit, personal visions of farming and
sustainability etc.). The key topics that may shidgeepublic and stakeholder attitudes toward AD
plant projects in a wide range of contexts aresttee(location, size and transport accessibility),
input materials (purpose grown crops, agriculturaste, households waste etc.), utilisation of AD
plants products for local needs (power, heat) hecektent of impact on its local community. As
the analyses of other renewables suggest the deersaking processes may also be affected by
various perceptions such as beliefs that the lomamunities will have a chance to participate
(Wustenhagen et al., 2007); the distributionaln@gs or the scale and sharing of costs and benefits
(Bristow et al 2012; Soland et al., 2013); trusthia intentions of policymakers, companies, and
other stakeholders and actors involved in the dgmeént and the information they provide. The
previous research also indicated higher ratedadal acceptance of anaerobic digestion plants in
the areas with a larger effect of the provided ecain benefits (e.g. small communities in less-
favoured peripheral areas, post-industrial regisitls environmental degradation, etc; see Van der
Horst, 2005).
The agriculture in the Czech Republic has beemticander a large pressure to reduce its food
production (Picha et al., 2017) and replace it wtme other, non-food activities, and so
agricultural AD plants serve as an alternative sewf income for farmers rather than representing
an environmentally friendly way how to deal witlolgal environmental problems on the local level
(Martinat et al., 2016). A shift from perceivingragilture as a pure food producer to a producer of
(renewable) energy is related to a European-wideetecy, which follows agricultural change from
its primarily production functions to post-prodwetifunctions. Such post-productive tendencies
include the diversification of farmers activities {avour of non-agricultural activities), the
extensification of their activities (as a resuliaof excessive intensification of agriculture in the
past), an increase in the added value of agri@allproducts produced on farms or a development of
environmentally friendly farming and a care fordanape (Demeny and Centeri, 2008; Ilbery,
2014). It can be generally stated that the postiyetive stage of an agricultural change (Wilson,
2001; Walford, 2003; Calleja et al., 2012; Hrusk@14; Konecny, 2014) emphasises the
importance of the products of immaterial natureilevtine former key material thesis perceived
farming as a primary food producer (Zasada, 201 $gems that the concept of multifunctional
agriculture might serve to some extent as a comig®between the above-mentioned extreme
perceptions of an agricultural change (Groot e28l07). Multifunctional farming interconnects
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both approaches (productive and post-productive)paris an emphasis on the necessity to preserve
agriculture as a food producer (Marsden and Soni2id@3; Renting et al., 2009; Tamasy, 2013;
Davis and Carter, 2014). The key function of adtige lies in providing food safety as well as
guaranteeing that other functions of agriculturk ke taken into account so that food production is
not crowded out (Holden et al., 2006).

One of the outcomes of post-productive agricultsir@gricultural AD plants operation (lg8ki et

al., 2012) or a massive occurrence of unused, aveadand neglected buildings and sites after
farming (the so-called agricultural brownfieldsvoBodova and Veznik, 2009; Smith et al., 2011;
Klusacek et al., 2013; Krzysztofik et al., 2016)cB a development gets reflected in the changing
perceptions of agricultural (and non-agricultueajivities by farmers (Zagata, 2009), public
administration or local rural population (Janeck®d@anarova et al., 2017) in various natural and
socio-economic conditions (Chodkowska-Miszczuk Sagmaska, 2013).

Methodology and data

The initial phase of this research was the devetgrof a database of agricultural AD plants for
the areas of the Moravian-Silesian Region (an af&a445 kni in the eastern part of the Czech
Republic). Basic information on individual AD plantas collected using the databases of the
Energy Regulatory Office in the Czech Repubhisviv.eru.c2 and the Czech Biogas Association
(www.czba.c2. The basic database was supplied with a setdatators to evaluate the individual
agricultural AD plants (installed capacities, tygfehe operator, input material, the location of AD
plant within the municipality) and an evaluationnofinicipalities (population growth, price of
agricultural land, agricultural regions, less faxntwiareas) in which the surveyed plants are latate
Individual indicators were collected from multieurces such as the Ministry of Agriculture of
the Czech RepublisMwvw.eagri.c3, Czech Statistical OfficeMww.czso.c, or a database of
documentations for the Environmental Impact Assessrrocess for projects of agricultural AD
plants (vww.cenia.cz/eip The collected data was accompanied by a dethditlinspection of
individual AD plants (19) in the surveyed region.

After all the necessary data was gathered and sed|yhree case study municipalities with
agricultural AD plants located in various natumatiaocio-economic conditions were selected for a
deeper research on the perception of AD plant®iéydcal population. The selection of individual
case study municipalities respected the diverditgaations, so that various locations would be
covered — such as municipalities with fertile s¢iggar beet agricultural production area —
Holasovice, Pustejov), municipalities in less faw@uareas for agricultural activities (potatoes
agricultural production area — Baska), municipeditiocated in the hinterland of larger cities
(Baska) or in more peripheral areas (Pustejov).CHse study municipalities were also selected
with respect to their rural nature, the limited plagpion number (less than population one thousand)
and diverse locations of AD plants (out of theledtarea of a municipality in case of Pustejov and
Baska; within the settled area in case of Holag)vi€o examine how the local AD plants are
perceived, the semi-structured interviews withltwal population were selected as the most
suitable method. Skilled interviewers (mostly umsrgy students) addressed people in the streets of
a particular municipality in close proximity of tliperating agricultural AD plants. A preliminary
survey was carried out during September 2014 ussmmple of ten respondents to make sure that
the questions are comprehensible and formulatadraigty. The questions in the questionnaire (or
better a guidebook on how to perform the interviewsre inspired by a set of previous studies
carried out in different countries (Lanz et al.02ZDEmman et al., 2013). The survey was carried
out in Baska, Holasovice and Pustejov during theran of 2014. The local population (older than
18 years) living in the close proximity of an agiicral AD plant was asked to express its opinion
on the operation of the plant. Out of the tota#l06 respondents, only 37 respondents refused to
participate in the survey. The sample gatheredided case study municipalities with a low
population number, a suitable structure of agecation and gender (see Table 1 for the structure
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of the sample; 123 questionnaires were collectdRlstejov, 116 in Lodenice/Holasovice, 130 in
Hodonovice/Baska). The gathered data was digithléral evaluated both separately and as one
unit to identify the specifics of the particularseastudy municipality. The representativeness®f th
sample was tested by means of Chi-square test asd@cured regarding the gender structure in all
three case study municipalities. In case of theational structure the samples from only two
municipalities meet the criteria of representatasn(Pustejov, Lodenice), the sample from the
third municipality (Hodonovice) is slightly unresentative (see Table 2 for information

concerning the representativeness of the samplead not possible to test the representativeness
of the sample relating to the age structure asgfeecategories used by the Czech Statistical Office
differ from those used by the authors of the suiftlegre is a 50% overlap between the categories
of the Czech Statistical Office and the categasiegthe authors of the survey). In general though we
may proclaim that the number of questionnairesagathfrom the elderly people is lower as the
primary concern of authors of the survey were thi@ions of economically active population (18-
65 years).

Table 1. The structure of the respondents in thase study municipalities

categories Pustejov Lodenice / Holasovice Hodonovice / Baska
(%0) (%0) (%0)
age (years) 18-26 13.0 25.0 23.8
26-35 19.5 19.0 24.6
36-45 26.8 19.8 22.3
46-55 18.7 16.4 16.2
46-65 13.8 11.2 5.4
66< 8.1 8.6 7.7
education primary 12.2 17.2 8.5
secondary 75.6 70.7 80.8
tertiary 12.2 12.1 10.8
gender male 60.2 51.7 53.1
female 39.8 48.3 46.9

Source: questionnaire survey (Pustejov n=123; Limdérolasovice n= 116; Hodonovice/Baska n= 130)

Table 2. The representativeness of the sample

Pustejov

Lodenice/Holasovice

Hodonovice/Baska

=.064

=.349

gender Chi-Square = 3.074; d.f. =1; | Chi-Square = .138; d.f. = 1; p| Chi-Square =1.148; d.f. = 1;
=.080 =.710 =.28
education Chi-Square = 5.456; d.f. = 2; | Chi-Square = 2.103 d.f. = 2; g Chi-Square = 7.895; d.f. = 2;

=.019

Note: d.f. = degrees of freedom
Source: Own calculations

Repeated Measures ANOVA was applied on three ¢adyg sites to compare the differences in the
opinions of the local population on how they peredghe agricultural AD plant before and after the
construction (i.e. during the planning period ¥& period of its full operation). The Repeated
Measures ANOVA was applied as each subject wasiateal twice (before the construction and
after the realisation) and we assume that theseds@re not independent of one another and thus
the factorial ANOVA could not be used (Quinn andbkgh, 2002). The assumption of proper use
of The Repeated Measures ANOVA were tested usimdéivene’s test (to test the normality of the
distribution of the responses in each municipaligydd the analysis of histograms and p-plots of
predicted values and residuals was employed (ittifglea possible multicollinearity and
heteroscedasticity). Multiple comparisons were oo decide which municipalities are different.
Besides, the Tukey post-hoc test for an unequasemployed, as the number of responses from
each municipality was different.

After that, the respondents were divided into twaugs — the first group (labelled as “the

discontented”) included those respondents whosaapon the local agricultural AD plant had not
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improved after its construction; the second grompscsted of the rest of the respondents (and might
be labelled as “the contented”). To find out whiabtors influence whether the respondents

identify themselves either with the first or thesed group, the logistical regression was applied.
The group was selected as a dependent variabkt€arial) and responses were used as
independent predictors. The Logit link was applesisuch an approach is quite usual in suchlike
studies (e.g. Robinson, 1998). The commonly usedgess-of-fit indices for logistic regression
models were applied (the Hosmer-Lemeshow testlamdlagelkerke Pseudd)RThe significance

of the Hosmer-Lemeshow test tells us that theresiatestical differences between the measured and
the modelled data, thus, it can reveal an inappatgmodel for our data. The Nagelkerke Pseudo
R? is a standardised form for the Cox & Snell's PgeRtland similar to ordinary least squares R

it can be interpreted as an explained variabilitthe dependent variable by variability of
independent predictors.

Agricultural AD plantsin the countryside of the Moravian-Silesian Region

As a consequence of a massive governmental supfp@mhewable energies in the Czech Republic,
the sector of AD plants experienced an enormoustirduring the last decade. If we take a look
back to the beginning of the new millennium, theege just ten of such facilities across the Czech
Republic. Nowadays there are more than 550 AD plapérating with 392.35 MWh of total
installed capacities and they annually generateertt@an 2.5 TWh of electricity. Such an amount of
energy makes an AD plants sector an important merdof electricity, with 2.6 % share in total
electricity generation in 2014 (in comparison whle year 2008 when the share was merely 0.3 %).
The biogas sector contributes by one-quarter t@kbericity generated from renewable sources
(2014), which makes this sector the most impornbeuet among the renewable energy production
systems (PVs being the second most important sectdribute by one-fifth of the generated
renewable energy). Agricultural AD plants represeitih circa 320 plants the most important part
of the biogas sector within the rural space ofGzech Republic.

When we focus on the Moravian-Silesian Region, @eate 19 agricultural AD plants in operation
in 2014 with 17.14 MW of the total installed elécitty capacity and 17.564 MW of heat installed
capacity (see the overview of individual plant§able 3 and their geographical location in Figure
1). It is obvious that the distribution of agriautal AD plants is rather uneven within the Moravian
Silesian Region. The highest concentration of adfucal AD plants (7 plants) is along the Odra
River, which is the most fertile part of the regitvess important clusters are located in the wester
part of the region outside Opava city (2 plantand¢ city (2 plants) and Osoblaha city -
representing one of the most peripheral partsefégion. In the eastern part of the region, the
occurrence of agricultural AD plants (Stonava, Bas#korni Tosanovice) is just sporadic. Here, the
AD plants located on wastewater treatment plargsvare crucial (due to high population density
in the wider Ostrava agglomeration). If we direct attention to the municipal level, the largest
agricultural AD plant by far is located in the fetagricultural area in Pustejov (with the instdll
capacity of 1,680 MW, southwest of Studenka), wthike smallest agricultural AD plants can be
found in the submountain conditions in the proxynat Vitkov (with installed capacities around
0,500 MW). A unique example of agricultural AD plasin Velke Albrechtice (near Bilovec — see
Figure 1), where two agricultural AD plants (theedt ones, built in 2001) are part of a large pig
farm (11 000 pig heads), where pig manure is etieedly processed. The above-mentioned
biggest AD plant in Pustejov also belongs to onthefoldest AD plants in the region (since 2007),
while the most recent plants (built in 2013, thpart for new AD plants stopped since then) are
located in the less favourite conditions for agtioal activities with somewhat smaller installed
capacities (around 0.5 MW).



Table 3. Basic characteristics of agricultural plants in the area of the Moravian-Silesian Region

name of AD | type operator | electric installed| heat installed| municipality/municipality | start of
plant (legal capacity capacity with extended powets operation
form)* (MW) (MW)
Bilov agricultural Ltd. 1.487 1.472 Bilov/Bilovec 023
Bohusov agricultural Ltd. 0.800 0.781 Bohusov/Krnov 2012
Dolni agricultural Ltd. 0.780 0.712 Dolni Tosanovice/Feye 2008
Tosanovice Mistek
Hodonovice | agricultural PLC 1.186 0.697 Baska/FkyNtstek 2011
Dubnice agricultural Ltd. 0.750 0.696 Horni Beng&yuntal 2010
Jesenik nad| agricultural PLC 1.189 1.177 Jesenik nad Odrou/Navy 2012
Odrou Jicin
Jicina agricultural PLC 0.760 0.750 Stary Jicin/Mdicin 2012
Kylesovice agricultural PLC 0.550 0.629 Opava/Opava 2013
Lodenice agricultural Coop. 1.090 1.016 Holasovigsva 2010
Rusin agricultural Ltd. 0.550 0.580 Rusin/Krnov 301
Stonava agricultura Phys. 1.380 1.313 Stonava/Karvina 2008
pers.
Suchdol agricultural Ltd. 0.590 0.655 Suchdol nattdd/Novy 2008
Jicin
Uhlirov agricultural PLC 0.526 0.532 Uhlirov/Opava 2012
Uvalno agricultural PLC 0.550 0.580 Uvalno/Krnov 130
Vetrkovice agricultural Coop. 0.526 0.538 Vetrka/i¢itkov 2010
Velke agricultural PLC 0.900 1.242 Velke Albrechtice/Ribx 2001
Albrechtice
Velke agricultural PLC 0.860 1.202 Velke Albrechtice/Ribx 2001
Albrechtice
1
Klokocov agricultural Ltd. 0.986 1.234 Vitkov/Vitko 2006
Pustejov agricultural PLC 1.680 1.758 Pustejov/iaio 2007

Source: Energy Regulatory Officenyw.eru.c3, Czech Biogas Associatiom{vw.czba.c
* Joint stock company (Jsc.), Public limited compéPgL), Cooperative (Coop.), Physical person (Phgss.)
™ Municipality with extended powers — administratilistrict



Figure 1. Spatial distribution of agricultural ADapts in the Moravian-Silesian Region (2016)

SPATIAL DISTRIBUTION OF AGRICULTURAL AD PLANTS
WITHIN ANALYSED AREA
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When we consider the population numbers of muniitieg with the surveyed agricultural AD
plants (see Table 4), we can notice that one-lialHeosurveyed facilities is located in the
municipalities with the population less than oneugand, eight AD plants in small settlements
(villages and towns) with the population no morartisix thousand, and only one plant is situated in
the immediate hinterland of a larger city (an ARrglin Kylesovice, which is Opava city part with
the population of circa 58 thousand). The majarityhe surveyed agricultural AD plants are
primarily concentrated in the rural areas, wheeg thre expected to be closely linked to the local
agricultural activities. Yet, as we will see bellavis not always the case.

The most common legal form of operation of the syed agricultural AD plants are agricultural
business companies (PCL, Jcs.), two plants areectatipes, and only one AD plant is operated by
a physical person (not a company) in Stonava.dttbde stressed out that the differences in legal
forms of operation of AD plants are in fact insfggant, since due to their historical preconditions
the surveyed farms are usually large companie(fvementioned farm in Stonava
administratively operated by a physical persondrasnd 650 hectares of agricultural land). The
rest of the three agricultural AD plants are opsttdily a company with no links to local agricultural
activities.

Table 4 provides us with a comparison of local@gdtural conditions in the hinterland of the
individual agricultural AD plants. Eleven statioa® located in the most fertile agricultural
production region (the sugar beet agricultural pation region), four of them even in the most
fertile subcategory of this agricultural regionragahe Odra River. By contrast, the rest of the AD
plants (8 plants) are locatedtimeagricultural conditions of below-average qualitg, potato
agricultural production region (in case of Dolnisemovice and Hodonovice, it is a subcategory
with the soil of the worst quality). Consideringetadministrative price of agricultural land (which
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evaluates solely the quality of agricultural lamithout considering its market attractiveness), we
can notice a wide span between the highest anidwrest price (almost 10 CZKAwf agricultural
land in Lodenice in Opava lowlands or Rusin in Qabh, and at the same time very low values in
Dubnice by Horni Benesov, Klokov by Vitkov or Hodonovice by Baska, where the gric
oscillates around 2 CZK/of agricultural land).

Let’s concentrate now on agricultural AD plantsaked in the areas with the so-called less
favourite conditions for agricultural activitiesn{y six of the surveyed plants are located in such
bad agricultural conditions that they have to hgpsuted by a specific EU Common Agricultural
Policy subvention system (Bilov, Hodonovice, JiciDaibnice, Vetrkovice, Klokocov). Which
leaves us with two-thirds of the surveyed agriqaltAD plants that are located in the areas with at
least average agricultural conditions for farmiRggarding the location of AD plants, just half of
them are located out of the settled areas of mpaities. In other words, nine agricultural AD
plants were constructed within the settlementsdhé immediate proximity of the settled areas (in
the areas of large agricultural farms).

Table 4. Selected socio-demographic and agricultlvaacteristics of municipalities in the
Moravian-Silesian Region where agricultural AD ptaare located

name of AD population | population agricultural price of less location of
plant number density production agricultural land| favourite AD plant
(2015) (population/km) | region (APR) | (CZK/m?)™ areas within settled
(LFA)™ part
Bilov 589 53.9 potatoes 2 4.61 04 yes
Bohusov 385 19.7 sugar beet 7.96 out no
Dolni 331 86.2 potatoes 3 411 out no
Tosanovice
Hodonovice 3756 289.4 potatoes 3 2.33 02 no
Dubnice 2296 39.9 potatoes 1 1.89 02 no
Jesenik nad 1939 66.2 sugar beet 3 7.06 out no
Odrou
Jicina 2785 81.1 potatoes 1 3.21 03 yes
Kylesovice 57772 640.7 sugar beet P 6.19 out yes
Lodenice 1366 84.7 sugar beet [L 9.82 out yes
Rusin 150 10.4 sugar beet 1 8.67 out yes
Stonava 1898 133.7 potatoes 2 6.26 S1 no
Suchdol 2598 112.4 sugar beet 3 6.85 out yes
Uhlirov 338 87.9 sugar beet 2 7.20 out yes
Uvalno 975 67.2 sugar beet 1 5.87 out no
Vetrkovice 745 42.1 potatoes 1 4.27 04 yes
Velke 1077 80.5 sugar beet 3 6.67 out no
Albrechtice
Velke 1077 80.5 sugar beet 3 6.67 out no
Albrechtice IlI
Klokocov 5825 108.0 potatoes 1 2.15 02 yes
Pustejov 988 115.4 sugar beet 3 6.00 out no

Source: Czech Statistical Officenfrw.czso.c3, Ministry of Agriculture of CZ ywww.eagri.c3, field research

" agricultural production region (APR) — agriculturagionalisation of the Czech Republic based on-agological
and economic conditions of the area

™ price of agricultural land — administrative priceagricultural land that takes into account just soil quality (not the
market attractiveness), governed by the Ministrf@asure of the Czech Republic

™ less favoured areas (LFA) — Common Agriculturali®oechanism for maintaining the countryside ieaarwhere
agricultural production or activity is more diffitubecause of natural handicaps

It is obvious that the type and the amount of inpaterial for agricultural AD plants belong to the
crucial elements which should be selected carefallyroduce energy effectively, but also to ensure
that the negative impact on the local populatioediced and the environmental benefits of AD

plants operation are utilised. Table 4 illustratesstructure of input material for agricultural AD
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plants as declared by the operators during the@mwiental impact assessment process, i.e. during
the permission process. Since the permission fam@waidual AD plant is issued for the given
structure of input material, we may assume thatrthet material, as it will be illustrated bellow,
reflects the reality to some extent. The documentatassessing the environmental impact of AD
plants were available for 15 plants (out of 19)jahhis enough to perceive it as a representative
sample.

The 15 surveyed agricultural AD plants are assutoethnually consume 414 thousand tons of
biomass. Almost one-third out of this amount (31&4gounts for purpose grown maize, followed
by cow (23 %) and pig (22 %) manure. Grass silagehay (10.5 %) and sugar beet chips as the
remains of sugar beet processing (6.6 %) are natirodr importance either. As it is obvious from
Table 5, the diversity of used input material ige|big, nevertheless, all of the above-mentioned
input materials represent more than nine-tenthkefotal material used for feeding of the surveyed
AD plants. As we can see above, agricultural wessée important part of the input material, yet
agricultural AD plants in the Moravian-Silesian Regannually consume more than 128 thousand
tons of purpose grown maize, which represents ald®8b6 of the total harvest of maize (green and
silage) in this region. In three cases the useedals (barley, triticale) as an energy source was
detected, its production reaching to an annual atoful3 thousand tons (in the most fertile areas).
The operation of agricultural AD plants thus afgesignificantly the structure of sowing areas of
maize in the Moravian-Silesian Region. Only two otiall surveyed agricultural AD plants did not
prove to use maize as input material (Vetrkovicelk¢ Albrechtice), while an AD plant in

Bohusov consumes maize alone, and three othewu#gral AD plants proved to use maize as a
decisive input material (more than two-thirds o tbtal). Considering the variety of the input
material, the maximum of 6 different types of mitiewere identified in case of AD plant Velke
Albrechtice and 5 types in case of three AD plgiKidesovice, Baska, Pustejov). The AD plants
next to Bohusov (1) in Rusin and Uhlirov (2) malse wf a limited variety of the input material.
Agricultural waste accounts for the majority of inpnaterial for agricultural AD plants in nine
cases, in four cases purpose grown crops prevaiiy8ov, Rusin, Jesenik nad Odrou and Bilov), in
two cases the structure of wastes and the purposeagnaterial is equal. We can state that in
agricultural AD plants located in the areas wittoad soil quality the energy generation based on
purpose grown crops is preferred, while in AD pgaintworse agricultural conditions the utilisation
of agricultural wastes prevail. Yet it seems thé hypothesis depends more on the decisions of
the operators and is based on the economic efé&ss rather than on the location of the given AD
plant from agricultural and environmental poinvagw (for example the AD plant in Bilov is
located in average agricultural conditions anagsration is primarily based on maize). It seems
that the intentions of the operators of agriculté@ plants are quite diverse and the idea of
improving the environment through the energy usagpicultural waste is of minor importance.
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Table 5. The structure of the declared input maltefi agricultural AD plants in the Moravian
Silesian Region (selected caseés %)

AD plant | maize | cow | pig grass | sugar | cereals| sludg| rests | meat | distille | vegeta- | total
/ material | for ma- ma- silage | beet e of and | rs ble oil
silage | nure | nure | and chips from | plant| bone | soluble
hay wood | s meal | s
pulp
Bilov 654 | 22.0 0.0 12.6 0.0 0.0 0.G 0p 0/0 00 00 100.0
Bohusov | 100.00 0.0 0.0 0.0 0. 0.0 0.p 0.0 0.0 00 .0 0] 100.0
Baska 18.6| 14.9] 44.6 6.5 0.¢ 0.0 00 15.4 D.0 00 .0 g 100.0
Dubnice 448 32.1 0.0 14.3 8.9 0.0 0.p 0.0 0.0 00 0.0 100.0
Jesenik
nad
Odrou 64.5| 10.0 0.0 13.0 0.0 12.5 0.p 0.0 0.0 00 .0 0] 100.0
Jicina 8.2 70.6 0.0 19.9 0.0 0.0 D 1 g.0 00 0 0f 100.0
Kylesovi
-ce 18.0| 545 0.0 4.3 1.7 21.5 0.0 0,0 g.0 0/o 0]/0100.0
Lodenice| 37.1 0.0 37.1 0.0 258 0.G 00 g.0 0.0 0.0 0.0 100.0
Rusin 87.7 0.0 0.0 12.3 0.0 0.0 0.0 0,0 g.0 0/o 0/0100.0
Stonava 36.8 0.0 42.4 3.0 17.9 0.¢ 0o 0.0 D.0 g.0 0.3 100.0
Uhlirov 41.3 | 58.7 0.0 0.0 0.0 0.0 0.G 0p 0/0 00 .00 100.0
Uvalno 476 | 294 0.0 7.5 15.6 0.0 0.0 0,0 g.0 0/0 .0 0] 100.0
Vetrkovi
ce 0.0 41.7 0.0 50.0 0.0 0.0 0.0 8|3 0.0 0/0 0/0 0.ap
Velke
Albrechti
-ce 0.0 0.0 60.1] 20.2 2.4 0.0 9.6 0/0 3.8 3.8 0/0 00.a
Pustejov | 19.4| 25.8 25. 0.0 194 9.7 0/0 0.0 D0 0 . 0.0 100.0
Total 31.0| 22.7| 21.6 10.5 6.6 3.1 1.8 114 Q.7 07 .0 0] 100.0

Source: Environmental Impact Assessment (EIA) dantations for individual AD plantsfyw.cenia.cz/eip
" Documentations for EIA process were available foistL5 (out of 19 in total) AD plants; the sharewadter necessary
for mixing the material is not included

The perception of agricultural AD plantsin model areas

Let’s focus on the perception of agricultural ARk by its population in case of three
municipalities in which AD plants are located. Tlespondents were asked to express their
opinions on the local agricultural AD plant befaiseconstruction (during the planning period) and
after the realisation of the AD plant project (& time of its full operation). By comparing the
responses we might be able to measure the diffesenadhe perception of AD plants between the
two mentioned periods and to evaluate the diffezsramong the individual cases.

To learn more on case study AD plants, specifigelafining, construction and operation of
individual AD plants were ascertained in the laoalvspapers and media, which were followed by
interviews with the operators of the given AD pkand its local mayors to identify and verify the
driving forces and hints of the various levelstd perception of individual AD plants. Three case
study municipalities with AD plants (Pustejov, Loase/Holasovice and Hodonovice/Baska — see
their location in Figure 1) were selected to cawnerdiversity of various types of natural,
agricultural and locational conditions for opergtiof agricultural AD plants.

It was found out that during the planning periodra surveyed agricultural AD plants a scepticism
toward their operation was detected in case of hm#¢Holasovice (almost 47 % of the
respondents perceived this plan in a negative wagdntrast to Pustejov, where just one-third of
the respondents were discontent (see Figure 23.mhAy be interpreted as a consequence of the
planned location of AD plants. In Lodenice/Holas®yithe AD plant was meant to be located in a
settled part of the municipality, while in Pustejptye planned location was outside the settled part
of the municipality It was in Pustejov where the most positive expamtatconcerning the planned
AD plant were met (28 % of the respondents supddhs idea). When we compare this with the
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opinions of the respondents on the local AD pldigrats construction, some important specifics
can be also seen in case of Lodenice/HolasovieeHggire 3). While in Loghice/Holasovice just
18 % of the respondents changed their opinion ateutocal AD plant, in case of Pustejov and
Hodonovice/Baska the percentage was much highmo&lone-third of the respondents). This
result resonates with the location of the local plBnts in Pustejov and Hodonovice/Baska, where
both plants are situated in more peripheral aré&seamunicipalities, where the quality of life of
the local population cannot be affected (in Pust@jst 4 % of the respondents perceived the
changes that brought the local AD plant along negative way). The fact that 60 to 70 % of the
respondents did not register any significant charmfyging the operation of AD plants is also
noteworthy. A relatively lower share of such respemts was found in case of Hodonovice/Baska,
where the polarity of opinions concerning local Alant seems to be stronger (the support for the
AD plant is balanced here, it is perceived bothtpady and negatively here).

Figure 2. The perception of agricultural AD plaimsase study municipalities (Pustejov,
Lodenice/Holasovice, Hodonovice/Baska) as perceiltethg the planning phase

Pustéjov Holasovice Hodotiovice

M positive
M negative

neutral

Source: questionnaire survey (n=368)

Figure 3. The perception of agricultural AD plaimsase study municipalities (Pustejov,
Lodenice/Holasovice, Hodonovice/Baska) as percetlethg the operation of the plant

Pustéjov Holasovice Hodomovice

M better

Wworse

nachanges

Source: questionnaire survey (n=368)

After evaluating the frequencies of answers mophsticated statistical methods were employed
to detect stronger results. Based on histogramp#ots; and negative results of the Levene’s test we
can conclude that the data are suitable for usiadgRepeated Measures ANOVA to analyse the
combined influence of the locality and time on ¢penions on the local agricultural AD plant. The
difference is not so huge, but unequivocally stiaidly significant. The mean value of the
acceptance is significantly higher after the reaio of the AD plant than before its construction
Hodonovice and Lodenice. The mean value of thepdanee is higher in Pustejov (see Table 6 and
Figure 4). On the other hand, there is no diffeednetween times of measurement among localities
studied, thus the trend of the change is the sara# three localities.
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Table 6: Results of Repeated Measures ANOVA.

Effect SS d.f. MS F D
Intercept 6310.446 1 6310.446 5332.249 0.000
Municipality 14.194 2 7.097 5.997 0.003
Error 433.142 366 1.183

Time 22.419 1 22.419 42.354 0.000
—

It';"e municipg 4 063 2 0.532 1.004 0.367
Error 193.736 366 0.529

Source: Authors” processing

Figure 4. The means of the value between the apsnom local agricultural AD plant before its
construction (during the planning period) and atfter realization of the AD plant project (at the
time of its full operation) and among the locabtgudied. The means with the same letter do not
differ significantly — p > 0.05 based on Tukey pbst test for an unequal n.

3.6
34 ¢t
c
32}t bc be
30}
c
ie] ab
c
5
2.8}
a
2.6 |
24 | |
=% Iocal
Pustejov
2.2 - . =& |ocal
before after Lodenice
=% local
Hodonovice

Source: Authors processing

Using the logistic regression, the affiliation bétrespondent to ,the discontented” grougiven

by the fact that the respondents are from Lodemicefrom Pustejov. Age, education and gender
are not statistically significant predictors foettlivision of the respondents into the two analysed
groups. Our model has an adequate fit, as the Hekemeshow test criterion is 13.517 with p-
value 0.100. The value of pseudo R2 is 0.15 (s&éeTafor the results).
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Table 7: The model of the dependency of the afiidirato ,the discontented” group of the
respondents after the realisation of the AD plant.

Estimate Standard W‘?"O! p
Error Statistics
Intercept -2.12 0.985 4.649 0.031
Education 0.102 0.272 0.140 0.708
Age 0.017 0.014 1.520 0.218
Pustejov -1.026 0.364 7.956 0.005
Lodenice 0.934 0.318 8.640 0.003
Do you work in agriculture? Yes 0.109 0.471 0.054 0.816
Gender — male 0.295 0.232 1.620 0.203

Source: Authors” processing

Thedriving for ces of the acceptance of the AD plantsin model areas

To explore the factors or the driving forces timdiiuience the acceptance of the studied AD plants,
the interviews with the operators of the given AlBnts and the mayors of three municipalities
were carried out.

The factors that significantly caused a higherlle¥gositive perception of the local agricultural
AD plant in Pustejov might be summarized in sevpaahts: i) the AD plant is located in the
peripheral part of the municipality; ii) the petiti against the AD plant construction was drawn up
during the planning phase, and only a couple ofdamts occurred during the operational phase;
iii) only limited population live in the immediaoximity of the plant; an elongate shape of the
settlement ensures that the other part of the npality population is not affected by no means; iv)
input material for the AD plant is transported byoad which runs outside the settled areas, so the
bad impacts such as dust and noise are reduc#tk @perator in cooperation with the
municipalities provides regular cleaning of thedoldowever, it is still controversial that the
original promise of the operator of the plant, whieas to ensure cheap supplies of energy for its
local population, was not observed.

In case of Lodenice/Holasovice, where the localkcagural AD plant was perceived in a less
positive way, the following factors can be detecteduring the planning phase of the AD plant
construction a petition against the constructios signed by the local population (a noticeable
distrust toward the AD plant was expressed astdtreSbad experience with the operation of an
AD plant in near Klokocov, but the petition was talten into consideration); the AD plant emits
odours in the day time, some respondents commérgaging that the odour is much stronger than
from the former piggery; iii) one of the conditioftg getting the permission for building the AD
plant was the necessity to build a special roaktoe just for the AD plant (by 2015) that would
divert the increased traffic from the settled mdrthe municipality (such road has not been built
yet); iv) a significant increase in traffic in teettled part of the municipality was experienced as
result of regular material transport for the ADrlav) local roads are frequently soiled by the
transported material. To create a complete imadlkeoAD plant in Lodenice/Holasovice, it is
necessary to mention that in Holasovice anothephddt is located, based on the local landfill (2
kilometres to the north-east of Holasovice).

The AD plant in Hodonovice/Baska, where the magtificant polarisation of opinions of the local
population toward AD plant was detected, might bsadibed by the following factors: i) the
municipal council agreed to have an AD plant wittiia area of the municipality after their earlier
aloof attitude, which had changed after a visiti®nearby AD plant in Stonava,; ii) a public
hearing regarding the construction plan was orgahiagether with the presentation of
experiences with the AD plant operation in Stonaiethe public hearing was followed by the
permission of municipal council with the AD plamnstruction; iv) the municipal council respected
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the opinion of the local population; v) an odoun te noticed occasionally in the proximity of the
station (the plant is located outside the settled af the municipality); vi) strong fears were
connected with a potential disruption of the |acalrism by operation of an AD plant; vii) during
the same period when an AD plant was being cortstiluthe sewage system was built in the
municipality; viii) the local media have recentlgened the issue of an excessive usage of digestate
(one of the side products of anaerobic digestisaedwas a fertilizer when mixed with water) on
local fields.

If we try to generalize the knowledge on the Idealors that affect the attitudes of local popuwlati
towards AD plants which we acquired from the thabeve mentioned cases, the following points
can be defined: i) it was frequently stressed lbat the odour from the manure which was
previously transported to the local fields was gigantly reduced when the AD plant started to
operate; ii) the farms where AD plants are locatsdally belong to one of the most important
employers in the municipality (however, an AD plastially requires no more than 1 or 2 persons
of the maintenance staff); iii) the economy of thens would worsen without an AD plant
operation; pig and cow breeding would be reduceeér@ors support their agricultural activities
from the profits of biogas); iv) arable land wouémain fallow in greater extent without the AD
plant operation (maize growing).

Concluding remarks

Since the accession of the Czech Republic to tmed&an Union, we have been experiencing a
massive growth of installed capacities of AD platsoss the countryside due to the significant
governmental support. The operation of these fasligenerates undisputed benefits regarding the
economy of the farms (representing an alternatidestiable source of income for the farmers),
social aspects (employment in the countryside)eandronmental aspects (energy processing of
agricultural wastes, strengthening of the enerdfyesgiciency of the countryside). Yet, it is also
necessary to understand the negatives of the ARdptanstruction and operation, which might
heavily influence the quality of life of the logabpulation (increased traffic in the municipality,
possible odour). It is also necessary to statethigaimentioned benefits might be under certain
circumstances transformed into not so positivedsgffior example a massive use of purpose grown
maize and consequent crowding out effect on foodywstion etc.). Thus, it would be desirable
when setting the supportive schemes for AD pldmswider interests of society and local
communities were taken into consideration, not dinéyinterests of farmers/operators of AD plants.
An adjustment of parameters of existing supponpregrammes is necessary to avoid unintended
consequences of their operation. In the Czech Rigphle subvention programmes for AD plants
were stopped at the end of 2013, and so excepétherement to use 10 % of the waste heat of the
AD plants no other environmentally friendly setsraye part of the system anymore. It would be
useful to adapt the individual AD plants to thedbagricultural conditions regarding the input
material, the size of the plant and the possibsito use effectively as many products of the plant
as possible (e.g. heat). It is obvious that sucttept would require some investments into the local
heat infrastructure, yet it could make AD plantefukfor the environment and the local
community, too.

It is the local rural population who live in theogimity of the AD plants. Thus, it is necessary to
learn more about their opinions, attitudes andegpegfces regarding the AD plants. The aim of this
paper was to evaluate the regional and local spsaf agricultural AD plants operation in the area
of the Moravian-Silesian Region (with a close l@ikhree selected case studies - Pustejov,
Hodonovice/Baska, Lodenice/Holasovice). It was fbont that within the studied region nineteen
agricultural AD plants operate in various agrictadiconditions. Several spatial clusters of
agricultural AD plants were identified (an arearg/dhe Odra River, Krnov area, Opava area,
Osoblaha area). AD plants are localised in agucaltproduction regions (APR) suitable for the
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production of sugar beet (with soils of a greatliggjeand potatoes (with soils of not so good
guality) in areas of high and under-average adrmnatise price of agricultural land.

It is apparent that the basic requirement for ss&fcé operation of an agricultural AD plant from
the point of view of the rural development is toxinaise the benefits for its local population and
minimise the impacts on the quality of their liviishas to be considered though that a big
investment implies certain effects (both positine aegative), whose level of usefulness (or
noxiousness) is driven by different points of viefaactors and might be evaluated very differently
by various types of population. It is obvious tta population that lives in the immediate
proximity of an AD plant is more critical to thefe€ts of its operatiar¥et, a suitable location of

AD plants (primarily outside the settled areas ohinipalities), respecting the geographical and
social conditions of the area, the proper techriofdgnanagement and compensations toward the
affected population (supplies of cheap electriaitgl heat) might lead to a mutual consensus.
Based on the knowledge gained through the reséarchbvious that a higher level of support for
AD plants is in municipalities where the constrantplans of AD plants were regularly consulted
with its local population, and where cooperatiomd@utual trust) between the operator of the plant
and public administration occurs. It is also obgidom the results of the questionnaire survey that
examples of good (or not so good) practices anéngxpce of the population and public
administration s other municipalities have a sigaiit impact on forming the attitudes of the
population on AD plants. This factor might be caldor the further development of an AD plants
sector and ought to be researched more in deplicah regional, national and international levels.

The research was kindly supported by the Grant Agehthe Czech Republic ‘Exploring socio-
spatial diffusion of renewable energy projectshi@ €zech Republic: lessons for adaptive
governance of energy transition‘ (16-04483S).
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