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Abstract Despite the size and thanks to the rich brown coal reserves, the Czech
Republic is one of the leading energy producers in Europe, and the 7th biggest
exporter of electricity in the world. However, following the climate change miti-
gation, the novel energy policy that enhances the reduction of coal mining is about
to be implemented. A preliminary material flow analysis of the Czech energy sector
was carried out. The data obtained confirmed that this government act would result
in a dramatic reduction of revenues from electricity sales. Conversely, increased
costs would be necessary in order to modernize nuclear power plants and promote
the production of renewable energy. In addition, the economic analysis revealed that
the act might be prejudicial to economic relations in Central and Western-European
countries as some of them are significantly dependent on the electricity imported
from the Czech Republic. Disputes between engineers and politicians were high-
lighted. The aforementioned interrelations were subsequently analyzed and a con-
clusion was made stating that global interests should have the highest moral priority.

Keywords Energy policy - Moral responsibility - Material flow analysis -
Economics

Introduction

The low costs of feedstock and labour in the Czech Republic in recent decades
has been beneficial for local oligopolies active in energy business (Frantal and
Novédkova 2014). Thanks to the huge reserves of mostly lower quality brown coal,
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loyal political support and rising demand for electricity in the neighbouring
countries, the Czech Republic has gradually become the world’s 7th largest
exporter of electricity in the world (Bhattacharya et al. 2016). However, following
the Paris Climate Agreement, the newly created government has given up the
revenues obtained for the benefit of the environment and updated the energy
policy in the sense of reducing the use of fossil fuels (Marousek et al. 2015a).
According to this government act, the percentage of electricity produced from
brown coal should decrease to approximately 15% by 2040. This loss should be
little by little compensated by the higher production of nuclear energy (Cernoch
and Zapletalova 2015) and renewables (Marousek et al. 2017). Initially, this act
was perceived positively both from a technical and ethical point of view.
Nevertheless, as the implementation of the government act begins, unwanted and
unforseen effects appear.

As regards the proposed expanded use of nuclear energy, the local energy
conglomerates start to make their investments contingent on long-term guaranteed
purchase prices of electricity, which is hardly morally acceptable for a significant
percentage of citizens (Mardoyan and Braun 2015). In terms of renewables, local
public opinion is seriously concerned (Jehlickova and Morris 2007) by the negative
impacts (both economic and environmental) of non-ethical financial support
(Haskova 2017) that has been invested in the previous decades (Marousek 2013a).
The biggest criticism is related to the over-subsidized use of solar panels (donations
equivalent to national defence costs), which took up much arable land and burdened
the national budget (Smrcka 2011). However, there was a less visible, yet morally
even worse, intensive subsidy for biogas plants which were stimulated through
financial support (Vokoun 2016a, b) to process purpose-grown biomass instead of
biowaste (Marousek 2013b). The unprecedented expansion of maize monocultures
that were intensively agro-chemically treated resulted in a plethora of negative
effects in terms of soil (Kolar et al. 2008) and groundwater degradation (Marousek
et al. 2015b).

To give a broader view to the matter, most of the areas in the Czech Republic
where the limestone reserves, which are nowadays necessary for the process of
desulphurization (reduction of sulfur-based flue gases resulting from the combustion
of coal) are located, have been declared protected natural areas by the Czech
government (Koptikova et al. 2010). In addition, the impacts of the novel energy
policy towards the countries in the region have been underestimated, which arouses
other kinds of moral and economic dilemmas (Marousek 2014).

A hypothesis was stated whether and how the implementation of the current form
of the Czech energy policy will affect the Central-European region and the
surrounding countries from the point of ethical behaviour towards the neighbouring
countries and the world as a whole.
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Methods and Data

The newest data available (United Nations Statistic Division; Eurostat; Statistic
Office and Energy Regulatory Office of the Czech Republic) concerning the
material flow analysis of the whole Central-European energy sector (economic
activity NACE 35) and its feedstock were used to predict the model for the
forthcoming years (until 2040) in response to the Novel energy policy of the Czech
Republic. Following the statistics of the previous decade, the electricity production
in the Czech Republic has long been maintained somewhere around 90 TWh per
year, of which almost 25 TWh (approximately one quarter or one-fifth) was
exported. Most electricity was exported to Austria, followed by other Central and
Western-European countries, in particular Slovakia, Germany and Poland. Czech
electricity, however, is exported through the electricity transmission systems of
these states, most often to the Balkan countries (Burgholzer and Auer 2016). The
background of the environmental concern is that about 45 TWh per year
(approximately one half in the long term) of the electricity produced in the Czech
Republic is generated in coal-fired power plants. Worse still, for electricity
generation, low quality and outdated technologies are mostly used (Prisa et al.
2013). The boundaries for the analysis of the material flow in the Czech Republic
public energy sector were set according to the method presented by Brunner and
Rechberger (2004), which includes (1) power plants, (2) combined power plants and
heating plants and (3) district heating plants that are currently connected to the
public grid. The necessary coal quantities were predicted based on the government
act. The necessary limestone quantity to achieve at least 80% desulphurization of
flue gases was calculated via stoichiometry (Ca present in limestone/S in
coal = 1.2) with regard to the qualitative indicators of local feedstock (Valle-
Zermefio et al. 2015). Emissions of SO,, PM;, (particulate matter under 10 pm),
NO,, CO and VOC were predicted according to Marousek et al. (2016), using data
from the European Coal Combustion Products Association in compliance with the
models presented by Wright et al. (2011) and converted into CO, and SO,
equivalents (Marousek and Kwan 2013).

Results

The resulting prediction models are shown in Fig. 1. The mathematical—statistical
projection reveals that when the new energy policy of the Czech Republic enters
into force the amount of mined coal, or the amount of electricity generated by coal
combustion will result in the reduction of the amount of electricity exportable from
the Czech Republic. It can be expected that this decline will decelerate in the
coming years due to prospective investments into upgrading the energy industry.
However, as already pointed out in the “Introduction” section, this issue is
associated with a high risk. New blocks of nuclear power plants will be soon put
into operation and the amount of electricity intended for export will slowly reach the
previous values within a time frame of 10 years. It can be also noted that in the
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Fig. 1 Prediction based on the basis of legislative changes in the Czech Republic. The thick line
indicates electricity generation [PJ]; the thin line predicts the proportion of electricity from generated
from coal [PJ]; the dots show the amount of limestone available [gG]; the thick dashed line shows the
expected quantity of SO, [Gg] and the thin dashed line shows the expected quantity of NO, [Gg]

Czech Republic, the discussed decline will not cause a shortage in electricity
locally. However, the decrease in the exportable amount of electricity will be so
large that it might cause difficulties in the neighbouring states of Central Europe.
The analysis also highlighted a potential looming problem with limestone, which
may no longer be available at a time shorter than a decade. However, there will be a
compensation in that there will be a gradual decline in production of nitrogen and
sulphur oxides, which is definitely related to the decrease in the production of
electricity from coal.

Discussion

There have been repeated indications that the Central-European energy sector is
unsustainable in the long run (Van Wees et al. 2002). Public policies concerning
renewables were many times suspected of incoherence and lack of vision for future
development (Marques and Fuinhas 2012; Marousek et al. 2012). Cansino et al.
(2011) warned that if the situation is not managed properly (and by competent
engineers, not by politicians), there could be a significant waste of resources and
possible blackouts will not be prevented.

The results showed in Fig. | indicate that Central Europe and neighbouring
countries will be soon thrown into a complicated intertwining of business and
ethical relations that are the subject of physical laws and the global effort to mitigate
climate changes. As the results suggest (see the thick line in Fig. 1), the sharp
decrease in the electricity exported from the Czech Republic that run through the
Central and Western-European countries to appear in a critical situation. However,
Austria, for instance (a long-term business partner to the Czech Republic; over 4%
of the Czech export goes to Austria and over 3% of Austrian export goes to the
Czech Republic) has no coal reserves, and is still highly dependent (dependency
decreased from 70 to 60% in the last decade) on the import of electricity from the
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Czech Republic and Germany (Swider et al. 2008). Nevertheless, the electricity
imported from Germany would hardly fully compensate the shortage in the
electricity imported from the Czech Republic, given that the electricity consumption
in Germany has been continuously growing; therefore electricity has to be imported
also from the Czech Republic (Wiirzburg et al. 2013). The situation in other Central
European countries is analogous and other societal and moral impacts arise because
of a domino effect (Gass et al. 2013) in the case of a blackout (Marousek et al.
2012).

The issue of limestone deposits is also alarming (see Fig. 1). Following basic moral
principles, coal consumption should be limited according to the available amount of
limestone, as combustion of low-quality coal represents an environmental hazard
without it (Marousek et al. 2014). The lack of limestone can be solved by the following
alternatives. The first one consists in stopping the combustion of coal as soon as the
Czech Republic runs out of limestone reserves. However, such a solution would mean
that the Czech Republic would not be able to get any electricity to the market. In
addition, this could lead to an electricity shortage in the Czech Republic itself and pull
in the neighbouring countries with a domino effect, as already stated. In terms of the
second solution, the areas where the remaining limestone deposits are located will no
longer be considered protected natural areas. However, such a solution is not ethical
either, as the Czech Republic has already been severely disturbed by mining, industry,
transport corridors and human settlements (Frélichova et al. 2014). The third option
could be the import of limestone in the Czech Republic. Besides the case that it is
financially unfeasible (Novék et al. 2016), such a solution is not environmentally
friendly either, provided that this practice would result in intensive international
transport of bulky and heavy feedstock (most probably from Polish limestone deposits
hundreds of kilometres away).

In connection with the above, the flue gas prediction is easily understandable.
The data obtained indicated that both nitrogen and sulphur oxides would decrease
(see the thick and thin dashed lines in Fig. 1). This is advantageous, since the coal
mined in the Czech Republic is mostly of low quality, producing large amounts of
hazardous flue gases (Rieder et al. 2007) when combusted. The energy efficiency of
electricity generated from coal ranges between 37 and 43% (Zhao et al. 2015).
However, in the Czech Republic the efficiency is at the lower end of the range
(Kopéacek and Vesely 2005; Vokoun et al. 2015). There is an analogous situation
with the release of CO, equivalents. 245 gigagrams (hereinafter as Gg) of CO,
equivalent is released for 1 PJ of coal-fired electricity generated in the UK (Odeh
and Cockerill 2008); however, it is over 300 Gg of CO, equivalent in the Czech
Republic. Nevertheless, these figures can be considered relatively low compared to
e.g. Turkey whose energy industry behaves unethically (with the efficiency of coal-
fired electricity generation of 23-27%), as it uses only a minimum amount of
limestone, which results in a 50% higher production of CO, and SO, equivalents
(Atilgan and Azapagic 2016). Regardless the current controversial rhetoric, the
lowest amounts of CO, and SO, equivalents are reported from the USA, which is
achieved by a high limestone consumption (which has grown by 150% since the
twentieth century; Spath et al. 1999).
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Conclusion

In the past two decades, the Czech Republic has created unusually favourable
business conditions for energy conglomerates. The resulting oligopolies realised
that this environment with no functional limitations is time-limited and therefore
focused on short-term profit over environmental impacts. The current legislative
restrictions following the climate change mitigation might have unprecedented
implications; Central and Western Europe will have to face the challenge of
sustaining the stability of the power grid. The tangled web of national economic
interests, laws, mutual ethical relations and global responsibility for the future state
of the climate arises to be resolved. The greatest moral hazard, however, is that
technical engineers do not point out adequately that the main responsibility for the
current state of the art lies with incompetent politicians.

References

Atilgan, B., & Azapagic, A. (2016). An integrated life cycle sustainability assessment of electricity
generation in Turkey. Energy Policy, 93, 168-186.

Bhattacharya, M., Paramati, S. R., Ozturk, I., & Bhattacharya, S. (2016). The effect of renewable energy
consumption on economic growth: Evidence from top 38 countries. Applied Energy, 162, 733-741.

Brunner, P. H., & Rechberger, H. (2004). Practical handbook of material flow analysis. Boca Raton, FL:
CRC/Lewis.

Burgholzer, B., & Auer, H. (2016). Cost/benefit analysis of transmission grid expansion to enable further
integration of renewable electricity generation in Austria. Renewable Energy, 97, 189-196.

Cansino, J. M., Pablo-Romero, M. D. P., Roman, R., & Yiiguez, R. (2011). Promoting renewable energy
sources for heating and cooling in EU-27 countries. Energy Policy, 39(6), 3803-3812.

éemoch, F., & Zapletalova, V. (2015). Hinkley point C: A new chance for nuclear power plant
construction in central Europe? Energy Policy, 83, 165-168.

Frantal, B., & Novakova, E. (2014). A curse of coal? Exploring unintended regional consequences of coal
energy in the Czech Republic. Moravian Geographical Reports, 22(2), 55-65.

Frélichova, J., Vackar, D., Partl, A., Louckova, B., Harmackova, Z. V., & Lorencova, E. (2014).
Integrated assessment of ecosystem services in the Czech Republic. Ecosystem Services, 8, 110-117.

Gass, V., Schmidt, J., Strauss, F., & Schmid, E. (2013). Assessing the economic wind power potential in
Austria. Energy Policy, 53, 323-330.

Haskova, S. (2017). Holistic assessment and ethical disputation on a new trend in solid biofuels. Science
and engineering ethics, 23(2), 509-519.

Jehlickova, B., & Morris, R. (2007). Effectiveness of policy instruments for supporting the use of waste
wood as a renewable energy resource in the Czech Republic. Energy Policy, 35(1), 577-585.
Koldt, L., KuZel, S., Peterka, J., Stindl, P., & Plat, V. (2008). Agrochemical value of organic matter of

fermenter wastes in biogas production. Plant, Soil and Environment, 54(8), 321-328.

Kopacek, J., & Vesely, J. (2005). Sulfur and nitrogen emissions in the Czech Republic and Slovakia from
1850 till 2000. Atmospheric Environment, 39(12), 2179-2188.

Koptikova, L., Hladil, J., Slavik, L., Cejchan, P., & Babek, O. (2010). Fine-grained non-carbonate
particles embedded in neritic to pelagic limestones (Lochkovian to Emsian, Prague Synform, Czech
Republic): Composition, provenance and links to magnetic susceptibility and gamma-ray logs.
Geologica Belgica, 13, 407-430.

Mardoyan, A., & Braun, P. (2015). Analysis of Czech subsidies for solid biofuels. International Journal
of Green Energy, 12, 405-408.

Marousek, J. (2013a). Study on commercial scale steam explosion of winter Brassica napus straw.
International Journal of Green Energy, 10(9), 944-951.

@ Springer



Central Europe: Ethical Overlaps of Environmental and... 1807

Marousek, J. (2013b). Use of continuous pressure shockwaves apparatus in rapeseed oil processing. Clean
Technologies and Environmental Policy, 15(4), 721-725.

Marousek, J. (2014). Novel technique to enhance the disintegration effect of the pressure waves on
oilseeds. Industrial Crops and Products, 53, 1-5.

Marousek, J., Haskova, S., Zeman, R., Véchal, J., & Vanickova, R. (2014). Nutrient management in
processing of steam exploded lignocellulose phytomass. Chemical Engineering & Technology,
37(11), 1945-1948.

Marousek, J., Haskov4, S., Zeman, R., Vanickovd, R., Marouskova, A., Véchal, J., et al. (2015a). Techno-
economic assessment of processing the cellulose casings waste. Clean Technologies and
Environmental Policy, 17, 2441-2446.

Marousek, J., Haskov4, S., Zeman, R., Zdk, J., Vanitkovd, R., Marouskova, A., et al. (2016). Polemics on
ethical aspects in the compost business. Science and Engineering Ethics, 22(2), 581-590.

Marousek, J., Itoh, S., Higa, O., Kondo, Y., Ueno, M., Suwa, R., et al. (2012). The use of underwater high
voltage discharges to improve the efficiency of Jatropha curcas L. biodiesel production.
Biotechnology and Applied Biochemistry, 59(6), 451-456.

Marousek, J., & Kwan, J. T. H. (2013). Use of pressure manifestations following the water plasma
expansion for phytomass disintegration. Water Science and Technology, 67(8), 1695-1700.

Marousek, J., Marouskova, A., Myskova, K., Vachal, J., Vochozka, M., & 73k, J. (2015b). Techno-
economic assessment of collagen casings waste management. International Journal of Environ-
mental Science and Technology, 12, 3385-3390.

Marousek, J., Vochozka, M., Plachy, J., & Zék, J. (2017). Glory and misery of biochar. Clean
Technologies and Environmental Policy, 19(2), 311-317.

Marques, A. C., & Fuinhas, J. A. (2012). Are public policies towards renewables successful? Evidence
from European countries. Renewable Energy, 44, 109-118.

Novak, V., Vokoun, M., Stellner, F., & Vochozka, M. (2016). Institutional analysis of contemporary
regional labour market in the Czech Republic. E4+M Ekonomie a Management, 19(3), 4—19.
Odeh, N. A., & Cockerill, T. T. (2008). Life cycle analysis of UK coal fired power plants. Energy

Conversion and Management, 49, 212-220.

Prisa, J., Klimesova, A., & Janda, K. (2013). Consumer loss in Czech photovoltaic power plants in
2010-2011. Energy Policy, 63, 747-755.

Rieder, M., Crelling, J. C., Sustai, O., Drabek, M., Weiss, Z., & Klementova, M. (2007). Arsenic in iron
disulfides in a brown coal from the North Bohemian Basin, Czech Republic. International Journal
of Coal Geology, 71(2), 115-121.

Smrcka, L. (2011). Photovoltaics in the Czech Republic-example of a distorted market. In 6th IASME/
WSEAS international conference on energy and environment (pp. 378-383).

Spath, P., Mann, M., & Kerr, D. (1999). Life cycle assessment of coal-fired power production. Golden,
CO: National Renewable Energy Laboratory.

Swider, D. J., Beurskens, L., Davidson, S., Twidell, J., Pyrko, J., Priiggler, W., et al. (2008). Conditions
and costs for renewables electricity grid connection: Examples in Europe. Renewable Energy, 33(8),
1832-1842.

Valle-Zermeiio, R., Formosa, J., & Chimenos, J. M. (2015). Wet flue gas desulfurization using alkaline
agents. Reviews in Chemical Engineering, 31, 303-327.

Van Wees, M. T., Uyterlinde, M. A., & Maly, M. (2002). Energy efficiency and renewable energy policy
in the Czech Republic within the framework of accession to the European Union. Energy, 27(11),
1057-1067.

Vokoun, M. (2016a). The economics and politics of process innovation and the sustainable urban
development. Procedia Engineering, 161, 2229-2233.

Vokoun, M. (2016b). Innovation behaviour of firms in a small open economy: The case of the Czech
manufacturing industry. Empirica, 43(1), 111-139.

Vokoun, M., Polanecky, L., & Stellner, F. (2015). The impact of the recent economic crisis on the food
industry in the Czech and Slovak Republic. Procedia Economics and Finance, 34, 142—148.
Wright, L. A., Kemp, S., & Williams, 1. (2011). ‘Carbon footprinting’: Towards a universally accepted

definition. Carbon Management, 2(1), 61-72.

Wiirzburg, K., Labandeira, X., & Linares, P. (2013). Renewable generation and electricity prices: Taking
stock and new evidence for Germany and Austria. Energy Economics, 40, 159-171.

Zhao, J., Hong, J., Song, Z., Wang, Q., Zhao, X., & Ma, C. (2015). Cost combined life cycle assessment
of lignite-based electricity generation. Fuel, 159, 666—674.

@ Springer



	Central Europe: Ethical Overlaps of Environmental and Economic Interests in Coming Years
	Abstract
	Introduction
	Methods and Data
	Results
	Discussion
	Conclusion
	References




