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GEOGRAPHY AND SOLAR ENERGY UTILIZATION

Jan KANUK'

Abstract: Nowadays, the questions of energetic safety are frequently discussed issues. One
of the possibilities is the diversification of production of energy with more utilization of
renewable energy sources (RES). The most perspective is the utilization of solar energy
directly in urban areas, typical for their biggest demand for energy. It is obvious that
application of solar systems is dependent on qualitative analyses concerning a variety
of relevant questions (amount of energy falling down to surface, atmospheric influences,
economical questions etc.) Therefore many sciences deal with energetic utilization of
solar energy. This paper tries to find the position of geography in energetic utilization of
solar radiation.
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INTRODUCTION

Continuously increasing demand of energy, longtime improving of costs of energy
sources and energy, many problems with transportation and geopolitical instability are the
reasons, why we have to think about questions of energetic security. Additionally, in the last
time, mainly since the nineties of 20 century, a negative impact of the energy segment of
economy on the environment is also very often discussed issue, which is related primarily
to ensuring ecologically sustainability of landscape. To avoid a possible energetic crisis,
it is necessary to diversify energy production. One of the most perceptive possibilities is
to give greater scope to renewable energy sources (RES). The issue of wider use of RES
includes the priority themes of the European Union, which is included in several of its
decisions and laws. New motion in energy policy of the European Union is to increase the
proportion of energy derived from RES to 20% by 2020.

The basic starting point for finding the optimum solution of RES utilization is the fact
that the most energy consumption is in urban country, with the highest concentration of
population on a relatively small area. From the available RES the most beneficial in the
urban country may be the solar energy, for several reasons - the energy has a significant and
pervasive technological potential, low operating cost, zero negative environmental impacts
during operation, it is not entitled to a newly built area, there are also the possibilities of
interesting architectural buildings, it enables to produce electricity directly or it can be
used for water heating, or even for cooling and so on. (Kanuk, 2007) In terms of effective
use of solar energy systems and the installation (equipment producing heat or electricity
from solar radiation) the roofs of buildings seems to be very perspective.
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Although the price of solar energy systems and other related infrastructure has rapidly
decreased in the last 10 years, massive installation of solar energy systems will undoubtedly
require a significant financial investment. Therefore, significant role in a planning stage
has the quality of analysis, which should be orientated to particular aspects of spatial and
temporal distribution of solar radiation, sunshine spatial aspects of installations, technical
and technological aspects of solar energy systems, energy requirements of population,
investment and legislative support, etc.

These facts motivate researchers of many disciplines in various institutions that
have proven as accurate as possible to reflect the technological, economic, and available
potential of solar energy, as well as to streamline the actual production of energy from the
sun radiation, try to find an optimal installation models, contribute to solution of energy
security and attend to enquiries of other relevant aspects.

APPROACHES OF SOLAR RADIATION RESEARCH IN TERMS

OF ENERGETIC EFFICIENCY

As noted above, the issue of energy use of solar radiation in the urban country is an
actual topic of several scientific disciplines. Every science has its own object, research
field, methodology, paradigm system and theory. Each of them has its own different view
on solar energy utilization. This specialization of sciences has its importance, because it
is necessary to deal with many phenomena related to solar energy utilization in the urban
country (e.g., solar radiation, solar radiation transition through galactic environment and
atmosphere, the position of the Sun as a source of solar radiation and the Earth and relevant
temporal and spatial aspects, atmosphere and local climate, meteorological phenomena in
the atmosphere, solar systems and the efficiency of conversion of solar energy, power
and electrification system, construction and architecture, marketing, and demand for
solar energy systems, legislative and investment promotion, energy consumption and
psychological aspects of RES equipments - NIMBY syndrome). These aspects of solar
radiation usage and installation of solar energy systems are vitally dependent on developing
high-quality analysis.

In the research of solar radiation in terms of its energy utilization there are several
disciplines included that could be categorized to:

1. natural sciences

2. technical sciences

3. social sciences

Natural sciences deal with research of energy utilization of solar radiation in terms
of enquiry to the generation and spread of solar radiation, its immanent substance,
energy value, solar radiation passage through the atmosphere, atmospheric phenomena
affecting the energy value and distribution of solar radiation and the like. All these
aspects of research could be covered by the sciences with physical base, which include
the atmospheric sciences (climatology and meteorology), thermodynamics, optics and
astronomy (astrophysics, astrometry). Climatology and meteorology are the sciences
which have the largest share of the physical sciences participating on the utilization of
energy especially solar radiation. Significant works in this area in the domestic literature
include Hrvol’ and Tomlain (1992, 1997 a, 1997 b), Smolen (1980), Ostrozlik (2002),
Kittler and Mikler (1986), Kittler and Pulpitlova (1988) and others, from foreign pointers
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work Zelenka et al. (1992), Hulme et al. (1995) and others. In this context it is necessary to
say that the physics constitutes the basic knowledge of energy utilization of solar radiation
being an very important part, also transferred to other disciplines.

In the group of natural sciences, which are significantly involved in terms of energy
of solar radiation, spatial relationships, modeling and statistical analysis of the attributes
relevant to the energy utilization of solar radiation, there are also mathematical sciences,
and especially geometry, mathematical analysis, topology and statistics. In scientific
literature, we can find many works that use scientific methods based on modeling,
statistical analysis and visualization in cyberspace, which is implemented in specialized
information systems or into GIS. Documented to works for example Neteler and Mitasova
(2004), Suri (2002), Dunlop et al. (2003), Hofierka (1997), Hofierka and Suri (2004), Suri
et al. (2007), Hengl and Reuter (2008), Muneer (2004) and others. The most significant
share in this research has geostatistics and geoinformatics, which uses a whole range of
instruments of GIS (Geographic Information System) (Hofierka, 2003). The latest trends
are orientated to provide information about solar radiation and its energetic value on the
internet in the form of web-database with interactive maps, tables and graphs of energy
derived from sunlight, where it is possible to specify the parameters of the position, angle
modules and orientation towards the cardinal points. (Suri et al., 2005). Information and
communication methods and tools, therefore allow us to create cyberspace, where it is
possible to simulate the distribution of solar radiation as well as other aspects related
directly to the estimated use of energy (digital model of topography, clouds, etc.).

Geoecology and environmetanlistic are included in the group of natural sciences having
their research focused primarily on the issue of reducing CO, output as well as the creation
of environmentally sustainable country (Laurman, 1979, Senitkova and E§tokova, 2002,
Drdos, 1997 and others).

Another important insight into the research of solar radiation for energy purposes are
technical sciences, integrating architecture, construction, and electrical energy.

Architecture and Construction is devoted primarily to solar radiation as a phenomenon
in the form of heat and light, which has greatly influenced the energy regime and the
operation of apartment buildings as well as industrial buildings, and buildings with
administrative, commercial leisure and other function (Littlefair, 2001), (Pereira et al.,
2001), (Eifert a Kiss, 2002), (Garcia et al., 2007). Among the major investigators of this
issue we include the authors, we have already mentioned in the physical sciences, but their
work has a direct connection with the construction and architecture. They are Kittler and
Mikler (1986), Kittler and Pulpitlova (1988), whose works have found an international
response.

Electrotechnics and energetics focuses on the development of such systems that can
convert sunlight to usable energy form as well as use of produced energy in the energy
system. This issue is examined in many works, eg. Rybak, Taus, Rybak (2001), Taus et al.
(2005), Ruzinsky and Saly (1996, 2005), Smola (1980), as well as numerous publications
of foreign authors as Turrent and Baker (1983), Marks (1965), Quaschning (2003), Muselli
et al. (1999) and others. Research activities in the field of development of technologies to
generate energy from solar radiation and their testing is carried out in research institutions
around the world (eg Join Reserch Center (JRC) in Italy - the EU, National Renowable
Energy Laboratory (NREL) in the U.S.), in companies involved in the evolution of the solar
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systems (eg ThermoSolar Ziar nad Hronom, ....), as well as at universities (in Slovakia,
such as the Technical University of Kosice, STU Bratislava, Zilina University in Zilina,
etc..) (Potocky and Hofierka, 2000).

Even the social sciences participate on the energy use of solar radiation particularly
there are economics, marketing, sociology, urban planning, demography, and legal
sciences. Economy gives answers to questions like - how much energy to produce;
respectively what is the demand for energy, for whom to produce energy from the sun,
what is the efficiency of energy production and thus whether the production is worthy,
what is the return of invested funds and the like. These problems are also outlined in the
works of Jiger-Waldau et al. (2006), Stri (2006) and many internet sites devoted to the
applications of solar systems (e.g. www.ozeport.sk, www.setri.sk and others). Marketing
is linked directly to the applications in the country. Thus, together with the sociology it
examines the behavior of the population in relation to the application of the solar systems
and gives answers to questions like - which people are interested in these technologies to
reach other population groups, as are mental barriers in the application of solar energy
systems and how to remove them, etc. .

Law sciences participate in the application level, where they deal with questions
like - how to remove the legislative barriers and create a challenging environment that
would favor numerous installations. In this sense, we have to mention current legislative
background supporting the use of energy from solar radiation, which is based on EU
legislation (e.g. Directive 2001/77/EC on the promotion of electricity produced from
renewable energy sources in the internal electricity market, Directive 2002/91/EC on the
energy efficiency of buildings and strategic document COM/2007/723 European strategic
energy policy) and Slovakia in the approximation adopted in its legal system (e.g. Act
656/2004 on energy and the change some laws, the Government Regulation No. 124/2005
laying down rules for the functioning of the electricity).

The following chart shows the participation of sciences on the solar energy utilization
and the position of geography.

POSITION OF GEOGRAPHY

Geography has the assumptions to play a significant role in the research of solar
energy utilization. Planning and solar energy use is largely dependent on the quality of
temporal and territorial analyses. Basically, we can say that for geography is the space
and its time regularities a phenomenon, which requires most of its attention and all the
research activities are focused on it. To explore the space it is a geographical science
that has a detailed methodological system for examining the attributes of temporal and
territorial-relevant research on the solar energy use. In this context it is necessary to note
that geography has not an ambition to compete with the sciences dealing with technical
and technological attributes of the solar systems, respectively other related infrastructure,
research solar radiation in terms of its spectral electromagnetic nature, nor a detailed
examination of atmospheric phenomena, which also significantly affect the efficiency of
conversion of sunlight to some form of energy and so on. Geography directs its research
activities to the space and the potential valuation of landscape for application of solar
systems.
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Geography is seen in the works of Demek (1987), but also Paulov (1998), Matlovi¢
(2006) and Hofierka (2006) as a synthesizing science, whose object of research is fully
oriented on the whole landscape sphere. Therefore, its application in relation to the topic
can be discussed also in the urban area in the interaction with the socio-economic activities
of the population, which is directly related to energy consumption and possibilities of
its production, energy saving and rationalization of the energy segment. In this context,
a morphological-functional regionalization of urban space plays a significant role.
Morphological-functional analysis of urban areas, demographic and socio-economic
analyses are also important for planning and decision-making phase, whereas we give
answers to questions like - where is the appropriate application of solar systems, what
are the demands for energy by the population in carrying out their routine needs (in terms
of daily, seasonal, annual operation), what is the potential for possible areas of energy
production, how to optimize and fault energy production systems and the like. Moreover,
the geography helps to solve the problem also through the GIS visualizations.

In Slovak geography there have already been the works on the use of geography in the
field of energy, introduced primarily by Sz6116z (1998, 2006a, 2006b). The energy uses of
solar radiation in terms of geography are described in the number of works for example by
Hofierka and Cebecauer (2007, 2008), Stri (2002), Suri et al. (2002), Hofierka and Kafuk
(2008), Kanuk, Rosic and Hofierka (2008), Kanuk (2007, 2008) and others, concerning
mainly with the territorial-temporal distribution of solar radiation and its modeling using
GIS tools. In the geographical literature we can find also the works, which are devoted to
clarification and specification of distribution of solar energy conversion to georelief, for
example Krcho (1990) and Jenco (1992). In recent years geographic focus of the research
has shift from a regional perspective (e.g. the European Solar Radiation Atlas - (Scharmer
and Grief, 2000)) to detailed studies of urban environments, for example by Robinson
and Stone (2004), Arbois et al. (2008), Hofierka and Kanuk (2008). In this context, it is
needed to note the works dealing with the use of geographic information systems in order
to estimate and review the potential use of solar radiation (Suri et al., 2002), (Gadsden et
al., 2003) etc.

From the relevant analysis it is clear that the massive solar energy systems will be
applied particularly in the urban (or built-up) territories, where the most developed
countries have more than 80% of the population. Some authors (eg, Jiger-Waldau et al.,
2006, Suri et al., 2007) emphasize that theoretically can be the consumption of electricity
in many countries completely covered by using of solar radiation for a relatively small area
(in some countries it is only 1% of their territory). According Kanuk (2007) the potential
of Slovak urban country is high. Urban country has approximately 22 000 hectares of flat
roofs, to which it is possible to install solar systems, which represent approximately 0.44%
of urban areas. The following analyses prove that in near future it is necessary to deal with
the issue of spatial and time relations in the country as well as in urban country in more
details, and therefore it is the geography that can apply its research methods in this issue.

CONCLUSION

The energy utilization of solar radiation is currently the issue with increasing attention
of the public. The research of solar energy is interdisciplinary and its direct application in
the country is very complicated. This is the reason why related sciences must participate
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and focus their attention on those aspects of the research, which are incorporated in their
methodology.

The main aim of this paper was to point out on the approaches participating on the
utilization of solar radiation in the country for energy purposes, as well as to seek for the
application of geography in the research of solar energy radiation from the energy aspect.
It is also necessary to know the sciences which contribute to the study of solar energy
utilization. Sciences can be divided into three groups according to various approaches to
solar energy utilization. The natural sciences are the first group concerning mainly with
the physical nature of solar radiation, its generation, and dissemination of the galactic
and atmospheric environment, relations of time differentiation of its distribution, etc. as
well as the mathematical expression of these patterns and relationships. Specific group of
natural science is represented by geoecology and environmentalistics.

The second group consists of technical sciences as an informatics, architecture,
construction, energy and electrical engineering. These sciences are devoted to solar
radiation in terms of energy regime of buildings (architecture, construction), as well as the
development of technologies that can most efficiently convert solar radiation to a suitable
form of energy and exploit it (energy, electrical engineering). Informatics is closely
linked on Geoinformatics, which uses GIS for analysis, modeling and visualization of the
attributes relevant to the discussed issue.

Even the social sciences are applied in the energy use of solar radiation through the
economics, marketing, sociology, urban planning, demography, and law. Economics
analyzes the profitability and economic returns on installed systems, marketing and
sociology in particular are involved in examining the behavior of the population and a
positive perception of potential solar applications, because negative perception of the
installations in some regions can be an obstacle for the installation of the solar systems
(NIMBY syndrome). The law helps to create a favorable legislative background.

The application of geography in the solar energy utilization is carried out mainly by
creation of spatial and time analysis of attributes, on which the sun application systems are
based. Moreover, the position of geography is in the intersection of natural, technical and
social sciences. Its object of study is based on comprehensive socio-economic activities,
including population, and therefore it can use its full range of research methods in the
energy use of solar radiation and communicate with other sciences participating in this
research. Geography is not regarded to be a superior science, but rather one of several
sciences participating on the solar energy utilization.

This paper tries to find answers to the questions, where is the real position of geography
in terms of solar energy utilization.

Acknowledgment: This paper is a part of the solution of grant project VEGA ¢. 1/0355/09
Modeling of the distribution of solar radiation in urban areas and its potential use.
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GEOGRAFIA A ENERGETICKE VYUZITIE SLNECNEHO ZIARENIA
Zhrnutie

Energetické vyuzivanie slne¢ného ziarenia je v sucasnosti témou, ktorej sa venuje
Coraz vécsia pozornost’. Ked’ze vyskum vyuzivania slne¢nej energie a jej priamej aplikacie
v krajine je zna¢ne komplikovany a ma interdisciplinarny charakter, je nevyhnutné, aby
jednotlivé vedy participovali a ststred’ovali svoju pozornost’ prave na tie aspekty vys-
kumu, na ktoré maji orientovanu svoju metodologiu.

Ciel'om prace bolo poukazat’ na pristupy k vyuzivaniu slneéného Ziarenia v krajine pre
energetické ucely, ako aj hl'adat’ moznosti uplatnenia geografie pri vyskume energetického
vyuzivania slne¢ného Ziarenia z energetického aspektu.
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Podl’a pristupu k skimaniu slne¢ného Ziarenia z aspektu jeho energetického vyuzivania
by sme vedné discipliny mohli zaclenit’ do troch skupin. Prvou skupinou su prirodné
vedy, ktoré sa zaoberaju predovsetkym fyzikalnou podstatou slneéného Zziarenia, jeho
vznikom, §irenim v medziplanetarnom a atmosférickom prostredi, zakonitost'ami ¢asovej
diferenciacie jeho distribucie a pod., ako aj matematickym vyjadrenim tychto zakonitosti
a vzt'ahov. Osobitu skupinu prirodnych vied tvoria geoekologia a environmentalistika.

Druht skupinu tvoria technické vedy ako informatika, architektira, stavebnictvo,
energetika a elektrotechnika. Tieto vedy sa venuju slne¢nému Ziareniu z hladiska ener-
getického rezimu budov (architektira, stavebnictvo), ako aj vyvoju technologii schop-
nych ¢o najefektivnejSie premenit’ slnecné ziarenie na vhodnu formu energie a vyuzit
ju (energetika, elektrotechnika). Informatika je vel'mi uzko prepojend z geoinformatikou,
ktora vyuziva GIS na analyzu, modelovanie a vizualizaciu atributov relevantnych pre dis-
kutovanu tému.

Aj spolocenské vedy sa uplatiiuju pri energetickom vyuzivani slne¢ného Zziarenia
prostrednictvom ekondmie, marketingu, socioldgie, urbanistiky, demografic a prava.
Ekonoémia analyzuje rentabilnost’ a ekonomickl navratnost’ instalovanych systémov,
marketing a socioldgia sa podielaju predovsetkym na skiimani spravania sa obyvatel'stva
a pozitivnej percepcie potencidlnych solarnych aplikacii. Otazky negativneho vnimania
instalacii mozu v niektorych regionoch tvorit’ az bariéru pre samotnu instalaciu slne¢nych
systémov (syndrom NIMBY). Oblast’ prava napomaha vytvarat’ priaznivé legislativne
zazemia.

Uplatnenie geografie pri energetickom vyuzivani slne¢ného ziarenia sa realizuje
predovsetkym vo vytvarani Casopriestorovych analyz atributov, od ktorych zavisi aplikacia
slne¢nych systémov. Navyse, samotna geografia stoji v prieniku prirodnych, technickych
a spolocenskych vied. Jej objekt $tidia je orientovany komplexne na krajinu vratane so-
cioekonomickych aktivit obyvatel'stva, a preto méze vyuzit cela paletu svojich vyskum-
nych metdd pri energetickom vyuzivani slneéného ziarenia a komunikovat’ s ostatnymi
vedami participujicimi na tomto vyskume. Geografiu nechapeme ako nadradenu vedu,
ale ako jednu z viacerych vyssie uvedenych disciplin, ktoré sa podiel’aja pri energetickom
vyuzivani slnecného ziarenia.

Tento ¢lanok sa snazi hl'adat odpovede na otazky, s ktorymi sa stretime na roznych
forach a teda, akti poziciu ma geografia pri vyuzivani slne¢ného Ziarenia pre energetické
ucely.
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