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Conventional versus alternative sources of energynd

their economy

Konvenéni versus alternativni zdroje energie a jejich
ekonomika



Summary

The aim of the diploma thesis is to deliver a ca@r@nd understandable knowledge about
the issue of renewable sources of energy and itgpadson to conventional sources of
energy. For that reason the first part of this wooktains theoretical background about
renewable energy: definition of alternative sourceenergy and conventional sources of
energy, different options of alternative energypsprand cons of alternative energy,
analysis of the situation on the market with alééire sources of energy on the European
and the Czech level, the European and the Czeclyyepkan for future and the conditions
of governmental support. The practical part is datid to the comparison of different
renewable energy projects from the point of viewprdducer and investor. The first case
study analyses the situation of the Indian solaot@loltaic panel producer and its
possibilities for expansion to foreign countriesheT second case study analyses
the different options for investment to renewableergy projects in conditions of
the Czech Republic. This part compares solar, Biogad wind projects. Finally

the renewable energy projects are compared toublear power station.

Keywords

Renewable energy, conventional energy, solar enexgiar photovoltaic panels, biogas
power plant, wind power plant, the European marg@ternment support, price level



Souhrn

Cilem diplomové prace je poskytnout komplexni azsmitelny gehled o problematice
obnovitelnych zdrdj energie a jejich srovnani s kon¢afmi zdroji energie. Prvnéast
prace proto obsahuje teoretické informace o obabwith zdrojich energie: definice
alternativnich zdrdj energie a konvemich zdrofi energie, 1zné moznosti alternativni
energie, pozitiva a negativa alternativnich zilejergie, analyza situace na evropském a
¢eském trhu s obnovitelnymi zdroji energie, evropskyesky energeticky plan pro
budoucnost a podminky statni podpory. Praktit&ét se zabyva srovnaniniznych
projekii obnovitelnych energii z pohledu vyrobce a z pohletestora. Prvniigpadova
studie analyzuje podminky indického vyrobce sot&rniotovoltaickych panél a jeho
moznosti expanze na zahramii trhy. Druhd pipadova studie analyzujézané moZznosti
investice do obnovitelnych energii v podmink&tiské republiky. Tat@éast porovnava
solarni, bioplynovy a &trny projekt. Nakonec jsou tyto projekty obnovitgh energii

porovnany s jadernou elektrarnou.

Kli éova slova

Obnovitelna energie, konvémi energie, solarni energie, solarni fotovoltaipkéely,

bioplynova stanice,&trna elektrarna, evropsky trh, statni podpora, eandadina
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1 Introduction

The topic of “Conventional versus alternative sesrof energy and their economy” was
chosen, because currently renewable sources ofyerse increasing in importance.
Problems of global warming and scarcity of fossiels are issues generally discussed
worldwide. Renewable sources of energy were alvmgsent and used by mankind but
now the technology improves and harnessing of aharrergy is becoming more effective
and more important. The European Union membersstaggle the commitment to reduce
emissions and to increase percentage of use oivedahe energy. The EU member states
put great amount of money to research and developaienew technologies in renewable

energy, there are many EU financial support progrionthis purpose.

This work is focused on collecting information abaiifferent sources of renewable
energy, how it can be used and under what conditiDriferent countries can use different
renewable sources of energy, it depends on nataadlitions, and not all renewable
sources of energy are suitable for every regiore ffamework of the European Union
influences the market with renewable energy anddégelopment, the support of each
renewable source of energy is further indicatisgpipsition on the market and the price of
particular technology. In connection to the Europeaarket, its framework and policies
has significant impact on other markets in Asia &mderica. The worldwide market is
network of mutual dependence. The European Unidicies influence significantly also
conditions for renewable energy in the Czech Repudd its member state. However,
in some cases the governmental policies and supploeime can twist the market in wrong
way. Through research of the diploma thesis it béllpossible to study the development of
prices of conventional sources of energy and hossdhprices are influencing further
expansion of renewable energy. Scientists and ggafieals in the field of energy envisage
that in near future when the prices of oil, coal aatural gas will be too high, people will

naturally switch to technologies using renewablergn.

The practical part of this work will be dedicateddifferent options of renewable energy
from the point of view of producer of technologylés panels) and from the point of view
of investor comparing several projects — solargagwand wind. Finally, the renewable

energy projects will be compared to the nucleargrastation.

12



2 Objectives and Methodology

The major goal of this work is to examine the diéf@ forms of alternative energy, to

compare their use with conventional energy, to timel reasons why the current society is
more and more interested in alternative sourceengfrgy, to find information about

the conditions in the Czech Republic, the Europsansidies for renewable energy and
the global perspective.

The practical part — case study 1- The first case study is dedicated to analysis of
the situation on the market with solar photovolta@nels and to the comparison of prices
and opportunities for this industry from the poaitview of the producer. Furthermore,
this practical study is focused on the selected psory — Indian producer of solar
photovoltaic panels. The analysis of the companly va structured according to these
research questions: what are the opportunitiesséar photovoltaic panels, what are

markets the company should focus on and how cdhdse markets exploited?

The practical part — case study 2- The second case study is dedicated to different
renewable energy projects from the point of viewirofestor, there will be economic
analysis of investment to solar, biogas and windjgat in the Czech Republic.
The projects will be compared with regard to inmestt, production of energy and final
profit with feed-in tariffs. Finally the renewablenergy projects will be compared to

the analysis of investment in nuclear power stafiemelin.

Methodology of this diploma thesis includes maisljpstantial literature study comprising
from the majority internet resources because thlel fof alternative sources of energy is
relatively recent emerging area of science andnessi, so the internet is the most updated

source of information for this purpose.

The following analysis of the company — Indian sqdhotovoltaic panel producer Surana
Ventures Ltd. — is important to indicate possibfgpartunities for the company through
the detailed analysis of costs of production, titategy and further conditions on the global
market. The desk market research includes: the maenparison with major competitors
on the market, the costs analysis of productiorsadér panels, the analysis of weather

conditions, etc. The second part of the practeat is comparing more different options

13



of renewable energy projects in the Czech Repuibtim the investor point of view.
This part includes: analysis of investment, différesocio-economical conditions,
opportunities and risks, feed-in tariffs and pradrc possibility. It gives very interesting
picture and good comparison of renewable energjomptin conditions of the Czech

environment.
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3 Definition of alternative and conventional enerqgy surces, different
options

The term alternative, renewable or sustainable ggnés actually quite new, mainly
connected to the current time of great debatestajlobial warming and scarcity of natural
resources. There are different points of view, sahéhe voices say that mankind still
have enough of natural resources to deplete, omttier hand there are alarming voices
telling us to make a change in our consumer behaviOf course this issue is largely
influenced by politicians, big corporations, mediaientists and ecology activists. Finally,
how can a humble citizen know where is the trutloweler, there are certain aspects that
can tell us more about current situation as: poiceil, price of electricity, price of gas.
The threat of prices and threat of scarcity of redttesources push people to find out new

ways of energy production.

“Renewable energy is natural energy which doeshaot a limited supply. Renewable

energy can be used again and again, and will meveout.™

“‘Renewable energy - derived from resources that raaturally regenerative or are
practically inexhaustible, such as biomass, heabtfgermal, solar, thermal gradient),
moving water (hydro, tidal, and wave power), anddvenergy. Municipal solid waste may

also be considered a source of renewable (theenafpy.”

“‘Renewable is defined by the Canadian governmentegdenished through natural
processes or through sustainable management geaicthat a resource is not depleted

at current levels of consumptioh."

Conventional energy is a generally used term favgyqrovided by traditional means such
as coal, gas, etc., used in opposition to altereanergy sources such as solar power, tidal

power, wind power, etc.

! Clean energy ideaRenewable energy definitiofionline]. 2009 [cit. 2010-06-14]. Available at W/
<http://www.clean-energy-ideas.com/energy_defingi@efinition_of renewable _energy.html>

2 Business DictionaryRenewable energy definitiofionline]. 2010 [cit. 2010-06-14]. Available at \\W/
<http://www.businessdictionary.com/definition/rerame-energy.htmi>

% Renewable Energy Worl@anadian Government Releases Definition of Rene@hérgy [online]. 2001
[cit. 2010-06-14]. Available at WWW:
<http://www.renewableenergyworld.com/rea/news/BtR001/12/canadian-government-releases-definition-
of-renewable-energy-5791>
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There are not that many definitions for conventioeaergy as for renewable energy;
the term is usually used in opposition to renewablalternative energy. On the other
hand, the further meaning of the word conventiagdtaditional, usual or used for long

time.

From the historical point of view, for long timeette were other things for generating
energy for work or heat as: animal power, man powand power, water power, wood,
etc. — which are actually defined today as renesvabkergy. So, the term “conventional” is
a bit misleading, however everybody nowadays unaeds it as “conventional
energy = energy from fossil fuels”. Instead of cemtvonal energy, it is better to use non-

renewable sources of energy.

There are different sources of renewable energy, nfain options are: solar energy,
bioenergy, wind energy, hydroelectricity, tidal eme wave energy, geothermal energy,
energy from hydrogen. Recently, there were dis@erew inventions as cogeneration

engine and nuclear fusion.

3.1 Solar energy

It is the most ancient and also the most moderm fof energy used by people. It is
divided to solar thermal energy and solar phot@iolenergy. There are different ways of
use of solar thermal energy: active solar heatsotgr thermal energy and passive solar

heating’
Active solar heating

This possibility involves solar collectors, usugbiaced on the roof of building to use solar
radiation. It is actually very simple system andisitused for domestic hot water or
swimming pool heating. The most used rooftop selater heater is composed of a

collector panel with water channels, a storage tartka pumped circulation system.
Solar thermal energy

This is just a special kind of active solar heatinging larger collectors to produce high
temperature which drives steam turbines to prodleetric power. There is variety of

* BOYLE, Godfrey.Renewable Energysecond edition. New York : Oxford University Pse8004. Page 18
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types, e.g. giant solar thermal plant in the MohBesert in California - it is actually a big
field of mirrors which are centralizing sun radoatiand pointing to a tank up on the tower

and high temperature is heating a steam boileganérating energy.
Passive solar heating

It means the absorption of solar energy into &img which reduces the required heating.
Passive solar heating system is using the circulaif warm air, the collectors are usually
part of the building itself. There are differentriedies of passive solar heating systems
e.g.: conservatory or greenhouse, Trombe wall @rctligain through windows. Currently,
people can choose also from big amount of projet&cohouses or low energy houses,
these buildings include sophisticated system comdimsulation, solar collectors, so it

minimizes the use of fossil energy and these houseslly have also impressive design.
Solar photovoltaic energy

It is a more direct method of generation eleclyidiom solar radiation, photovoltaics
directly convert solar energy into electricity. Tphotovoltaic effect was discovered in
1839 by the French physicist Edmond Becquerel. phetons from light of suitable
wavelength can transfer their energy to some @lpstin the material, so the electrons can
move into the higher energy level, leaving holeshih@ causing other moving.
This movement is used in silicon photovoltaic cétiggenerate energy. There are various
types of materials used: Monocrystalline silicolszePolycrystalline silicon, Gallium
arsenide, Amorphous silicon, copper indium diselen{abbreviated to CIS), copper
indium gallium diselenide (CIGS) and cadmium tedler(CdTe). Scientists still work on
other innovations as new photovoltaic devices basedanotechnology. Nanotechnology
Is promising for every industry and in this caseshiould make the solar photovoltaic
energy generation more efficient, however the imhmdcnanomaterials on environment
and human health is still being examined. In cdsed¥’e, CIS and CIGS modules, some
amount of cadmium is used for its manufacturing @rwhn be quite harmful for health.
So, it raises the problem of safety and recyclihglmtovoltaic panels after their lifetime.
Recently, photovoltaic panels achieved great sscoeshe Czech Republic, more about

this issue can be found in following chapters.

® BOYLE, Godfrey.Renewable Energysecond edition. New York : Oxford University Pse2004.
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3.2 Bioenergy

This term comprises 3 types of use: energy frormbis, biofuels and biogas.

Biomass is a material from waste (waste from agjuical production, from forestry,
organic waste from industry, animal waste, and camahorganic waste) or it is a material
produced purposely for energy production (woodsgga, cereals, oil crops and starch or
sugar crops). Biomass is actually storage of setergy then burned and converted to

electricity.

Biogas is other form of use of biomass, for proourctof gas from biomass it is used
the process of anaerobic digestion of wastes @lss includes all wastes produced by
animals or plants). In the Czech Republic biogasiagis are mainly used by agricultural
producers. There is a big potential of usage afjdmsgplants for processing municipal waste
(its organic parts and some parts of sewage planproduction of energy. However, there
is a problem of transport of waste from collecteghawhich can be expensive, and there is

also a sociological problem of motivation of inhabis to sort out garbage precisely.

Biofuels are fuels made from organic material (kass). For production of liquid fuels
there are several crops which are more suitable dtlaers: sugar cane, maize, potatoes,
wheat or oilseed rape. In 2007, the European Urdecided about the goal of
incorporating a minimum 10% biofuel by 2020 in tdat@ansport fuel use, also the USA
wanted to increase the share of biofuels in tobmlsamption of fuels. However, later it
was found out by scientists that the total ratifidpiofuels in terms of greenhouse gases
emissions is not that positive. Taking in accoum tise of land (normally used for
production of food), use of machinery for the bafyproduction, all the energy used
during the whole process of production the resuitbiofuels is not that environmentally
friendly. Moreover, some economists claimed thawilt cause increase of price of food

and maybe lack of agricultural land used for focuidpiction®

® SCHARLEMANN, Jorn P.W.; LAURANCE, William FHow Green Are Biofuels3cience Magazine
[online]. 2008, volume 319, [cit. 2010-06-14]. Alaile at WWW: <http://si-
pddr.si.edu/dspace/bitstream/10088/8643/1/Scharenmand_laurance2008enviro.pdf>
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3.3 Wind energy

Wind energy has been used during entire histotyofiankind, for milling grain, pumping
water or for boats. Today, there is big amountifiécent varieties of windmills or modern
wind turbines generating pollution free electricitfhe most known is a three-blade
horizontal-axis wind turbiné.It has to be said that not all regions are suitdbt wind
turbines. According to the European Wind Atlas, nihast suitable areas are: Great Britain,
Ireland, the northern coast of France, the coadBesfelux, Denmark, the coast part of
Germany, Mediterranean area. The Czech Republinotsamong the most suitable
countries for wind power, however there are 53 wamdbines, mainly in the north-west
region. There is another aspect of wind energyhaptoblems of public opinion on wind

turbines because of noise, threat for birds, edetaignetic interference and visual aspect.

3.4 Energy from water

Energy from water has been also used from anciemdst There are different kinds of
usage of water energy: kinetic energy of riversyvgation of water. In history there were
water mills, now there are more sophisticated systas various turbines, water dams and
reservoirs. Before building dams and hydroelediriplants, the environmental impact of
such a plant have to be considered. The main omrs@l questions are: sociological
impact caused by flooding particular area, impaceocosystem and wildlife, particularly it
is a problem for salmons for their upstream jounttegpawning pools, and threat of failure
of large dams. On the other hand, energy from lefdotricity plants is very clean energy,
water dam can help river regulation and prevertdiog, it can also be important reservoir
of drink water for urban areas. The biggest danthin world is Three Gorges Dam in
China, nearly 200 meters high, the project is etqubto have a total hydroelectric capacity
22,000 MW when it will be completéd.

"BOYLE, Godfrey.Renewable Energyecond edition. New York : Oxford University Pse8004.

8 GLEICK, Peter H Three Gorges Dam Projedfangtze River, China. The World’s Wat€008-2009,
Water Brief 3, p. 139-150. Available at WWW:
<http://www.worldwater.org/www/data20082009/WB03pd
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Tidal power is way of using gravitational interactibetween the earth and the moon for
generating energy. There are various possibilifebarrages or turbines. Tidal power is
used in a number of countries: Russia, CanadaU®®, Argentina, Korea, Australia,

France, China and India.

There are also different devices for using powemfrwaves: energy convertors fixed
on the seabed, floating offshore, in intermediagptlls or different reservoirs with water
turbine. However, tidal energy is considered mampsing for future.

3.5 Geothermal energy

Geothermal energy is one of the resources of englggh does not contribute to global
warming nor threaten citizens security. It is napendent on the sun, it is using
the widespread heat within the earth. However, ethare doubts about calling it
“renewable” resource of energy, for sure it is tiee same case as store of energy like
fossil or nuclear fuels, it is more likely natufdw of energy, but it can be depleted.
Declining temperature was observed in some produstieam fields. Geothermal energy is
used for generating electricity or for direct usesteam or hot water for space heating,
agriculture, aquaculture or industrial purposesankrancient times hot springs are also
used for bathing, washing and healing. Major gaotla¢ energy producing areas are
located on the borders of lithospheric plates. @oesmwith the highest geothermal power
generation are: the USA, Philippines, New Zealaktgxico, Japan, Italy, Iceland,

Indonesia, Costa Rica, and EIl Salvador.

3.6 Hydrogen

Hydrogen is currently regarded as the energy ofuhee, very clean and the material for
its production is abundant. It can be used as gtood renewable energy from season to
season, it can be very good transport fuel not mi#ipg on oil and the only by-products of
its combustion are water and little amount of & oxides (can be decreased almost to
zero when using fuel cells). Hydrogen can be preduay the electrolysis of water using
electricity, by the gasification of biomass or blyetthermal dissociation of water

°® BOYLE, Godfrey.Renewable Energyecond edition. New York : Oxford University Pse2004.
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into hydrogen and oxygen using solar collectorsdidgen can be the possibility to store
seasonal peaks of the renewable energy — wated and solar. Those peaks were very
harmful in the past causing blackouts in severaihttes due to insufficient power grid.
Now, this seasonal energy peak can be used to goduof hydrogen and stored for
seasons with lack of energy or for transportatfofihere is also new research done for
production of hydrogen from various macro-algae ageds) through anaerobic
fermentation. This should be very promising podisybof production of hydrogen just

using biomass and sunlight.

3.7 Cogeneration

Cogeneration is simultaneous production of eleityriand thermal energy from a single
plant. It can be used for various sources of prodaoof electricity, it can just reduce
the energy loss during the electricity productidior example, cogeneration used for
biomass plants can be very profitable, making testbrgy efficient and environmentally
beneficial; it has been successfully piloted inesals African countries. Cogeneration can
be used for remote located settlements withouh#®zl to be connected to the utility grid,

transmission and distribution losses of energyn@iremized®?

3.8 Nuclear fusion

Nuclear fusion is the same process that power$Stimeand other stars. It can be carbon-
free source of energy generated without the ratligaaevaste as related to the nuclear

fission (currently used process in nuclear powanis)™® The research of this method has

Y BOYLE, Godfrey.Renewable Energyecond edition. New York : Oxford University Pse004. Page
406

1 Jae-Il Park; Jinwon Lee; Sang Jun Sim; Jae-HwaRemluction of Hydrogen from Marine Macro-algae
Biomass Using Anaerobic Sewage Sludge MicrofiBiatechnology and Bioprocess Engineering. 20@9, 1
p. 307-315. Available at WWW: <http://www.springal.com/content/hw3852k350w10w3u/fulltext.pdf>
12 KAREKEZI, Stephen; KITHYOMA, Waeni; ONGURU, Oscdtvaluating Anaerobic Digester Energy
Generation: Opportunities and Barrier&lobal Bioenergy Partnership. 2009, p. 171-1A&ikble at
WWW: <http://www.globalbioenergy.org/uploads/me@208 UNDP_- Bio-carbon_in_Africa_-
_harnessing_carbon_finance_for_forestry _and_bioggnedf#page=190>

13 KER THAN. National Geographic Newnline]. 2010 [cit. 2010-06-14]. Fusion PowertesCloser
After Giant Laser Blast. Available at: http://nenationalgeographic.com/news/2010/01/100128-nuclear-
fusion-power-lasers-science/
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already started during the Cold War linked to depsient of atomic weapons. Hydrogen
atoms fuse together to form helium, and this masteronverted into energy. In the Sun,
the massive gravitational power creates right domts for fusion, however on the Earth
those conditions are much harder to achieve. Witheat technology, it is possible to use
two heavy forms (isotopes) of hydrogen, Deuteriumd dritium. Isotopes of hydrogen
must be heated to extreme temperatures of 100omitlegrees Celsius to allow nuclei to
fuse. Deuterium naturally occurs in seawater whngans that it is very abundant. Tritium
does not occur naturally and is radioactive, beait be made from Lithium which can be
found in the Earth’s crust and it is weakly concateid also in the sea. Nuclear fusion does
not produce long-term radioactive waste as nudlisaion, however it produces some
short-term radioactive waste which is much lesdlarmatic than in the case of nuclear
fission. There are numerous fusion research cemtoeklwide, so maybe if the research
will be successful and the cost of production wéllowered, nuclear fusion can be a quite
good, reliable and sufficient source of energy Whian be regarded as very clean energy.
On the other hand, it cannot be (with currently wnotechnology) taken for a real

renewable source of enertfy.

4 Pros and Cons of alternative enerqgy sources

The major advantage of alternative sources of gnerghat they are clean, it was also
the basic reason of massive development of aligeaburces of energy. Actually the fear
from global warming is so big that it can be expegsin money put to the research of
development of renewable energy technologies. Ttieromajor advantage is that
alternative energy resources are renewable — resilgle to deplete, kind of “perpetuum
mobile”. The fossil fuels are said to be depletedns maybe in several decades. Most of
the scientists doubt about the exact time of deplethe period also depends on the level
of technology used and the possibilities of minwfgfossil fuels. Some locations for
mining can be too expensive now, however when thesfwill reach certain price,

the location for mining can become profitable.

*World Nuclear Associatiomluclear Fusion Powejonline]. 2010 [cit. 2010-06-14]. Available at W/
http://www.world-nuclear.org/info/inf66.html
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The major disadvantages of alternative sources rfrgy are cost and efficiency.
Nowadays, the costs of alternative energy aretetllhigh, so people tend to prefer fossil
fuels. When the price of alternative energy souraed their technology will reach
the same level as the one of fossil fuels, peoplenaturally switch. Nobody knows when
this “great switch” will come. Efficiency is alsagoissue, the technology still has its space
for development, it has to become common, widesbega cheap. Another disadvantage
of alternative energy is public opinion, instaltettiof large solar plants, wind plants or

huge dams can be controversial and obviously ditffor local people.

4.1 Solar energy worldwide — social, economical and wteer conditions
overview

Currently the biggest markets of solar photovoltaiedules are the European countries,
the USA, China, Japan and India. Basically, thesenties are also known as big
developed economies where the social-economiastiin is generally much better than
in the rest of the world. In case of China and dndhe situation is different, these large
countries are raising markets and they become modemore powerful in global scale.
However, the majority of the population is stillihg in poverty. In Europe or in the USA,
solar energy is the way to more ecological futuhee way how to fight with global
warming and decrease g@missions. On the other hand, in the developingnts
the solar energy can be more helpful to solve yatablems of the population. In 2009,
the estimation of the number of people without ety was 1.4 billion people, mainly in
Sub-Saharan Africa, South-East Asia, Latin Amedca Middle East® Most of these
people are living in rural areas, electrificationthose areas means important development
of human life — lighting, running basic home apptias, food conservation, education

improvement, communication, eft.

'3 |nternational Energy Agencyorld energy outlook-access to electridippline]. 2011 [cit. 2011-10-16].
Available at WWW: http://www.iea.org/weo/electrigiasp

16 AlterStore World solar insolation valuefnline]. 2011 [cit. 2011-10-16]. Available at WWW
http://www.altestore.com/howto/Solar-Electric-PolRaference-Materials/Solar-Insolation-Map-World/a643
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1) Picture — World solar insolation values
o 9P s

Source: AlterStore [online] 2011

The upper map shows the amount of solar energyoimrsh received every day on
an optimally tilted surface during the worst mooftthe year (insolation). The most dark-
red areas are the areas with the highest amounsolfation hours per day. It is obvious
from the map that the most insolated countriesimrAfrica, Middle East, South Asia,
Latin America, South of the USA and Australia. dtinteresting that actually the bigger
part of these most insolated areas is matching angtas without electrification or with

very poor electrification.

The solar energy business is still very expensind &ighly specialised business.
Under current conditions the poorest countrieshm world cannot afford to install large
photovoltaic parks. However, the research is cairigpn and market with photovoltaic
modules is changing very fast. If the new develapinaad scientific research could make
the photovoltaic modules less costly and easieimi&tallation, then it can mean enormous

development in developing countries during upcontgegades.
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4.2 Annual Fuel Utilization Efficiency

When considering different sources of energy, & @ be taken in account the actual
annual performance of each energy source in cosgatio the installed capacity. It is
indicated by the Coefficient of annual fuel utiliven efficiency kwhich is calculated from

the comparison of the actual produced energy whth theoretical, maximal capacity

of energy produced during one year with concretéopmance?’

W,

k = ——
" Pixh

W, is annual amount of energy produced (kWh/year)s fnhstalled capacity (kW), h is

number of hours a year (8760 hours).

If kris known, then the average annual capacitaR be estimated:
Pr — kr * P|

In case of alternative sources of energy, empikoalwledge of this Coefficient of annual
utilization efficiency can be used for approximatgimation of the annual production of
concrete installed capacity. The availability ohaiiand sun has random character, it can
cause technical problems and the Coefficient ofuahmitilization efficiency cannot be

really high.

4.3 Trade theory and energy market

Countries patrticipate in international trade footsimple reasons, both of them contributes
to their gains from trade. Firstly, countries trdmeause they are different from each other.
Countries, as individuals, can benefit from theifedences by reaching an agreement
in which each does the things it does relativelyl.v&econdly, countries want to trade to

be able to achieve economies of scale in theiryotoh. So, each country produces just

" NOSKIEVIC, Pavel Renewable Energy Sources in the Czech RepiliePotential of Biomass Sources
[online]. 2005, p. 91-101, [cit. 2010-06-15]. Awdile at WWW: <http://www.biomasa-
info.cz/cs/doc/moznosti.pdf#page=91>
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a limited range of goods which can be producediigd scale and more efficiently than if
it would have to produce everything, at the endhbwading countries benefit from
the trade. In reality, patterns of internationalde reflect both these motives. The essential
concept of international trade is the comparatidkvaatage. There is a trade-off
of resources used for production of one good imsteq other good. Economists use
the term opportunity cost to describe these tréetie-the opportunity cost of good 1 in
terms of good 2 is the number of good 2 that cévalde been produced with the resources
used to produce a given number of good 1. Tratledss two countries can be beneficial
for both countries if each of them exports the goad which it has a comparative
advantage. Under such conditions the world as wisgheoducing more, so it is possible in

principle to raise everyone’s standard of livii.

This trade principle implies also in the marketeoergy. However, in this case there are
many specifics, as each country has different kihdatural resources which can be used
for energy production: coal, oil, gas, uraniumerss which can be used for hydro power,
etc. Each country is trading their resources ofrggnen which it is rich, or already

produced energy from these resources. The Middét &auntries are using their position
on the market with oil, the price is slowly increggyear by year. Other countries without
own resources of oil are simply just price takditsis situation and the situation of scarce
resources of fossil fuels motivate many countriesmtake more effort in the field of

renewable energies.

However, information asymmetry means a signifiqgamablem for renewable energy use.
Firstly, the competitiveness of renewable energyrses is always determined in
comparison to conventional energy sources. As filoenpast several years, it is obvious
that prices of fossil fuels fluctuate greatly. Thacertainty concerning both market
developments for conventional fossil fuels and filtere generation costs of renewable
sources decrease the willingness to invest in reblwvenergy technologies. More

information on the characteristics of renewablergynéelps to increase the transparency

8 KRUGMAN, OBSTFELD, MELITZ.International EconomicsTheory & Policy USA: Pearson, 2012.
Ninth edition. ISBN-13: 978-0-13-214665-4.
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of the renewable energy markets and helps to deetéa risk for investment in renewable

energy technologie$?

This kind of situation calls for government intemtien, it can reduce the information

asymmetry and help the market with initial devel@pit On the other hand, there is a risk
of government failure and it can harm the marketdager period. This actually happened
in case of support of solar energy in the CzechuBkp this case will be discussed later in

this work.

9 JORDAN-KORTE, KatrinGovernment Promotion of Renewable Energy Techresgailine]. [cit.
2012-02-01]. Available at:
http://books.google.cz/books?id=Kelr5mmFPUEC&pg=P&IPpg=PA37&dg=energy+trade+theory&source
=bl&ots=F3BLZ614f5&sig=SUfAINRIX3eFPgZABOUKW,|K9rGQHEI=cs&sa=X&ei=wbAmT97fBYTf4QS
W_tnrCw&ved=0CGoQ6AEwBg#v=0nepage&q=energy%20trag@fdteory&f=false
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5 Market with alternative energy, comparison to convational energy
sources

1) Graph — World total primary energy supply

World total primary energy supply from 1971 to 2009
by fuel (Mtoe)
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Source: IEA [online] 2011

This graph indicates the development of world tptiahary energy suppfy from 1971 to
20009. It is obvious that renewable energy (compgidlue, orange and red line — hydro,

biofuels and waste, geothermal, wind, solar and)rstdl plays minor role, however its
role is rising together with the nuclear energy.

2) Graph — World total primary energy supply (TPES)
1973 and 2009 fuel shares of TPES
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Source: |IEA [online] 2011

2 World total primary energy supply = productionmypiorts — exports
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This second graph indicates the exact shares oidwotal primary energy supply and
the difference between 1973 and 2009. The totaldmprimary energy supplied almost
doubled, from the total primary energy supply ir¥3Qvhen it was 6111 Mtoe (measured
in million tonnes in oil equivalent) to the totalipary energy supply in 2009 when it was

12150 Mtoe, it is enormous change.

In 1973, the total consumption of energy was 46tdevand in 2009 it was 8353 Mtoe.
In comparison to the supply of energy, it means @nse loss of energy. In 1973,
the OECD countries consumed the majority of thegné0.3%. With the development of
other parts of the world came also difference & gmoportion of energy in the worldwide
energy consumption and the OECD countries in 2@08umed just 42.8 % from the total
amount. The developing countries will play a bitenm upcoming years, the world’s most
populated countries as China and India are becomtwnomically very strong and
demand more and more energy. The future challemgentergetic industry is also building
such an electricity grid, which can resist seasqeaks of renewable energy sources and
which will be able to prevent regional blackoutkisTelectricity grid should be also able to
transport electricity from one house to another,batancing the energy demands and
prevent huge energy losses. Currently, there akerale projects in the European
Commission for research and development of suchiidh gne of them is the project
Integral — Integrated ICT platform based Distrilsu@ontrol (1IDC) in electricity grids
with a large share of Distributed Energy ResoustesRenewable Energy Souréés.

2! European CommissioRenewable Energy: Grid Demonstration Projgonline]. 2006 [cit. 2010-06-14].
Available at WWW: <http://ec.europa.eu/energy/reables/grid/projects_en.htm>
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5.1 Energy market in the Czech Republic

3) Graph — Czech total primary energy supply

IEA Energy Statistics Statistics on the Web: http:/iwww iea_org/statsfindex_asp

Total primary energy supply”
Czech Republic

S\ N

iea

1]
1971 1973 15975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

| BCoallpeat @Ol ONaturalgas ONuclear BHydro OBiofuels &waste BGeothermal/solariwind

* Excluding electricity trade.
& OECDVIEA 2011 For more detailed data, please consult our onine data service at http-iidataiea.org.

Source: |IEA [online] 2011

This graph above indicates the development of tital tprimary energy supply of

the Czech Republic from 1971 till 2009. Coal splays the major role, however from
the development it is visible that its role is dieiclg. In 2009, the total primary energy
supply of the Czech Republic was 42 Mtoe, 40.7 #eoed by coal/peat, 21.1 % covered
by oil, 15.6 % covered by gas, 16.5 % covered bglear energy, 5.5 % covered by
combustion of renewable sources and waste, 0.5\¥red by hydro energy and 0.1 %

covered by geothermal, solar and wind enéfgy.

In 2010, the total gross consumption of electrigitythe Czech Republic was 70 961.7
GWh and the share of renewable energy in the totasumption was 5 850.7 GWh which
is 8.24%. The share of the renewable energy i®asing every year, the Czech Republic
iIs committed to reach the goal of 20% share of waide energy of the total energy

?2 International Energy Agencsghare of total primary energy supply in 2009, ®zRepublic [online].
2011 [cit. 2012-02-17]. Available at WWW: <http:fmw.iea.org/stats/pdf_graphs/CZTPESPI.pdf>
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consumption in 2020 and the predictions to reachdbal are positive. During the years
2009, 2010 and 2011 there was a big boom of sblatopoltaic power plants in the Czech
Republic, new solar power plants were built evergighand the numbers had risen
enormously. This big boom of solar power plants whge to the great increase
of government support for this type of energy seurcmotivated a lot of foreign investors
to come to the Czech Republic and invest in thetar projects. The Czech government
support for the solar power plants and big solambavill be analyzed more in details in

following part of this work.

4) Graph — Solar power plants — Czech Republic

Solar power plants - 1/4/2011
Czech Republic
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The graph above shows the enormous increase afletssolar power plants in the Czech
Republic during years 2009, 2010 and 2011. At tlegirining of the year 2009,
the installed capacity of solar power plants waly @.74 MW. The biggest boom was
during the year 2010 when new 1025 MW of solar poplants were connected to the
grid. During the year 2010, the solar power plantthe Czech Republic produced 615.7
GWh which is 0.86 % of the total gross consumptbelectricity in the Czech Republic.
The share of solar power on renewable energy duhagyear 2010 was 10.5 %, hydro
power stations 47.7 %, biomass 25.8 %, biogas 8 Wifd 5.7 % and waste dump gas 1.5
%. According to the graph above, ohApril 2011 the installed solar power plant capacit
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in the Czech Republic was 1959 MW and the total lmemof solar power plants was
12 909 MW. In comparison, the nuclear power plaatné&lin has installed capacity of
2000 MW?3

6 Czech and European market with alternative energy

In recent years, the EU energy market was influgrnmg different crises and different
aspects; oil price spike in July 2008, cut of gaspty from Russia via Ukraine in January
2009, etc. However, the biggest challenge was liblgayfinancial crisis. There is also the
important change of transition towards low-carbaergy systems, comprising alternative
energy sources. In year 2009, the consumption eftrgtity of the EU 27 decreased
generally by 10% and the overall consumption of ghghe EU 27 also decreased
significantly. Consequently, the emissions of ghemrse gases have been decreasing since
the year 2008.

5) Graph —the EU market — prices of energy
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Source: European Commission [online] 2010

2 ERU. Energie - statistika 201@online]. 2011[cit. 2012-02-17]. Available at WWW
http://www.eru.cz/user_data/files/statistika_elekiocni_zprava/2010/pdf/energie.pdf
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There were dramatic changes of prices of energyctihde oil price fell from USD 140 per
barrel in July 2008 to around USD 70 per barrelune 2009. At the beginning of the year
2009, the monthly average reached the level of USper barrel. Between June 2008 and
January 2009, the price of gas decreased by 508 BHUR 24.54 to EUR 10.54 per MWh
and the electricity price decreased by 45 % fronRE86.78 to EUR 36.54 per MWA.

6.1 State Energy Conception of the Czech Republic

Available, safe and reasonable price of energyesaf the basic conditions of existence of
the democratic society. The functioning energy @ett necessary for the security of
the Czech Republi©. The State Energy Conception is the key respoityilif the state
for reliable and long term supply of energy and etonomical usage with regard to
sustainable development. The State Energy Comcepif the Czech Republic is
the document about managing energy of the stgpepdaims the strategic goals of energy
sector with long-term plan for 30 years. The la&tté& Energy Conception of the Czech
Republic was approved in 2004, however during #mod 2004-2009 there were a lot of
major changes not just only in the Czech economy d&go in the international
environment. The State Energy Conception was azadhin 2010 and the new proposals
are in preparation. The international situationveta that access to some of the energy
resources in several producing countries is becgrttie key factor for their offensive
politics and the consuming countries have to reattt very well prepared, coordinated
and long-term energy policy. The international tieless are very important for energy
policy and they have major impact on conditionstahdard functioning of energy markets

and for ensuring of functioning of society in @l situations.

One of the basic frames for creation of energy gyolis the strategic goal and
the development of energy policy of the EuropeaimmhlnFrom the long-term trends it is
obvious that the energy policy of the EU will berhanized and the new common energy

4 European Commission, Enerdurope's Energy Position, markets and supfagline]. Annual report
2009 [cit. 2010-06-15]. Available at WWW:
<http://ec.europa.eu/energy/observatory/annual rtejomc/2009_annual_report.pdf>

% MPO. Stétni energeticka koncepE® [online]. 2010 [cit. 2012-01-18]. Available at WWW
http://www.mpo.cz/dokument5903.html
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policy of the EU will be created. The Czech Repullias to formulate its energy
conception with regard to all already declared gaald strategies of the EU.

Actualization of the State Energy Conception of @R is based on broad energy mix with
the stress on using domestic energy resourcest am@arresponding to the traditions and
competitive advantage of the Czech Republic. Thepgsed energy scenario is
preferentially using the Czech own energy resoureebrown coal, black coal and
renewable energy but also increasing support ofinginranium to ensure stability for
nuclear energy production. This energy mix togethgh import of gas and oil should
place the Czech energy dependency on acceptalglle Tdwe current level of import energy
dependency (balance of imports and exports of ghesgpositive under 50 % which is
less than average of the EU (around 60 %). In thierv for years 2030 and 2050, the use
of coal will be decreasing and the use of renewsddeurces of energy and nuclear energy
will be increasing. The Czech resources of coal sangposed to be exhausted around

the year 2050 but it also depends on availablen@loly.*®

The goals for the renewable energy resources afleaat 13 % of the total energy
consumption in the Czech Republic in 2013, 17 %2020 and 23 % in 2050, under
condition of reaching competitiveness of renewadniergy with other resources of energy

and under maintaining stability of transfer grid.
Among the strategic tools to support renewableuess of energy there are:

* At the level of primary and secondary legislatiamagantee equal conditions to
support variable renewable energy resources. Dpvedw law amendments for
support of renewable energy and ensure economieffigctive market tools for
this subvention which will be corresponding to Saigctioning of energy system.

» Developing support of renewable energy with regerdthe balance between
accomplishment of international commitments of @ and the costs of this kind
of support and its impact on final consumers. Bnguinterest of investors to
renewable energy and its protection with regardhe final consumers and tax

% MPO.Statni energeticka koncep€® [online]. 2010 [cit. 2012-01-18]. Available at WWW
http://www.mpo.cz/dokument5903.html
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payers. The tools of renewable energy support shioelimore oriented to financing
outside of the state budget.

« At the stage of regulation, the purchasing priceresfewable energy should be
determined for stimulation of building new projeeti#th correspondence to real
possibilities of producing energy efficiently, umddée European standards and

under the geographic conditions of the CR.

To ensure usage of the domestic primary resoutwe tshould be a change in view of
extending of mining of brown coal and uranium. Thiming of uranium will be assessed
at the basis of detailed research and economiedysis, the mining will be extended just

under conditions of acceptable ecological technpbogd consent of the local community.

Another important priority of the State Energy Cepiion is the orientation towards
innovation and education. After the year 2030, gbssibility of development of the local
resources, smart grids, special managing systechshandevelopment of electro-mobility
will be the major factor of fulfilment of the stastrategic goals. The new transportation
systems based on electricity or hydrogen poweoaeof the major ways how to cut off

the dependency on imported oil used for transgiortat’

The new amendment of the State Energy Conceptiea geen further, however it is still
just a proposal made in November 2011 and it wdsapproved yet. The international
scenarios show that the population growth and asing standard of living mainly in
India and China will continue. It will also increasthe international demand for
the primary energy resources, oil and gas will barcer. The countries will be under
pressure, the energy self-sufficiency will becomeeyvimportant. In this new amendment
there is a big stress on increasing importanceucfear energy which is relatively clean
and efficient resource of energy. This proposal enagclear energy as preference number
one in the long-term future of the Czech Repulbliowever, mainly Germany and Austria,
our close neighbors are against further developnoénthe nuclear energy, so it is

a question of international relatiori8.

2" MPO. Statni energeticka koncepE® [online]. 2010 [cit. 2012-01-18]. Available at WWW
http://www.mpo.cz/dokument5903.html

8 ASOCR.Statni energetick& koncepE® 2011-206(online]. 2011 [cit. 2012-01-18]. Available at WWW
http://asocr.cz/dokumenty/2011/11121 3statni.pdf
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6.2 The European Commission — Energy Roadmap 2050

The Energy Roadmap 2050 is a plan to ensure safeyes sustainable and affordable
energy, it was introduced in December 2011. Theisstbmmitted to reduce greenhouse
gas emissions to 80-95% below 1990 levels by 2068 ,goal should be delivered by the
developed countries as a group. The Commissiotoeegthe challenges connected to
delivering the EU’s decarbonisation objective ahdh@ same time ensuring security of
energy supply and competitiveness. This documegeth@r with the document Energy
2020 (introduced in 2010 by the European Commigsae forming major goals and

strategy for the EU energy plan in following decade
In the long-term decarbonisation scenario 2050nth@r factors are:

» High energy efficiency — the commitment of EU caied should lead to very high
energy savings for energy appliances and new Imgjdi

» Diversified supply technologies — no technologylvik preferred, all energy
sources and technologies should compete on a mddeearbonisation will be
introduced mainly by carbon pricing and nuclear &atbon Capture & Storage
(CCS).

» High renewable energy sources — there will stramgpsrt leading to high share of
renewable energy sources in gross final energyuropgon 75% in 2050 (positive
scenario).

» Delayed Carbon Capture & Storage (CCS)

e Low nuclear energy

The scenario assumes also that the average cepstsl of the energy system will increase,
it will demand high investments in special equiptmand technology. However, in long-

term the more efficient technology will bring beitefand savings. The plan shows that
electricity will play a much greater role than @mtly, it will replace energy demand for

powering majority of vehicles 65%. The scenariogasys that electricity prices will rise

till 2030 and drop thereafter, it is due to thehhicppital costs investing to renewable
energy technologies and storage and grid invessn&hie share of renewable energy will
rise substantially, the goal is to achieve at I&&f% in gross final energy consumption
in 2050 when today’s average EU level is around .10%
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There will be prime focus on energy efficiencywill be a priority for decarbonisation.
Energy efficient buildings will become a norm, lolings could produce more energy than
they use. All household products and appliancesuldhbave the highest efficiency
standard. Consumers with smart technologies andt grid will be able to control more

their energy consumption themselves.

Renewable energy will move to the center of Euraps@ergy mix, the cost of renewable
energy should decrease through improved researolge efficient support scheme and
policies. There will be more pressure on develogmeh renewable technologies,
improvement of efficiency of solar modules, ocearergy, wind energy and biofuels.
Technologies of storages systems for energy hadefsm renewable resources still
remains as a crucial question. The developmentn@rtsgrids will be also important,
it will enable to redirect electricity from a pratlog source to an appliance and back and
regulate energy according to customer needs. ltrequire technology shifts, information
and communication technologies (ICT) will increaise importance in transport and

in different urban application$’

Nuclear energy will have significant contributiom ¢ransformation in the EU Member
States, it is still a major source of low carboacticity production. However, some of
the countries are against development of nuclearggrand others as the Czech Republic
still takes nuclear energy in account as the majargy generating way of production for
the future. After the accident in Fukushima (Japaome Member States of the EU
changed their public policy on nuclear energy ardienstricter safety rules. Nevertheless,
nuclear energy lowers system costs and electrityes. The EU wants to ensure the
highest safety and security standards. Till 20%@&lear energy can become even clearer

when nuclear fusion will be used.

The European Union needs to develop internatiomatnprships on broader level to
achieve the goals of the Energy Roadmap 2050. fiteenational relations have to ensure
reliable suppliers, new strategies and technolofgiethe low-carbon plan. The EU has to

manage partnerships with its neighbours: Norway,ssky Ukraine, Azerbaijan,

 European Commissioftnergy Roadmap 20596nline]. 2011[cit. 2012-02-02]. Available at WWW:
http://ec.europa.eu/energy/energy2020/roadmap/doc/2011_8852_en.pdf
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Turkmenistan, the Maghreb and the Gulf countrieshbuld expand connections also to
the North Africa, there is a great potential folasgroject in Sahara.

7 Current conditions of alternative energy in the Czeh Republic

State support and grants

In 2007, there was a start of big boom with rendevalources of energy in the Czech
Republic. This situation was concerning mainly sataergy. The Czech government
decided about high support for solar energy whiobtivated a lot of entrepreneurs,
investors and even natural persons to invest iarqmiojects. Firstly, the technology for
solar photovoltaic projects was very expensiveth®ogovernment support was important
and needed to start these photovoltaic projectsveider, the planners from government
did not assume that the market situation will sedtquickly. With more and more solar
projects and higher investments, the price of thlarstechnology was decreasing and
the projects of building solar power plants in tbeech Republic became very lucrative

business.

1) Table — solar energy

Solar energy®

Purchasing price of

Date of launching the project electricity supplied to the Green bonuses

grid CZK/1 KWh CZK/ 1 Kwh
Production of electricity from solar energy — poyséant
with installed capacity up to 30 kW launched 1/1/26- 6.160 5.080
31/12/2012
Production of electricity from solar energy — poyeéant
with installed capacity up to 30 kW launched 1/1/26- 7.650 6.570

31/12/2011

Production of electricity from solar energy — poyséant
with installed capacity over 30 kW to 100 kW lauedh 6.020 4.940
1/1/2011 — 31/12/2011

%9 ERU. Cenové rozhodnuti Energetického reguido Graduc. 7/2011[online]. 2011 [cit. 2012-01-25].
Available at WWW:
http://www.eru.cz/user_data/files/cenova%20rozhoidBR%20elekiro/2011/ER%20CR%207_20110ZEK
VETDZ.pdf
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Production of electricity from solar energy — poyséant
with installed capacity over 100 kW launched 1/1/26 5.610 4.530
31/12/2011

Production of electricity from solar energy — poyséant
with installed capacity up to 30 kW launched 1/1/26- 12.750 11.670
31/12/2010

Production of electricity from solar energy — poyséant
with installed capacity over 30 kW launched 1/1/261 12.650 11.570
31/12/2010

Production of electricity from solar energy — poygéant
with installed capacity up to 30 kW launched 1/026 13.690 12.610
31/12/2009

Production of electricity from solar energy — poyséant
with installed capacity over 30 kW launched 1/1/2860 13.590 12.510
31/12/2009

Production of electricity from solar energy — poygéant

launched 1/1/2008 — 31/12/2008 14.590 13.510

Production of electricity from solar energy — poyséant

launched 1/1/2007 — 31/12/2007 14.960 13.880

Production of electricity from solar energy — poyeéant

launched 1/1/2006 — 31/12/2006 7.130 6.050

The above table shows the purchasing of electrmifgplied to the grid produced from
solar energy. The left column shows the period eayghcity of solar projects for which
the prices are used. The middle column price isninfma the projects which just produce
the electricity for commercial use and supply redtly to the grid. The green bonus prices
in the right column are for the companies or natpeasons who can produce electricity
from their solar power plant, supply the electyi¢d the grid but at the same time consume
part of the electricity produced by their solar gowlant, so it is meant for solar projects
built in connection to some factory or for the heusof projects when the household

consume some of the electricity produced.

The biggest boom of solar energy projects in thedizZRepublic was between 2009 and
2010. Already in 2007, there were very high purak@ggrices but still not many investors
were aware of this big opportunity and solar enengs still very new phenomenon.

However, many investors came to the market in 2608n investors from abroad.
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2) Table — consumer prices

Consumer prices”

Price of electricity for Price of electricity for
Year consumers — entrepreneurs consumers — households CZK/ 1
CZK/ 1 kWh kWh
2009 4.487 4.128
2008 3.945 3.613
2007 3.628 3.225
2006 3.321 2.951

This table above shows the development of averagsumner prices, the prices for buying
1 kwWh from the grid. In comparison of those twoléab it indicates that for example
in 2009, there was a big difference between theeprof producer of solar energy who had
production capacity higher than 30 kW, in that ctse price was 13.590 CZK per kW
and for the normal consumer household which couid électricity for 4.128 CZK per
kW, the difference was 9.462 CZK per kW. This wagraat motivation for investors,
if the solar power plant was connected to the gndime, it was a sure investment with
guaranteed prices for 20 years, such an investmastbetter than any funds or stocks.
The investment was usually repaid in 10 years domh it was just beneficial for the
investor. This opportunity was also very interegtior natural persons willing to build
solar system on their roofs, however the big figbtar power projects were investments

with great benefits.

3L ERU.Ceny elekiny: statistika[online]. 2011 [cit. 2012-01-25]. Available at WWW
http://www.eru.cz/user_data/files/statistika_elekincni_zprava/2010/pdf/elektrina.pdf
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Wind energy

3) Table — wind energy

. . Purch_afsing pric_e of Green bonuses
Date of launching the project elgctrlmty supplied to the CZK/ 1 KWh
grid CZK/1 KWh
Wind power plant launched 1/1/2012 — 31/12/2012 3Q2.2 1.790
Wind power plant launched 1/1/2011 — 31/12/2011 82.2 1.840
Wind power plant launched 1/1/2010 — 31/12/2010 32.3 1.890
Wind power plant launched 1/1/2009 — 31/12/2009 2.4 2.050
Wind power plant launched 1/1/2008 — 31/12/2008 3Q.7 2.290
Wind power plant launched 1/1/2007 — 31/12/2007 02.8 2.360
Wind power plant launched 1/1/2006 — 31/12/2006 52.8 2.410

This table indicates the support purchasing pricelectricity produced by wind power

plant. Just for illustration:

* Biomass energy- in case of electricity produced from combustminbiomass,
the support purchasing price of electricity was3R.5- 3.900 CZK per 1kWh in
2008, 2.630 - 4.580 CZK per 1kWh from 2008 till 20(depending on category
of biomass power plant), green bonuses are alwayd@wver price.

* Water energy - in case of electricity produced from small wapawer plants,
the support purchasing price of electricity wasAR.2 3.800 CZK per 1kWh from
2007 till 2012 (depending on category of water popkant), green bonuses are

always a bit lower price.

From the above mentioned information it is obvithat the support for solar energy was
the highest from all renewable sources of enerdye &normous boom in solar energy
caused a lot of investors to come to the Czech etaakd invest in large solar power
plants. Formerly, the Czech government countedstipgort for solar energy with return
on investment in 15 years, however in 2008 therstdahnology reduced the price
dramatically, so the return on investment becamerteh and made solar energy in

the Czech Republic very lucrative business. Theabee a big problem for Czech citizens,
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the high support for solar energy was financed axygayers and made electricity more
expensive. The situation created negative enviromnfi@ solar business in the Czech
Republic, investors in solar energy were publichkanied for the situation and for
the increase in consumer prices by around 5%, hemvet was caused by unbalanced

planning of the Czech government at the beginning.

In 2010, the Czech government decided to imposa# svlergy tax of 26% for large solar

power plants over 30 kW of installed capacity, tseaould not harm smaller solar systems
e.g. built on houses roof tops. The new solar gnexg was concerning just solar power
plants launched in 2009 and 2010, as it shouldnicaldhe high support. Nevertheless, it
had big impact on many solar power projects, sohtkeocompanies could even bankrupt
because of this tax, it caused big differencemputation of revenues and problems with
bank loans. Itis still discussed if it was notiagathe law to impose such a tax ex post,
because most of the contracts about the purchadewricity price and support were

already signed for the period of guaranteed 20syead this tax caused major change.
Some of the investors appealed to law courts becatithis imposed solar tax and there
will be probably even international arbitrationgr&gn investors can be very discouraged
for next investments in the Czech business envisminthis case can fundamentally harm
the Czech business for future, foreign investons palge the Czech Republic to be

an unstable environmerit

32 IDNES. Solarni elektrarny se zdani 26 procefayline]. 2010 [cit. 2012-01-27]. Available at WWW
http://ekonomika.idnes.cz/solarni-elektrarny-serie6-procenty-d91-
/ekonomika.aspx?c=A101019 113251 ekonomika_fih
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8 Case study humber 1

This part of work is dedicated to the analysishef teal situation of the market with solar
energy. The information used in the case study ewmlected during my traineeship in
the Indian company Surana Ventures Ltd. producitgr snodules and other solar utilities.
This part is focused on detailed analysis of tHargzhotovoltaic module price of the given
company, followed by the market study and comparisiothe prices of cells and modules
with other companies. All the gathered informatisrused for the further market forecast

and final conclusion.

8.1 Company presentation and solar modules certificatio

Surana Ventures Limited manufactures solar eneygiesis, mainly solar photovoltaic
modules. The flexible manufacturing facility is éhag the company to adjust
the production to the customer’s need. The comgagps very good position among
the Indian producers and can compete with the nedde price. Surana Ventures Ltd. is
part of the Surana Group located in Hyderabad,alnilhe group was founded in 1978,
currently it is one of the country’s powerful indiigl manufacturers and a strong
diversified conglomerate covering following areasolar and wind power,
telecommunication, metal processing and infrastinect The Surana Group workforce
comprises of about 1200 employees. Surana Venprmsdes also other solar products:
solar home lightning, street lighting and solartéans. The company’s products are
certified by ISO 9001, IEC 61215 by Euro Test atVvT Surana Ventures manufacturing
plant was set up in Cherlapally, Hyderabad withirestalled capacity 12 MW, presently
the production capacity is 40 MW/ annum. Theréhes golar cell factory of 35 MW going
to be finished this yeat”

For the solar modules producer, the world’s recogphicertification of quality is very
important. For Asian modules producers it is a dasondition for penetrating to
the European market. Generally, the image of Agwoducts in Europe is mostly

represented by low quality and low durability. TlEghe main reason why certification of

% Surana Ventures LtcCompany presentatidonline]. 2011 [cit. 2011-07-06]. Available at WWW:
http://www.suranaventures.com
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solar modules is of high importance. One of the tngbsbally recognized certification

organizations is Underwriters Laboratories (UL)offers compliance in accordance to
the standards of the International Electrotechn@@nmission (IEC). These certifications
add value to the products and enables entry inntlbst demanded markets. Surana

Ventures is currently waiting to be certified by thL.

8.2 Solar photovoltaic modules production cycle

For the purpose of economies of scale, most ofctmpanies regardless the sector will
benefit if they are able to cover all stages of pneduction cycle, starting with the raw
material, going through all stages of productiosleyand ending with the final product.
Companies generally start just with operation ie oh the stages and then they develop
their business to cover more stages to be ablmatiyf cover all stages of the production
cycle. The largest companies in the sector saveegn@md resources by covering all

the stages and not being dependant on suppliers.

2) Picture - scheme

Silicon Solar Solar 1 Solar } Solar
wafer cell module applicati

/ d Sid N4 "4

Source: SolarWorld [online] 2011

1. Silicon is starting point of the solar productioytie, it is a material extracted from

sand, very common element on the earth, so thedenisst endless supply.

2. Solar wafer is developed during the second prodogtrocess step, highly pure
silicon is melted into blocks at very high temparat and then it hardens.
The blocks are formed into square columns. Thedenuts are cut in very thin

slices, or wafers, using special cutting technology

3. Solar cell is processed from solar wafer. Solalsaale basic elements of the solar

modules. The cells already have all of the techrittabutes to be able to generate
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electricity from sunlight. Positive and negativeade carriers are released in
the cells through light radiation causing electricarrent to flow. The quality and

efficiency of the solar cell is determining the hityeof the final solar module.

4. Solar modules are made by assembling solar cejither to large units. They are
framed and weather proofed. The solar energy medade the final products of
the production process and they can directly predelectricity from sunlight.
The current produced this way is converted to @adteing current by the inverted, so
it can be send to the grid or it can be directigcdus the house.

5. Solar applications are complete solar systems whar directly generate solar
energy and feed it in the grid. There are differsplutions for different purposes
off grid systems providing electricity for singleodrse, grid connected systems
providing electricity for commercial purposes (largolar power plants) or other
solutions as solar street and home lighting, sptavered water pumps and other

customized solution¥.

Surana Ventures Ltd. currently covers solar modageembling stage and very soon
the company will finish also the solar cell prodonot factory. Surana solar module
assembling line is operated by human work and esvtbrkforce in India is very cheap, it
can compete very well on the market with reasondblyer price. The most of the
European solar modules assembling lines are opkebgteobotic work which is generally
more precise, faster and makes less mistakes, @rottier hand in comparison with
the human workforce, the robotic machinery is vesgtly and crashes and any problems
with the machinery stop the whole production, thearation is costly and complicated, so
the production is less flexible and cannot be adpliso the customer needs as in case of
human workforce. The main problem is that the hunvarkforce is more expensive than

in Asia, so the machinery is a better option fer pnoducers.

3 SolarWorld.From sand to the modufenline]. 2011 [cit. 2011-07-06]. Available at WWW
http://www.solarworld.de/en/solar-power/from-sandatodule
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8.3 Jawaharlal Nehru National Solar Mission, Towards Bilding Solar India

The National Solar Mission is a great initiative tbe government of India to promote

renewable energy and addressing India’s energyrisechallenge. It is also focused on

contribution to the global effort to combat withetblimate change. This project includes
both solar photovoltaic energy and solar collectbrdia has very good location for using
solar energy, it is a tropical country where sunshg available for longer hours, so solar
energy has a great potential as future energy sodrdia is also a country where

electricity is still not available for the whole palation, the grid is not connecting all

remote areas and even in the big cities people tavface often power cuts. These are
the reasons why solar energy development can imeptioe development of the country
largely.

Under current conditions, solar energy is stillyeostly in comparison to other sources of
energy such as coal. The objective of the Nati@udhr Mission is to establish conditions

which will help rapid technological innovation lovirgy the energy production costs.

The Mission envisages achieving the grid parityhwabal by the year 2022. There are
already some off-grid applications ready mainly fieeeting rural energy needs. They are
available, cost-effective and rapid for direct exgian. The Indian government has set up
target of 20 000 MW of solar power by 2022.

The large national investment support will be giterthis Mission through different ways
to create really long term sustainable project. $hpport will be given to research and
development of innovative technology, to industdampanies producing silicon, wafers,
cells and modules, to education to be able to bumgoung engineers for solar sector and
to direct development in the States to help ruegians and remote areas which are not
connected to the grid. Solar lanterns and solarehlghting systems will be also used and
develop to be able to help households during pewes™

Generally, this Nation Solar Mission could have iEmdevelopment impact as the IT

development boom in India in 1990’s which massiveignged the business in India and

% Government of IndiaNational Solar Missiorfonline]. 2011 [cit. 2011-07-15]. Available at WWW
http://india.gov.in/allimpfrms/alldocs/15657.pdf
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its connection to foreign companies. Moreover, tMssion will have more impact

on poor people and rural areas development.

8.4 Price comparison

The table in Supplement 1 — Price compariSiman example of online retailers of solar
panels. This table shows the price list of différeolar panel brands, with panel’'s power,
minimum quantity which can be purchased for giveiegy cost of given panel in USD,
indication if the given panel has the UL certificat or not (indicator of quality), the most
important — price in USD per watt and the namehefdnline vendor (online sales of solar

panels) from where the information was taken.

The table in Supplement 1 — Price comparison costiilg amount of data about different
solar panels, the data are not really the repraseatsample of information about solar
panels, it is just an example from one the US wehshere online vendors can register to
announce their offers. There are major solar pabhedsds, from Germany: Conergy,
Centro Solar, Schott Solar; from the USA: Sun, Dla6d_.umos, Ecolargy; from Japan:
Sharp, Kyocera; from the South Korea: LG, Samsamgt very well known brand REC
from Norway. Among the brands there are a lot of ki&nds because the origin of
the website is the USA. The various online vendoesoffering different prices often for
the same brands, it always depends on the profigimavhich the company takes from

the sales.

The actual price of the solar panels is changing gaickly, some companies change their
prices every month. In last several years, theepot the solar photovoltaic panels
dropped. The solar panels business became a leatgemisiness, more producers entered

the market and naturally the price decreased.

In case of unknown brands of solar panels, theepsizisually lower. However, the quality
is also questionable. There are many new brandsolafr panels from Asia, the basic

problem is that most of these solar panel compatoasot have their products certified by

% Ecobusiness LinksSolar panels - best pricgsnline]. 2011 [cit. 2011-10-18]. Available at WWW
http://www.ecobusinesslinks.com/solar_panels.htm
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the international certification bodies and it iffidult for them to penetrate to international

solar markets.

4) Table — prices of solar panels, USD per watt

Solar modules mono mono | mono mono ) poly poly Incoterms
10-50W | 190W | 200W |300W |[100W | 230W
1.38-
Sungold Solar 165 FOB
Zhejiang Xiongtai Photovoltaic 1.243 1.269 1224 FOB
Technology
Foshan Oyad Electronic 1.9 1.9 1.9 1.9 1.9 FOB
Felicity Solar 1.65 FOB
Sunny International Power Corp 1.65 EXW
Wenzhou Dingwen New Energy
Science & Technology Co., Ltd 1.25 1.25 FOB
Tangshan Shaiyang Solar
Technology Co., Ltd. 1.3 1.3 1.3 1.3 1.3 1.3 FOB
Zhejiang SC Solar Technology | 4 54 120 | 120| 120 1.20 1.20 FOB
Co.,LTD
Faro Group 14-1.8 1418 1.4-1i8 FOB
Ningbo zhonghong photovoltaic 1.03- 1.03- 1.03- FOB
technology co.,Itd. 1.15 1.15 1.15
Macro-Solar Technology Co., Ltd 1.34 FOB
Cixi Henghe Chuanhong 135 | 135 | 135| 135 130  1.30 CIF
Appliance Factory
. . 1.68- 1.68- 1.68- 1.68-
Xiamen Jiaguang Imp&Exp Corp. 1.68-175 1.75 1.75 1.75 1.75 1.68-1.75 FOB

Explanation: prices of solar panels, units: USDatt, source: own research, information givenHey€hinese
companies in July 2011

The data in the upper table were given by the wiffe Chinese solar companies.
In general, the prices of solar panels in USD patt\are lower than in the table of very
well known brands. The prices are also given fdfetBnt wattage of solar panels,
the price per watt decreases with higher wattagikhepanel. Most of the companies give
just price per watt for any wattage of the paneldose the differences in price are not
crucial. In the last column of the table are wnttacoterms.

Incoterm (International Commercial Terms) are rdtgsdomestic and trade terms. These
rules describe the tasks, costs and risks invoivdte delivery of goods between sellers
and buyers. Ex Works (EXW) - the biggest part & thsponsibilities on the buyer and
minimum on the seller, the seller prepares goodthatnamed place of delivery and
the rest is up to the buyer. Free on Board (FO#yide the responsibilities among buyer
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and seller, the seller has to load the goods onoa& lnd from there the rest of
responsibilities are up to the buyer. Cost, Inscearand Freight (CIF) — divide

the responsibilities among buyer and seller, thikerséas to transport the goods till
the named port of delivery and also pay the instgdifl that point, the buyer takes the rest

of the responsibilities from the port of delivey.

The actual information about the price of solar gdarhas to indicate also the other
conditions, the currency of the price, if it is ghece per watt, how much it will cost with
the rest of the material for the complete photaiolsystem and Incoterms. Nevertheless,
the producers of the solar panels usually give texacing just with regard to
the demanded quantity. The seller usually offerdowrice with the higher demanded
guantity by the customer, so the actual pricingiven exactly according to the customer’s
demanded quantity. This is also the reason why rabshe well known solar modules
producers do not announce their prices directlytlogir website, they even provide
the pricing information just if the customer givbem detailed information about himself

and his solar project, it provides them the opputy for negotiation with their customer.

8.5 Surana Ventures Itd. — solar panel costs

As it was mentioned above in Surana Ventures ftttoduction and in the part of solar
photovoltaic modules production cycle, the solangia assembling line in the company
Surana Ventures ltd. is operated by human work.s Tiki specific for Asian solar

companies, human workforce in Asia is very cheapamparison to the machinery, and
most of the work which is in Europe already opeataby machines is done in Asia by
humans. The big German solar brands use very exgensachinery for solar panels
assembling which is precise and fast. On the dthad, human workforce is very flexible
and does not need expensive reparation as in daseachinery. The assembly line
operated by humans can produce solar panels afusawattages, the workers can work in
several work shifts and the company can adjust greduction according to the demand

of the client. Moreover, the assembly line of sqgb@nels and other factories provide

3" REGNEROVA. Trade and CommercBelivery Terms — lecture note€007. Lectures
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opportunity to work for many local people withouted of special education, just short

training is needed.

3) Picture — Human workforce in solar panels productio

Source: own photo taken in the factory of the comyfaurana Ventures ltd.,

Cherlapally, Hyderabad, Andhra Pradesh, India, Qi1

Human workforce is a big comparative advantageA&ian countries, mainly in the most
populated countries as China and India. All tredpcts, which can be produced by hands,
are generally produced cheaper in Asia than in i in America. Human workforce is
abundant production factor in Asia.

Surana Ventures Itd. is producing different sizesadar panels from very small used for
powering solar lanterns to very large used forddrgld solar power plants. The following
computation of costs was done with solar panelSwWwf 10w, 20w, 30W, 40W, 50W,
80w, 110W, 135W, 175W, 210W and 220W. The matergsdd for production of solar
panels is following: solar photovoltaic cells, Tadl— polymer material used as
photovoltaic panel backsheet, EVA — ethylene vimadetate, used for protecting
photovoltaic cells against water and breakage,ltengd glass — used as a top protection,
Junction box with cable set — used for outdoorrsel@ing, aluminium frame, adhesive
tape, no clean flux and no clean solder — usedsdétatering. More detailed information
about the panels in the Supplement 2 — Solar PVuieed
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6) Graph — costs of material- panel 220 W

Costs of material - panel 220 W

Buffing Anodizing

cutting & Adhesive Tapg. Silicon Glue
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Junction box with
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No Clean Flux
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No Clean Solder
Toughened Glass 1%
6%
EVA (> 50 W)
3%
TEDLAR
4%

SPV Cell
74%

Source: own computation from data from Surana Westltd

The upper graph “Costs of mater— solar panel 220 W” indicates percentage of cos
material used for production of the panel of pow20 2vatts. The computation incluc
just data available for production material costéaerning solar photovoltaipanels
assembling line of the company Surana Venturesthe. data comes from the period
May 2011, labour costs and capital are not constién this computation. The gra
shows that in case of the solar panel of 220 Whiljygest part of the cosare the solar
photovoltaic cellsthey formr 74 % of the total cost of the mesial used for this pane
Theother significant materials are: toughened glass &uminium frame 5%, junctio
box with cable set 4%, tedlar 4%, Eva 3From this corputation i is obvious that
thecost of solar photovoltaic cells ithe most signitant for the total costs
theproduction of solar panels, mainly in case of higittage solar panels used for la
projects of solar power plant
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7) Graph — costs of material- panel 5 W

Costs of material - panel 5 W
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Source: own computation from data from Surana Venture:

The upper graph “Costs of mater— solar panel 5 W” indicates percentage of cost
material used for production of the panel of powevatts. In compason to the graph of
the panel 220W, the material used for productiorthed small solar panel consists <
mainly from solar photovoltaic cells 44%, howein this case the other materials hi
more significant percentage proportion than indase othe big panel of 220 wattWith
regard to this comparison of production of the $maald tig panel it is obvious th:
thesmall panel production use relatively more constonc material than the materi
which makes the solar panel efficie- solar cells, so it makes the small solar pa

relatively more costly.
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8) Graph — wattage of module vs. conversion cost peratt

Wattage of module vs. conversion cost per
2,50 A
watt (in USD)
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Source: own computation from data from Surana \festitd.

This last graph “Wattage of module vs. conversiost @er watt (in USD)” shows how
much is the cost, computed for different size dasenodules. Finally, it is obvious that
the smaller the size of the modules, the highénaesprice per watt. The cost of production

of smaller modules is relatively higher than thetaaf production of the larger modules.

The company Surana Ventures Itd. will benefit mbreproduces mainly solar modules of
large size, solar modules of wattage around 200r&\uaed for large solar power energy
plants, in case of sale of these large size modthese is also a higher possibility that
the buyer will demand higher volume and the fin@afip for the producer will be bigger.
On the other hand, in conditions of a country alidrthe smaller solar modules are also
very useful because the company can sell themtegetith solar lightening systems for

use in rural areas and these projects can recegrenal government support.
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8.6 Sales and marketing potential — solar panels Surandentures Itd.

Many countries in the European Union decreasedfgigntly the government support for
solar energy, recently including the Czech Repuflids situation can be only temporary
problem, however in year 2012 the European Unidhnet be very potential market for
the solar panels of the company Surana Ventures Nielvertheless, according to
the document of the European Commission — EnerggdRap 2050, renewable energy
should be very much in focus for future, the plarta reach over 50% of final energy
consumption from renewable sources of energy wisieéhvery ambitious goal. The future
potential in this market is great but the Indiammpany has to keep the pace with
the technology improvements in the solar energyoseErom own experience from work
in Surana Ventures Itd., the companies in Europeeigdly judge the Indian products
as low quality products and these prejudgments kBareficant impact on possible trade.
Indian companies have to get all the internati@edaificates on their products to be able to
prove their quality standards and to be able taexp foreign markets.

Under current conditions, the best option for Sar&fentures Itd. would be to expand to
African market. As mentioned already in the presiopart of this work, in 2009
the estimation of the number of people without &leity was 1.4 billion people, most of
them were located in Sub-Saharan Africa. Theselpeop mainly living in rural areas and
electricity is a basic condition for developmenttirese areas. Most African electricity
supplies are government owned and operated. Theritprifor grid supplies and
the allocation of generating capacity have bedescdnd towns, providing electricity grid
to dispersed rural areas is expensive, inefficarat with low return on investment. This is
a great problem in Sub-Saharan countries, till yaaane of these countries has managed
to provide electricity to significant majority ohe rural population. In cities, there is
a problem with increasing demand for air conditngni mainly for uninsulated and
unshaded buildings, and this is weakening the ratégt supply in general and causing
often blackouts in cities.

Access to reliable, safe and mostly environmenfaigndly energy is among the basic
conditions for human development, providing eneaggess is among the needs to achieve

the United Nations Millennium Development Goalscéss to energy can improve not just
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basic living conditions but it also helps to ingeaeconomic development, enhancing
value-added activities, prolonging daylight hourad acreating additional working

opportunities.

Energy is among main focus of the Millennium Deypahent Goals:

» Access to energy decreases hunger and improvessaitcsafe drinking water

* Access to energy decreases threat of diseasegdinces child mortality

* Energy helps to achieve universal primary educatod the empowerment of
women

» Efficient use of energy promotes environmental aunsbility

* Access to energy enables urban mobility which helpder employment and

economic opportunities in the city

The African countries have to change their polidessncourage further development.
The OECD and the EU countries contrast with engrgjicy in Africa. The OECD and
the EU put great effort on enhancing renewableg@nand regulation of energy supplies.
These policies focus on great energy security,gotmn from fossil fuels price increase
and reduction in fossil carbon emissions. Howegeme of the African countries have
already taken preliminary actions in energy fidltere are several examples of integrated
liberalization and initiatives of renewable eneigyAfrica: Ghana — Energy Foundation
(from 1997) - information and promotion, Ghana -edilicity Commission (Act 1997) —
Grants for renewable energy, especially rural afemtion, Kenya — Electricity Act
(1997) — Geothermal power, Mauritius — Sugar InquEfficiency Act (1991) — Exported
electricity from sugar mills, Uganda - Republicwdanda Act 1999, sect 66 — grants and
subsidies for renewable energy from a “rural eigcaition fund”, Zambia — Energy
Regulation Board (from 1997). In Kenya, governmgmpports solar panels for heating
water at all new housing projects from the year20lhese are significant examples that

African countries support renewable enetjy.

3 UNITED NATIONS. Energy for Sustainable Development: Policy OptifamsAfrica. [online]. 2008]cit.
2012-02-08]. Available at WWW: http://www.uneca.teca_resources/publications/unea-publication-
tocsd15.pdf
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There are major changes and reforms in energy rst&aitimg place in African countries.

New structural changes are mainly encouraging f@igactor in generation, transmission
and distribution of energy. Private investments usthobe the key ones for further

development of energy situation. These reformshrarg foreign investors to Africa and

enhance commerce with other continents. The demedap of energy sector and new
reforms are supported strongly by the United Nation

According to the given information, Sub-Saharani&drcan be very likely potential
market for solar panels and solar lightening préslof the company Surana Ventures ltd.

Currently, the company Surana Ventures Itd. shodddlow these proposed

recommendations to be able to exploit African marke

» contact different companies — solar products itesabf retailers

» follow up governmental support and regional prggentdifferent countries

» getlocal contacts — people who understand loaaditions and trends

e in future — build new factory for assembling sofzanels in selected African

country, it will decrease transportation costs #rey will be able to employ local

workers at low cost

These proposed recommendations could significamttrease the company’s sales.
The probably most important aspect is to have looatact persons who could help with
orientation on the market. Currently, the accesstiernet connected with accessibility to
electricity is still big issue in most of the Afdan countries, so the local retailer and
installing companies cannot be reached easily maik- Local contact person can ensure
the analysis of the solar panels market in the rgigeuntry and he/she can ensure
the committed and responsible communication witleipital customers.
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8.7 Recycling of photovoltaic panels

Recycling of solar panels became a great issue wiidler spreading of the solar energy
technology around the world. A challenge in reayglof solar photovoltaic panels is that
their lifetime is estimated to 25 years and tecéiniéetime is as long as 30 to 40 years.
So under current conditions in the year 2012, teeyaling of solar panels is not

economically viable, this problem will become relavin 2025 and in following years.
There are three basic types of solar panels:

1. Crystalline Silicon — Monocrystalline and Multictgline — mostly used, made
from silicon

2. Thin film — one or more thin layers made from phwitaic material — Amorphous
silicon, Cadmium telluride (high toxic material)p@per indium gallium selenide

3. New and emerging technologies, still under resear€oncentrator photovoltaics,

Organic solar cells, Hybrid cells

The European Commission in 2008 proposed to ré&diasttive 2002/96/EC on waste
electrical and electronic equipment (WEEBE)According to this Directive, all
electrical and electronic equipment produced inBEbeopean Union should be recycled
or reused. The producers of this equipment shoasigd their products already
in advance to be able to recycle them after usggmbsumer and consumer should be
able to return the product to its producer or letafter the lifetime of this product.
The objective of the Directive is to encourage oliog of materials used for
production of electric and electronic devices amul preserve environment.
In the Article 2 of this Directive there are defthelifferent categories of products
according to their use, solar photovoltaic paneks ot specifically mentioned in
the categories, however it would probably be pérthe category number 1 — Large
household appliances — as freezer, electric radiato. According to these categories
of WEEE, there is an indication of how many peragfhe weight of the electrical or
electronic equipment should be reused or recycled mainly for larger WEEE
the percentage is 80% or 70%. As the Directivelds (/lom 2002) and it does not

%9 European Commissiotudy on Photovoltaic Pandlsnline]. 2011[cit. 2012-02-08]. Available at WWW:
http://ec.europa.eu/environment/waste/weee/pdfiBaRdon%20PVs%20Bio%20final.pdf
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include new devices it should be renewed and irclido solar photovoltaic panels.
Nevertheless, this Directive or the Directive whialhll follow is a big issue for

producers of solar photovoltaic panels, they havile into account recycling of their
panels after their lifetime and they have to diseahplement it in the cost of their

solar photovoltaic panef§.

The most widespread technology which is currenteduis the solar photovoltaic
panels made from Crystalline Silicon — Monocrystall and Multicrystalline.
For the recycling purpose, these photovoltaic maoehtain a lot of glass, aluminium

and of course silicon photovoltaic cells.

This is also the case for Surana Ventures ltdhgfcompany wants to increase sales of
its solar photovoltaic panels — MonocrystallineMulticrystalline, it has to obey rules

of the European Union and it has to have recygholircy.

0 European Commissiolirective 2002/96/EQonline]. [cit. 2012-02-08] Available at WWW: htteur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:30IB7:0024:0038:en:PDF
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9 Case study humber 2

This part of work is dedicated to the analysis eachparison of different energy projects,
comparing conventional sources of energy with a#tBve sources of energy. The selected
examples are real and should help to illustratéemihces of investments and costs of
different options of energy production. During tresearch conducted for this diploma
thesis in several cases it was not desirable ®ctmpanies to publish certain information

for obvious reasons.

9.1 Company X — solar photovoltaic power plant in the @ech Republic

5) Table — Company X

Total investment for installed capacity of 1 MW | 77 000 000 CZK

Investment for installed capacity of 1 kW 77 000KCZ

30 to 40 years (20 years guaranteed purchasing

Estimated lifetime prices by regulatory directives ERU)

Credit provided by the bank 80%

Own sources (land + investment) 20%

73% from annual profit, including tax of 26% (for 3

Each year payment for creditis years) which was imposed ex post

1.62 EUR per Wp = 39.74 CZK (counted with

Cost of solar photovoltaic panel currency rates of November 2010 when the project
was built)
Total costs for solar PV panels per 1 MW 39 740 gaK

The solar photovoltaic project was built in 2010thve Czech Republic. The installed
photovoltaic panels are 190 W panels. As other smaver projects, the Company X was
under big pressure in 2010 because there was at ttivat if the project would not be
finished by the end of the year 2010 and connetcie¢ke grid, it could not get the contract
with the energy distribution company for electgcisupplied to the grid. Finally,
the project was connected in time, before the dndeoyear 2010 which was necessary for

success of the project.
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The purchasing price of electricity supplied to gred was 12.40 CZK per Watt in 2011
and according to the law, each year this contrapte@ will increase by 2%, the contract
with the energy distribution company is for 20 yweajuaranteed for the supply of
the electricity to the grid, regulated by the diiees of Energy Regulatory Office (ERU).
However, the Czech government imposed in the sameetax of 26% for the period of 3
years, the investors did not count with such a rssepand the profit of the projects
decreased significantly, some companies buildingrgwojects went bankrupt because of
this tax. Fortunately, the project of the Companwas well covered by the contract with

the bank and with the investor, anyway the Compéhgad to add some personal loans.

The Company X counts with slightly decreasing éficy of 1% per year of the capacity
of the solar panels. The contract with the energyridution company is for 20 years,
however the estimated lifetime of the solar photaro power plant is even 30 to 40 years,
it is depending on different factors, the efficigneill decrease significantly after 20 years
of production but it can still have around 80% dficeency. The solar project of
the Company X is secured by a special high fencsggaarity system with cameras and
security guard. It has also a special insurancensigatealing, breakage, different natural
causes and calamities.

9) Graph — Global insolation in 2011
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The upper graph indicates the Global insolationnduthe first year of production 2011 of
the project Company X, it is indicated in kWh pef, simply said how much the Sun was
shining. The graph shows the predicted insolatiath wed colour of the columns and
the real insolation with yellow colour. Generaltil May the results were very positive
and the insolation of the solar panels was highan tpredicted, March and November
were extraordinary good months, on the other hahdy and December were very
disappointing. As a result the overall insolatiamidg the year 2011 was higher by 4.7 %

than it was predicted.

6) Table — Company X computation

. annual . . production* '
years | capacity production in purc_hasmg price purchasing Profit - after tax
ecreasing by KW in CZK . 26% (3years)
price

2011 1% 930 000 12,40 11 532 000 8 533 680
2012 1% 920 700 12,65 11 645 014 8 617 310
2013 1% 911 493 12,90 11 759 135 8 701 760
2014 1% 902 378 13,16 11 874 374 11 874 374
2015 1% 893 354 13,42 11 990 743 11 990 743
2016 1% 884 421 13,69 12 108 252 12 108 252
2017 1% 875577 13,96 12 226 913 12 226 913
2018 1% 866 821 14,24 12 346 737 12 346 737
2019 1% 858 153 14,53 12 467 735 12 467 735
2020 1% 849 571 14,82 12 589 919 12 589 919
2021 1% 841 075 15,12 12 713 300 12 713 300Q
2022 1% 832 665 15,42 12 837 890 12 837 89(Q
2023 1% 824 338 15,73 12 963 702 12 963 702
2024 1% 816 095 16,04 13 090 746 13 090 746
2025 1% 807 934 16,36 13 219 035 13 219 035
2026 1% 799 854 16,69 13 348 582 13 348 582
2027 1% 791 856 17,02 13 479 398 13 479 398
2028 1% 783 937 17,36 13611 496 13 611 496
2029 1% 776 098 17,71 13 744 889 13 744 889
2030 1% 768 337 18,06 13 879 589 13 879 589

Source: own computation from the data given by @@mpany X

The upper table indicates computation of the prodocof the Company X during 20

years. This computation includes also decreasifigeicy of the production capacity by
1% each year. The installed capacity of the pragedt MW and the counted insolation is
930 hours per year (counted according to the looand predicted insolation). The table
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shows annual production in kW, the changing purncigagprice by 2% every year
contracted with the energy distribution companyfated by the directive from ERU),
then it shows the annual production of the solavgrgplant multiplied by the purchasing
price of the year and finally it shows the revemier tax of 26% (just for 3 years at
the beginning). The total predicted production leteicity in 20 years is 16 934 655 kW.
However, this computation of profits in the uppale does not include repayment of the
credit from bank and it does not include the openall annual expenses of the solar power

plant.

The returnability of the solar power project of thiempany X was around 10 years before
the tax was imposed. The returnability of the projgf the Company X after the tax of

26% was imposed (tax for 3 years) is counted agehBs.
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9.2 Company Y - Biogas power station plant in the CzecRepublic

This case study was used from the diploma thests titie “Production, modification and
usage of biogas in energetics and transportatioris Tereza VySteinova. It is a very
good example of economic analysis of building bggmwer station, it is providing
a perfect opportunity to compare this renewableusse of energy with others.

These calculations were made with regard to theditons in year 2011. The biogas
station is in the category AF1 which means tha pprocessing crops planted on purpose
of energy production. In the category AF2 thereraegerials which are the side products
from production in agriculture. According to thesategories there are also different
purchasing prices of electricity given by the Czegbvernment. This case study is
considering two different options of processing gaie in the biogas power station.
The first option considers investment for buildibpgas power station and processing
biogas to produce electricity and to produce haabt side effect in cogeneration unit.
The second option considers investment for buildimgas power station and additional
investment for cleaning and processing biogas toabke to sell it in gas form as

biomethane.

7) Table — Company Y

Total investment for installed capacity of 1MW 8336000 CZK

92 000 000 CZK
Total investment with cleaning technology of biogas

Investment for installed capacity of 1 kW 92 000KCZ

Estimated lifetime 30 to 40 years

The calculation of investment does not include rayeanent of the land, connection to
the grid, heat pipe-line, sewerage, water pipe-lar@l in case of biomethane other
arrangements for distribution. The investment far tleaning technology of biogas was

estimated roughly as additional 10 % investmenthastechnology is still under research
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and development. The total
With increasing installed capacity, the total irtvesnt needed is decreasifiy.

Option 1

investment depends an tttal

installed capacity.

The produced biogas will be transformed into eleityrand heat in the cogeneration unit

of IMW and it is assumed that the own consumptibthe biogas power station will be

5 % of the total electricity capacity and 30 % bé ttotal heat produced. The produced

electricity will be sold to the distributing energgmpany for the purchasing prices set for

the year 2011. The production of heat at the bipgager station should not be considered

as part of the profit because most of the biogatsosts are usually located far away from

some residential area, so the distribution of tkeattwill be problematic. However, if

the location of the project will be suitable, theglling of the heat can be profitable and

will not be wasted.

Utilization time of the capacity of cogenerationitun.................. 8000 hours /year

(21.9 hours per day)

Purchasing price of electricity from biogas stasigAF1) in 2011.........4.12 CZK/ kWh

The total electric capacity of the biogas station....................

The total heat capacity of the biogas station............ cocuuu......

8) Table — Company Y,

option 1

veeer ... 1000 kKW
ceeeen... 1040 kKW

power capacity in
kw

annual
production in
kWh

Real annual
production in
kWh - 90%

Profit -
purchasing
price 4.12
CZK/kWh

Total el. capacity of biogas st.

1000

8 000 000

El. capacity - own consumption

50

400 000

El. capacity - sold to grid

950

7 600 000

6 840 000

28 180 800

power capacity in
kw

annual
production in
kWh

Real annual
production in
kWh - 60%

Profit -
purchasing
price 300
CZK/GJ

Total heat capacity of biogas st

1040

8 320 00(

Heat capacity - own consumptiq

N 312

2 496 000

Heat capacity - sold

728

5824 000

3 494 400

30004

“1VYSTEINOVA, TerezaDP: Vyroba, Gprava a vyuZiti bioplynu v energeticgopray [online]. ZCU v
Plzni, 2011 [cit. 2012-02-18]. Available at WWW1it//www.czba.cz/aktuality/dp-vyroba-uprava-a-vytiszi
bioplynu-v-energetice-a-doprave.html
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Total profit 31 954 80(

Source: VYSTEINOVA, TerezdP: Vyroba, Gprava a vyuZiti bioplynu v energeticdopray [online]. 2011

The annual profit from the electricity produced &otd to the grid will be 28 million CZK
and if the produced heat will be also possibleeiy then the total profit will increase by
3.7 million to the total 32 million CZK.

Option 2

In this case, there will be installed smaller cagation unit of production electric capacity
of 255 kWh and heat capacity of 419 kWh. This cegation unit will produce 82 frof

gas every hour. This gas will be produced by tla¢iast from biogas (biomethane) after
cleaning process and it will be equivalent to ratgas that is distributed in the pipe-line.
All data related to the biogas cleaning technolagg numbers in this option are rough
assumptions because the exact numbers are sedtet pfoduction companies and still

under research.

Utilization time of the capacity of cogenerationtun.................. ...8000 hours /year
Purchasing price of electricity from biogas stasi¢AF1) in 2011......... 4.12 CZK/ kWh
Purchasing price of natural gasin 2011..............ccooiiiiiiiiiiiene. 13 CZK/ Nn?
The total electric capacity of the biogas station.......................... .... 255 KW

The total heat capacity of the biogas station............ceomeeevnennne... 419 KW

9) Table — Company Y, option 2

Profit -
ower capacit annual Real annual urchasin
ﬁ] KW pactly production in production in Erice 4 129
- 0, )
kwh kWh - 90% CZK/KWh
Total el. capacity of biogas st. 255 2 040 000 - -
El. capacity - own consumption 100 800 000 - -
El. capacity - sold to grid 155 1240 000 1116 000 4597 920
power capacity annual
! production in
in KW KWh
Total heat capacity of biogas st. 419 3352 00(
Heat capacity = own consumption 419 3352 000
cleaning
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Production of biomethane 2 000 000 % hyear
Own consumption of biomethane 656 000 3 Irpear
Biomethane sold 1 344 000 Sihyear
Profit from selling biomethane 17 472 000 CZK /yea
Total profit 22 069 92(

Source: VYSTEINOVA, TerezdDP: Vyroba, Gprava a vyuZiti bioplynu v energeticdopray [online]. 2011

The calculation of the Option 2 shows the cogermrainit will produce more electricity
than it can be consumed by the biogas stationhsadst can be sold to the grid with
a profit of 4.6 million CZK. The major profit wilbe from the production of biomethane,
with the price of 13 CZK for th and the annual profit will be 17.5 million CZKh@ total
profit from Option 2 will be 22 million CZK per yea

In conclusion, the Option 1 is more profitable underrent conditions even without
selling the additional heat produced, it is morefipable to produce electricity and heat
from the biogas power station than use the cleateognology and transform produced

biogas into biomethane and sell it to the gas pipe-

It is assumed that the repayment period for thgdsopower station will be 4-6 years,

depending on the fact if the investor uses addaligovernment support or not.
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9.3 Company Z — wind power station in the Czech Repulii

The company Z built the wind power station in 200%ere is just limited information

about this project.

10)Table — Company Z

Total investment for installed capacity of 1 MW 000 CzK
Investment for installed capacity of 1 kW 93 000KCZ
Estimated lifetime 30 years

The highest cost of the total investment was thegoayeneration machine (wind turbine)
which made about 39%, the rest was: concrete fdiordaf the wind power station,

switching station, transformer station, cablestagie room, construction of road and snow
scooter. In year 2007, the purchasing price wasCZR per kWh. The guaranteed period
of purchasing electricity generated by the wind postation connected to the grid is 20

years.

11)Table — Company Z computation

Profit -
power annual urchasin
capacity in production in pu o8 9
KW KWh price 2.
CZK/kWh
Total el. capacity of wind station 1 000 4 500 000 -
El. capacity - own consumption ? ? -
El. capacity - sold to grid 1000 4 500 000 12 600

Source: own computation from the data given byGbepany Z

The information about the own consumption of eleityr is not available. The annual
production of the wind station is 4.5 GWh per yewgith the purchasing price in 2007 of
2.8 CZK per kWh the wind station generates 12.8ionilCZK of profit. The information

about the operational costs is not available, rioispossible to indicate the annual revenue.

The construction of wind power station includesesal/specific issues, the wind turbine
has to be built at very windy location which istpairits limits of success. The investor has

to consult a professional to be sure that someepaécland is appropriate for building
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a wind power station. There is another problem @s& which the wind turbine makes,
people in surrounding areas may protest againSoitgenerally it will be better if the wind
power station is located in some isolated aredréen residential buildings. Another issue
is that environmental activists claim that a wiraver station can hurt population of local
birds. This does not help the overall image of wpoaver station but in reality, it was not
even confirmed that it makes some significant pFoid to local birds.

9.4 Nuclear energy power plant Temelin

The first project and investment proposal was eckan 1979, this proposal included 4
blocks of nuclear power station of the total capaclO00 MW. After the Velvet
Revolution in 1989 under new economic and politicahditions, the project was re-
evaluated, the main question was if the Czech Rapually needs the nuclear power
station of the capacity 4000 MW. Finally, it wascidied to realize the project just with 2
blocks and in year 2000 the first production ofcedeity in the power plant started.
The nuclear power station Temelin is under managemgthe energy compangEZ,
however as the strategic sources of energy it tide tpartly managed also by the Czech

government.

12)Table — Temelin

Total investment for installed capacity of 2000 MVy 98 600 000 000 CZK

Investment for installed capacity of 1 MW 49 30ME@ZK
Investment for installed capacity of 1 kW 49 300KCZ
Estimated lifetime 40 to 60 years

The final price of the nuclear power station Temeli 2000 MW was 98.6 milliards CZK,

however the predicted price from the former budfyetn 1980s was about half of
the actual price. The final price increased becafsthe increasing prices of materials
in 1990s and mainly also because of the raising ésecurity of the nuclear blocks and

the use of modern technology and materials.
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From the point of view of investment, building ofialear power station is a very
demanding project and it can be handled just by M@rancially stable company.
Nevertheless, the primary investment is then badry relatively cheap operational cost.
The operational costs of nuclear power station gqui#e cheap and it is said to be
the cheapest from all sources of energy followedpbwer station from coal and then
followed by power station from gas. The lower @p@nal costs of the production of
electricity from nuclear power station are balagcithe increasing final prices for
the customer. The main operational costs are tke afothe material used for powering
the nuclear power station — Uranium 235, the sgcwiystems and the cost of working
staff. Obviously, the compan¢EZ does not want to publish the operational co$ts o

the nuclear power station as it would reveal tpeafit margin from the produced energy.
42

10)Graph - Temelin
The energy production during years 2000 — 2011h@ riuclear power station Temelin

(values given in MW)
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Source: Press department of the nuclear poweostaigmelin

The graph shows that the production of the nugbeaver station Temelin in the last three
years reached the value over 13 TW, in 2011 thdymtton was close to 14 TW which is
enormous amount of energy. For example in 2010,t¢ked production of electricity
in the Czech Republic was 85.91 TW and the prodocbtf electricity in the Czech
Republic from the nuclear power stations (Temetid Bukovany) was 27.99 TW which is

2 CEZ. Nuclear power station TemeliB011. Information given by the press department.
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about 32.6 % of the total production. The totalsgreaonsumption of energy in the Czech
Republic in year 2010 was 70.9 TW, the productieeneenables us to trade the electricity
with the neighbouring countries. So, the nucleawgrostations are very important source

of energy in the Czech Repubfit.

The projected lifetime of the nuclear power stati@melin is 30 years. The lifetime is
mainly given by the state of the pressure vesstiefeactor which is regularly controlled.
Currently, it is already obvious that the nucleawpr station will be used for at least 40
years. The managing compa@¥Z supposes that the nuclear power station Tencalin
securely produce electricity for 60 years. Eveny years, the companyEZ testifies to
the State Office for Nuclear Energy that the nuclgawer station Temelin is producing
safely and it will be safely producing for at leamixt 10 years, after these periodical
controls the State Office of Nuclear Energy issliesnce for the compan¢EZ for
the next 10 years of production. The first blocls tieence valid until the year 2020 and
the second block will be controlled this year 2Gi®I the compan¢EZ will apply for

the licence for the next 10 years of production.

The nuclear energy is relatively clean, it doesproduce greenhouse gases. However, it
produces waste from processing uranium and gepgradiple are scared about their safety
as they heard about the cases as Chernobyl andgliioka As it was discussed in previous
parts of this work, nuclear energy is not very dapnowadays between our neighbours as
Germany and Austria. However, according to theeStainception of Energy in the Czech
Republic for the upcoming future, the use of nuck@ergy will be probably increasing
in future in the Czech Republic. There is a graatussion, in generally public but also
between politics, if to complete the former Temgdinject of 4 blocks or not and it seems
that the most probably the project of Temelin vad finished in the near future and

the remaining two blocks will be built.

“3 ERU. Energie 2010, statistikponline]. [cit. 2012-02-11]. Available at WWW:
http://www.eru.cz/user_data/files/statistika_elekiocni_zprava/2010/pdf/energie.pdf
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9.5 Comparison of different energy projects in Case sty number 2

It is not easy to compare these different energyepts because each of them has some
specific issues and includes different risks, ctbods of the environment and need of
specific maintenance during the production. Howgeegen simple comparison of initial

investment, annual production of electricity andfprper year, is very interesting.

13)Table - comparison

annual

Source investment for production in profit per
1MW, CZK W year
Company X — solar 77 000 000 930 000 8 534 00(¢
Company Y — biogas 83 663 000 8 000 000 28181 00
Company Z — wind 93 000 000 4 500 000 12 600 00
Temelin — nuclear 49 300 000 6 950 000 ?

Table — own computation

The upper table shows comparison of the Companié&§ X and the nuclear power station

Temelin from the previous parts. The computatiomede for the installed capacity of

1 MW for each source of energy. The first columdicates investment, the lowest initial

investment is needed for construction of 1 MW oflear power station, the second lowest
is needed for solar power plant, the highest isleden case of wind power station.

The second column of the table is very interestingdicates annual production of energy
of different projects with the same installed catyacf 1 MW. The highest production is
reached in case of the biogas power station wild@B000 kW production per year, it is
even higher than in case of the nuclear powerostgttounted from the latest production
capacity of Temelin in 2011). The solar power statproduces more than 8 times less
energy per year than the biogas power station ted.tdhe major cause of this result is
basically the production time per day of differpotver stations, solar station is depending
on insolation hours per day and on seasonal chamged station is depending on wind
flows and also on seasonal changes, nuclear sthierto be put out of operation very
often and it has to be regulated for security reashowever biogas station can run almost
nonstop. It is obvious just even from comparisonhef time of production in solar power
plant and biogas power plants, it is 930 hoursyper in case of solar plant and 8000 hours
per year in case of biogas plant (from the analygseses).
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The third column is actually the most interestingthe comparison, it shows the profit of
different energy power plants per year. The higlpesfit is the profit of biogas power
station with 28 million (does not include profibin heat), then the second highest profit is
the profit of 12.6 million of the wind energy powstation, almost twice smaller than
the profit of biogas power station, and the lowmsffit is the profit of solar power station
with 8.5 million. The profit of nuclear power stai is unknown, as the purchasing price is

not applicable in this case.

Nevertheless, the comparison of profit betweenrsdleogas and wind energy power
station is little biased. This comparison is notirting with operational costs, there is not
much maintenance needed in case of solar and watidrss, just security and controlling
systems, staff needed for example in case of snowotar panels or in case of needed
reparations. The biogas power station cannot fanattithout daily operations, the biogas
station needs to be fed with inputs on daily baBe investor has to consider appropriate
choice of biomass for feeding of biogas power statthe Company Y was considering
special production of energy rich crops which soadignificant cost, including necessary
work. On the other hand, biomass waste can beuaksd and then it depends on the source
of the biodegradable waste but in case of the wesllected from restaurants or other,
the restaurants even have to pay for disposaleoivdste. Different types of biomass have

different efficiency. These factors have to be adered in primary business plan.

Natural conditions and conditions of the environment are substanti@mpses of

renewable resources. To be able to build solar patation, the investor needs land with
good orientation, not surrounded by trees or roideslly located at well insolated region.
For the water power station, the investor needsutp piece of land on river. In case of
wind power station, the project has to be builtvery windy area. Otherwise all these
projects will not work. On the other hand, biogasvpr station does not have to be built at
special location with specific natural conditionst it has to have access to sufficient
biomass feeding, either from agricultural activity from biodegradable waste of other

activities.

Social conditions and risksare also very important aspects of business plagnefgy
power plants. General public has to understangHm@ed project and has to approve it or
the project will not be successful. People oftearhw read about some incorrectly built
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projects of wind power stations which make noigegés station which produces smell
in surrounding areas or solar power plant whichugt on wrong place and does not fit to
local landscape. These are cases that do not helpmage of renewable energies.

However, well constructed renewable energy praggaould not harm its surroundings.

When considering different energy options as irstestarious factors and risks have to be
taken into account. There are safety risks condetdeany manipulation with energy,
safety risks connected with wind turbines fallingaoh (in extreme cases), in case of solar
power plant there are no real safety risks, butetiteuld be safety risks related to biogas
power station as manipulation with natural gas.sehactors could also threaten people
when building power station close to their houséswyever, people are still more scared of
nuclear power stations because the impact of aoplgm in nuclear station could be
devastating. After disasters in Chernobyl and Fhkua, all nuclear power station
strengthened their safety systems but some cosntestricted use of nuclear energy

totally.

Economic conditions and feed-in tariffs are basic factors of decision making for
investors. Feed-in tariffs of each renewable endpmychasing prices) are determining
the profit of the project, the level of feed-in itk is decided by government and
predestines the level and pace of developmentn&wable energy. Undoubtedly, without
high feed-in tariffs for solar energy in the Czé&dpublic there would never has been such
a big boom with solar power plants. However, in saene time the level of feed-in tariffs
gives better opportunity to grow for certain renbigaenergy, privileging some from

others.

All these factors have to be taken into accountnwdmmparing renewable energy projects.
It is not possible to simply evaluate the profit@piof these projects because there are
more aspects of renewable energy production. If hgects should be successful,

sustainability and all influencing conditions hawebe part of the evaluation.
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10 Conclusion

Renewable energy technology had been improvingyeyear during the last decade,
however it is still marginal way of production afexgy. The real pace of the development
of renewable energy is indicated by its cost anddmyial-economic conditions. Generally,
renewable energy is still very expensive in congmarito conventional energy but it is

probably just a matter of time.

The case study number 1 about the solar produsepa&oy Surana Ventures Itd. showed
the material costs in production of solar panelkdia. This case brought very interesting
example and inside view of solar photovoltaic papedducer in economically rising
conditions of quickly developing India. The probtkty of the company is ensured by low
cost of its production and by the opportunitiestiod market. Currently, solar projects
in India are successful due to Jawaharlal NehruoNak Solar Mission — national support
program. The detailed analysis of Surana’s produoctnaterial cost showed that more
profitable is to produce larger solar panels thaalker panels. Larger solar panels can be
sold for larger solar field projects. The smallangls are also good products in case of
connection of solar panels with solar lanterns @&y could be well distributed in rural
areas of India. However, the export of Surana’sirsphnels to Europe is limited due to
need of certain certificates and also due to pgnehts related to Indian products.
Anyway, the European market with solar panels islidieg in years 2011-2012 and
governmental support is also low. As the resulamdlysis of overall conditions, the best
recommended market for export of Surana’s solaelgais the African market, mainly

countries with increasing governmental supporsfilar panels such as Kenya.

The case study number 2 provided very interestorgparison of three renewable energy
projects with one nuclear energy project from thepof view of investor in the Czech
Republic. There was the solar power plant projé€ampany X, the biogas power station
of Company Y, the wind power station of Company i ghe nuclear power plant
Temelin. It was not very easy to compare so varmogects, however different aspects
had to be taken in account: investment, annual ymto@h, but also risks and limits of
production and social-economic conditions of theatmn. The analysis was done for

1 MW of installed capacity to be able to comparepabjects. The lowest investment
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needed for 1 MW was in nuclear power station. Havgethe highest annual production of
energy was found out in case of biogas power stagod also its profit per year was
the highest of all studied renewable energy prejechis result is caused mainly by
the production hours per year which is the highediiogas power station. On the other
hand, biogas power station is depending on itstspgolar and wind power plants are
depending just on weather conditions. Biogas past&tion needs daily maintenance and
service so the project can create employment fmal Ipeople. Solar and wind power plants
do not need daily service and they are not soufckaal employment (just for few

people). Clearly from the point of view of investéhe best opportunity is the biogas
power station but it is very much dependent on ts@nd it is limited by the cost of its

inputs, it cannot be built just anywhere (too feonfi its source of biomass) and it needs
maintenance. The solar power plant was very ptaétgust in years with high feed-in

tariffs.

All renewable energy options depend on governmestgiport and feed-in tariffs.
The profitability of the renewable energy projessimply given by the feed-in tariffs.
Under current conditions, the renewable energy @anompete on energy market with
prices of conventional energy. However, the priteremewable energy technology is
decreasing due to governmental support and expgndia of this technology. Renewable

energy could reach grid parity in near future.
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12 Supplements

Supplement 1 - price comparison

Solar panel | Power Min. Cost of UL price $ Vendor
brand quantity | panel $ | listed? | per watt
Conergy 225 60 $263.97 UL $1.17 The Solar BiZ
Conergy 225 40 $266.97 UL $1.19 The Solar BiZ
DMSolar 250 22 $320.00 - $1.28 DmSolar
Sun 190 1 $254.60 - $1.34 Sun Electronics
Sun 195 1 $261.30 - $1.34 Sun Electronics
Canadian Solar 230 1 $308.20 UL $1.34 Sun Electronics
Conergy 235 60 $319.97 UL $1.36 The Solar BiZ
Canadian Solar 225 1 $312.75 UL $1.39 Affordable Solar
Canadian Solar 235 1 $329.57 UL $1.40 Affordable Solar
Conergy 235 40 $329.97 UL $1.40 The Solar BiZ
REC 215 1 $303.21 UL $1.41 CivicSolar
Centro Solar 230 54 $325.97 UL $1.42 The Solar BiZ
Canadian Solar 215 1 $309.60 UL $1.44 Sun Electronics
Canadian Solar 230 1 $331.20 UL $1.44 Affordable Solar
Canadian Solar 220 2 $316.80 UL $1.44 Sun Electronics
Conergy 235 20 $337.97 UL $1.44 The Solar BiZ
LG 230 30 $331.12 UL $1.44 Beyond Oil Solar
LG 230 1 $340.40 UL $1.48 Beyond QOil Solar
Canadian Solar 230 1 $340.40 UL $1.48 DmSolar
Canadian Solar 245 1 $362.60 UL $1.48 DmSolar
Canadian Solar 295 1 $436.60 UL $1.48 DmSolar
Micromorph 130 1 $195.00 - $1.50 DmSolar
Sharp 240 17 $360.00 UL $1.50 Solar Wholesale
Products
Sharp 240 34 $360.00 UL $1.50 Solar Wholesale
Products
Canadian Solar 225 1 $348.75 UL $1.55 CivicSolar
Sharp 240 1 $372.00 UL $1.55 Solar Wholesale
Products
Canadian Solar 230 1 $356.50 UL $1.55 CivicSolar
Sharp 240 2 $372.00 UL $1.55 Beyond Oil Solar
Canadian Solarf 230 20 $356.50 UL $1.55 SolarSyz
Canadian Solaf 235 20 $364.25 UL $1.55 SolarSyz
EcoSolargy 230 23 $356.50 - $1.55 SolarSyz
Canadian Solar 230 2 $358.80 UL $1.56 Beyond Oil Solar
Canadian Solar 230 24 $359.00 UL $1.56 SolarPanelsOnline
LG 235 30 $366.60 UL $1.56 Beyond QOil Solar
Kyocera 185 20 $292.20 UL $1.58 ECO Distributing
Conergy 225 23 $357.75 UL $1.59 SolarSyz
EcoSolargy 185 26 $294.15 - $1.59 SolarSyz
Canadian Solar 295 26 $472.00 UL $1.60 CivicSolar
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Sharp 235 1 $378.94 UL $1.61 CivicSolar
Schott Solar 230 1 $374.56 UL $1.63 Affordable Solar
Lumos 250 24 $412.50 UL $1.65 Solar Panel Store
Canadian Solar 220 24 $369.00 UL $1.68 SolarPanelsOnline
Canadian Solar 230 1 $388.00 UL $1.69 Solar Wholesale
Products
Schott Solar 235 1 $398.21 UL $1.69 Affordable Solar
Canadian Solaf 250 20 $422.50 UL $1.69 Solar Panel Store
REC 240 40 $405.60 UL $1.69 Aten Solar
Canadian Solar 205 1 $349.00 UL $1.70 Discount PV
Lumos 285 21 $485.86 UL $1.70 Aten Solar
Kyocera 235 20 $406.55 UL $1.73 ECO Distributing
Canadian Solaf 200 1 $349.00 UL $1.75 Discount PV
Kyocera 240 20 $420.65 UL $1.75 ECO Distributing
Kyocera 240 1 $422.00 UL $1.76 AltE
Samsung 244 1 $433.70 UL $1.78 Infinigi
Lumos 240 20 $420.65 UL $1.79 Aten Solar
Lumos 245 20 $438.55 UL $1.79 Aten Solar
Lumos 300 21 $537.00 UL $1.79 Aten Solar
Sharp 240 34 $430.00 UL $1.79 Wholesale Solar
Kyocera 235 20 $423.00 UL $1.80 Solar Panel Store
Hyundai 227 1 $411.68 UL $1.81 Infinigi
Samsung 235 1 $425.16 UL $1.81 Infinigi
Kyocera 210 20 $384.20 UL $1.83 ECO Distributing
Kyocera 235 20 $430.00 UL $1.83 Wholesale Solar
Sharp 240 1 $450.00 UL $1.88 Wholesale Solar
Samsung 247 1 $463.69 UL $1.88 Infinigi
Sharp 235 26 $445.00 UL $1.89 SolarPanelsOnline
Kyocera 205 1 $399.00 UL $1.95 AltE
Samsung 241 1 $469.88 UL $1.95 Infinigi
Samsung 244 20 $479.00 UL $1.96 SolarPanelsOnline
Kyocera 215 20 $424.95 UL $1.98 ECO Distributing
Kyocera 210 1 $417.90 UL $1.99 AltE
Kyocera 210 20 $417.90 UL $1.99 AltE
Kyocera 235 1 $470.00 UL $2.00 Wholesale Solar
Sharp 230 1 $470.00 UL $2.04 Wholesale Solar
Kyocera 215 1 $469.00 UL $2.18 AltE
Conergy 180 20 $400.00 UL $2.22 Solar Panel Store
SolarWorld 250 30 $565.00 - $2.26 Solar Panel Store
SolarWorld 240 30 $576.00 - $2.40 GreenEcoSavers
Solon 230 25 $559.00 UL $2.43 SolarPanelsOnline
SolarWorld 240 1 $585.00 - $2.44 GreenEcoSavers
Sharp 235 34 $581.62 UL $2.47 GreenEcoSavers
Sharp 235 34 $590.44 UL $2.51 GreenEcoSavers
Sharp 235 1 $596.00 UL $2.54 GreenEcoSavers

Source : Ecobusiness LinksSolar panels - best pricgsnline]. 2011 [cit. 2011-10-18]. Available at WWW:
http://www.ecobusinesslinks.com/solar_panels.htm
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Supplement 2 — Solar PV modules

® Surana Ventures Limited

Inspiring Excellence

SOLAR PV MODULES

SURANA offers high-quality silican Photo Photovaitaic Modules: a clean, reliable and economical source of energy, Our Salar PV
Modulesrangs from 3Wp to 230 Wpand feahins:

» High-quality, Mono- or Polycrystalline cells
fram our European Supplers

= |50 9001 Manulachuring and IEC 81215 (TUW)
Module Certification

# Strong DurabBity with aluminum afloy frame,
tempeared glass and waterproof lamination

= Quality Check of each cell and Testing of every
Moduls, &l all production stages

SURANA takes great pride in confinuously developing
innovative, op-qualty products for its costumers. In
addition, SURANA provides a S-year product
guarantes on sach Salar PV Module detailed balow,
plus a power warranty of 30% of the first 10 years
andB0% for 25 years.

150 - 195 FAMILY 200 - 230 FAMILY
Technical Specifications: 150 - 195 Family 200 - 230 Family
Module SVLO75 | SWL125 | SWL-150 SVL-175 SVL-185 SVL-200 SVL-220 SVL-230
Nominal Peak Powar (W 75 125 150 175 185 200 220 230
Vidiage ot max Power - Vs (Volts) | 173 82 | 255 | 287 | 272 | 289 | 786 | aop
Curmert al max, Power - ke (Amps) | 4.6 69 | 64 66 | 73 71 74 78
Open Circull Voltage - Ves (Valls) | 212 21 | =4 | 328 | 3aZ | 386 | Ire | aro
Short Circuit Current - ke (Amps) | 47 7.8 | =7 76 | 81 83 | B4 84
Module Efficiency 13.1% 13.1% 122% | 125% | 13.2% | 126% | 133%  13.6%
Numbar of Calis 36 (@ Matrix) 36(3xd Matric) 54 (865 Matrix) B0 (106 Matrix)
Dimensions { Lx Wx T )-mm BOMEEER | 1490%655542 1400 % 090 x 42 16860 x 990 x42
Mounting Holes Pitch [Y) - mm 510 920 1100 1100
Mounting Hdes Pitch (X) - mm 810 610 950 950
Weight - Kgs | &8 05 | 175 191
Junction Box Dimensions -mm~ | 105 x B0 x 25 ' 130 x 105x 30 130 x105x 30
Junction Box Cablas (2 2 L) ' nocables incuded dmm x 1m 4mm x 1m
Power Tolarance [ All modules are provided with a posifive power tolerance.
Temperature Cosflidents:
Hote: Mesmrement iolerance on electrical parameters +1 5% -Voo 0034 %S0
Al specified paremeters ane at STC: 25°C Cell Tempersture, 1000'W / m2 Imadiancs and AM 1.5, :gﬁm :ggﬁg
QO swvana Ventives Lm0 T e P T

Source : Surana Ventures Lt&olar PV modules[online]. 2012 [cit. 2012-02-25]. Available atWV:
http://www.suranaventures.com/file/SuranaVenturesar®VModules75-230.pdf




