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Abstract. The new project of the Polish Energy Policy urg40 presents a comprehensive vision of
modernization of the country’s energy system. Ohé¢he directions is to develop a diffused energgtam
based on energy clusters at the local and subnalgrale. Clusters are expected to increase rétewaergy
production and consumption mainly in rural areaswell as improve the quality of life of local comnities
and ensure sustainable livelihood. Effective deliien and strategic management of energy clustersld be
based on evidence-based analyses. Therefore, mheofaithe paper is to assess the spatial and tempora
diversification of energy use in Poland in conmattio socio-economic drivers from 2004 (Polish asde the
European Union) to 2017. The 314 poviat units (tpuare examined (NUTS 4 level). Multidimensionaital
exploration and geovisualisations are performech wise of an innovative location intelligence systefmn
combined geographical information systems (GIS) hnsiness intelligence (BI) software. The papes@nés
the multivariable data analysis and mapping ofaetkindicators of: (1) consumption of low-voltagjectricity
per capita in rural households, (2) population Ige @nd (3) place of residence, (4) residential dngis
development, and (5) economic growth reflecteddrspnal income taxes. The obtained results suppgidnal
policy makers in energy clusters’ location and tisgiategic management. The results of the studyeaused to
mitigate disproportions between regions affectedubgustainable suburbanisation, depopulation amingg
society, continuous growth of energy consumptiowels as economic inequalities. The study was edrdut at
the beginning of 2019 as an input for public disims on ongoing works on the project of the Polistergy
Policy until 2040.
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Introduction

Global declarations, regional strategies, and natipolicies indicate that we are at the threshold
of a new era in the energy sector [1]. It is foesthat fossil fuel extraction may be limited ie thext
15 years [2]. Changing the electricity market regsiia new approach to energy policy. Traditional
energy management systems need to be enhancedviyonecentralized production and distribution
models [3]. Designed systems should have the dypswimitigate negative trends of increasing
energy costs and energy poverty [4]. Another chglieis adaptation to climate change of the ageing
population [5-9]. Formulating strategic instrumeatsl defining priority areas of support should be
based on evidences and the policy integration jpli@¢10;11].

At the end of 2018 the Polish government adoptedditaft of “Energy Policy of Poland until
2040". The strategic document establishes sham-tgwals, such as the development of renewable
energy sources (RES) in rural areas and the leagtlaped regions. As Poland declares reaching a
21 % share of renewable energy in the final eneg@ysumption in 2030, such actions need to be
implemented. The strategy states literally ihadrder to use the RES potential in a manner winch
safe for the system, energy clusters and energpecatives(poviat or 5 municipalities) will be
created, which should ensure balancing at the Idea&l, by linking various technologies to energy
storage capacities. Individual use of renewablergnsources should also be accompanied by energy
storage[12].

Rural areas in Poland, similarly to cities, develmgler strong anthropopressure [13]. The main
environmental problems include water and sewageagement [14], air pollution caused by heating
houses [15], waste utilisation [16], soil and lgrdtection [17-20]. At the same time, rural spage i
recognized as an important component of the renleweatergy scheme [21]. The energetic potential
depends on natural resources as well as on lataktructure and the economic potential [22], which
are influenced by the proximity of large cities {23]. Per capita income is recognised to have a
statistically significant impact on the total numioé RES [26].

DOI: 10.22616/ERDev2019.18.NC 1372




ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 22.-24.05.2019.

Implementation of environmental and energy poligieguires the integration of cross-sectoral
activities [27]. Land ownership and structural opesin rural areas are subject to free market rules
[28]. Local development involves many stake holdi8]. In this situation it is necessary to
counteract social conflicts related to spatial daddscape management [30;31]. This challenge
requires the development of socio-environmental sowo-energy decision support systems [32;33].
Locally-oriented decision-making models are basedlifferent approaches, such as artificial neural
networks [34;35], cellular automata [36] randomefir [37], satellite imagery assessment [38],
terrestrial laser scanning [39] or probabilistic dabling [40]. Another approach is the GIS-based
location modelling [41-43], which is a combinatiohthe geoscience and computational tools and can
effectively support the sustainable planning preddd;45].

The aim, materials and methods

The aim of this work is to assess the spatio-tealp@iationship between the diversification of
energy consumption and socio-economic charactsisti support regional policy makers in energy
clusters’ location and their strategic managemEm. study examines the interplay between emerging
social phenomena like aging society, energy poyentian sprawl, together with spatially-related
changing energy demands. The paper presents alimdtisional data analysis, k-mean geographical
clustering and mapping of selected indicators:l¢%) voltage electricity consumption per capita in
rural households, (2) population by age and (3 elaf residence, (4) housing development, and (5)
economic growth reflected in taxes on personalnmecAll 314 rural poviats in Poland are subject to
analysis (the European Union’s NUTS 4 level). Tieetdimension concerns the period after Poland’s
accession to the European Union (2004-2017). Ehéstime of dynamic changes and polarization of
development processes. Multidimensional data miaimgj geovisualizations are carried out using an
innovative system of location intelligence of cocteel geographical information systems (GIS) and
Business Intelligence (Bl) software (Figure 1). Ndyn we combined ArcGIS and Tableau
platforms [46;47].
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Fig. 1.Analytical framework of location intelligence systen

Raw data were extracted from the Local Data Ban&vided by the Statistics Poland
(www.bdl.stat.gov.pl). The map of administrativeigdions of Poland was acquired from repository at
www.gugik.gov.pl.

Results and discussion

During the years 2004-2017 the average annual loltage electricity consumption in rural
households increased from 421 to 785 kWh per capit2004 the electricity consumption varied
from 48 up to 1458 kWh per capita. In 2017 the mimin value reached 462 kWh per capita, while
the maximum one was 1450 kWh per capita. The aeerdgta do not reflect the spatial variation of
energy consumption. The most significant changelégtricity consumption per person occurred in
eastern Poland (Figure 2), where in some poviasgiiowth was tenfold. The maximum relative
change was fourteen times the minimum level. Cagasre unit energy consumption decreased
occurred only in 3 poviats.
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Fig. 2.Average annual low voltage electricity consumptiomer capita in rural households in
2004-2017 and its relative change

The average population densities in rural districtthe years 2004-2017 is analysed to explain
the changes in energy consumption per capita. €gative phenomena of depopulation of rural areas
(Fig. 3) far from urban centres are noticeableth&tsame time, there is a significant inflow of pleo
into rural areas adjacent to large cities. Relatigpulation growth in the area of Warsaw, Krakow,
Wroc aw, Poznaor Gda sk-Gdynia is in the range of 40-60 %.

% change

-22,98% 64,75%

Fig. 3.Population in rural areas in Poland in 2004-2017 adhits relative change

The share of population over 65 years of age as agethanges of housing resources in rural
areas and local personal income taxes are alsideved in the analysis (Fig.4). The phenomenon of
ageing population is particularly visible in eastand central Poland. The submountainous regions of
the Sudety and Western Pomerania are also agdiegdyinamics of housing stock in rural areas show
minor negative trends, but mainly major positivamge in housing stock in Poland. Most significant,
i.e. twofold, increase in the number of flats oscur poviats adjacent to large cities (Fig.4.B)e3é
are places of dynamic spread of built-up areas anthe same time the centres of economic
development. Economic wealth is characterised bygelalisproportions in the country. Peripheral
areas are several times poorer than the richegtgd¥ig.4 C).

g Personal Income tax = 7L Aoy
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A E
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Fig. 4.Population 65 + (A), changes of housing resourcesliural areas (B),
local personal income taxes (C)
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An integrated assessment of energy consumptionpgiephic phenomena, poverty risk as well
as development processes is conducted. Locatieltigigince system allows to provide interactive data
explorations and multidimensional visual analytidge conducted cluster assessment and geospatial
visualisation for five indicator sets (Fig. 5).
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Fig. 5.Multidimensional clustering of rural areas in Polard

The results of the clustering analysis show 3 nmaiviat clusters (A, B, C). Group A includes
districts subject to strong suburbanisation. Theseareas adjacent to the largest Polish citie$, as
Warsaw, Wroc aw, Pozna Gdask. In these areas there is a significant gainhi number of
inhabitants and an expansion of housing, which meagiobal increase in energy consumption. At the
same time, these areas are inhabited by relatixing people with the highest incomes. The global
increase in the energy demand here will require smwces of production. Group B is an intermediate
area. Both changes in energy consumption and edonprocesses remain at average level. The
demographic structure is sustainable. Group C ifiesitpoviats, where the population is decreasing
and the number of older people with low incomeieasing. These areas seem to be at risk of
energy poverty, and it is advisable for public imention to be targeted at these places. The
intervention should include promotion of prosumerergy, based on networks of independent
investors [48-50]. New paradigm based on energyclor a customer-oriented network can be
introduced in a form of an energy cluster. They lbacome an efficient complementary element to the
existing system, contributing to about 30 % of fimal electricity market in Poland. The economic
benefits of the energy clusters stimulate the lecahomy, particularly in less urbanized areasatbl
is in the phase of constructing its long-term epqrglicy. One of the declared directions of aci@st
is the development of a dispersed energy systeiamded in the local network by energy clusters.
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Conclusions

This paper presents the spatio-temporal relatipndietween the level of socio-economic
development at the local level and the consumptbrelectricity assessed with the use of an
innovative system of location intelligence of coaoteel geographical information systems (GIS) and
Business Intelligence (Bl) software. The clusteramglysis identified 3 groups of poviats: suburban
cluster, middle cluster and the cluster of povia¢sng at risk of energy poverty. The presented
decision support tool can assist decision maketkdridentification of areas requiring specificrier
of intervention, as well as assessment of the lilittaof energy clusters to local conditions apgds
of energy policy. It could support integrated depshent policy implementation taking into account
disproportions between rural areas including ur@énable suburbanization, depopulation and aging of
society, increase in energy consumption and ecanoregualities.
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