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Abstract: Energy stability and security have become one of the most important
issues in recent years on planet Earth. Nowadays, worldwide economic, industrial and
social development is related to the energy and energy-system that provided great benefits
to a society, but the society is paying a high price because of the production and emission
of carbon dioxide and other greenhouse gases into the atmosphere. There are numerous
climate changes, which pose a threat to each continent, disorder in agriculture, disorder in
food production, floods and fires, as well as changes in the ecosystem. Energy stability and
security have become one of the most important issues in recent years. Energy is essential
for development of any country, notably when it comes to its industry and economy.
Without adequate policy operations of the energy sector, it is not possible to achieve indu-
strial or economic progress. Nevertheless, no matter how important energy is for the deve-
lopment, it is only a mechanism for achieving the ultimate goals — sustainable economy,
clean environment, high standard of living, prosperity and health of the population. This
paper elaborates on and outlines a strategy for energy development of renewable energy
sources in the world, as well as in the European Union. It presents in great details the appli-
cation of new technologies that have led to the development of renewable energy sources:
wind-power, solar energy, small hydro power plants, biomass, and their increase in the ove-
rall participation of energy production and reduction of fossil fuels in energy production.
Investing in new technologies which use renewable energy sources have led to the increase
in employment in the world, so that about 6.5 million people in the world have been
employed until today. This paper outlines the trend of increasing energy production from
RES (renewable energy sources) by investing in any of the abovementioned energy sources,
as well as employment for each energy source in the world and the EU-28. Also, the deve-
lopment of renewable energy sources in the future has been presented.

Keywords: renewable energy sources, hydropower, wind energy, solar energy,
biomass energy.

1. INTRODUCTION

Natural sources of energy that are still known
are the following: wood for heating, wind energy
used for the motion of water mills and ships, water
power for starting mills, solar energy used for hea-
ting in buildings, as well as geothermal energy used
for heating. The use of fossil fuels has caused global
climate changes which humanity has faced in recent
decades, due to an increase in carbon dioxide and
other greenhouse gases. However, what we know is
that the effects of climate changes are already noti-
ceable, so that we can see that the glaciers are mel-
ting, polar ice is breaking, permafrost is melting, the
sea level is rising, and eco systems are changing.
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These consequences are the consequences of the
fossil fuels use, so that all humanity, i.e. the
governments of almost all countries have been for-
ced to seriously consider and make policies of deve-
lopment and replacement of fossil fuels with
renewable energy sources [1—6,15,20,23,28,29]. It
has also been shown that nuclear energy is an uncer-
tain energy source, because of recent major nuclear
accidents such as: Fukushima in Japan (March 2011)
and Chernobyl in the former Soviet Union. The nuc-
lear disaster in Japan has caused an increase in the
share of renewable energy sources in energy produc-
tion and greater attention was paid to energy
efficiency in the whole world. The growth of global
greenhouse gases emission would have to fall by 40-
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70% between 2010-2050 in order to improve the
odds for achieving UN goals in curbing global
warming. Intergovernmental Panel on Climate
Change (IPCC). The IPCC's report from 2007 shows
that the world does too little to achieve the agreed
goals and reduce warming to less than 2°C compa-
red to the pre-industrial era, which means that most
countries in the world will have to turn their invest-
ment in technologies of "Carbon dioxide removal"
(CDR) from the air, and which range from collecting
and burying emissions of coal-fired plants to plan-
ting forests that use carbon dioxide for growth.
Renewable energy sources play an ever increasing
role in the energy system. Energy evolution is the
most ambitious, because it introduces the production
of energy from renewable energy sources, as well as
the rigorous energy efficiency measures, so that we
have the biggest share of renewable energy sources
in energy production by 2050. Energy sources can
be classified into two main categories: traditional
renewable energy sources, such as biomass and large
hydropower plants, and the so-called ,new
renewables* such as: biomass (bio-fuel, bio-gas),
small hydropower solar photovoltaic energy, solar
thermal energy, wind power, geothermal energy
[6,7,21,43,45], sea energy (flood and ebb tides,
waves and ocean currents). Renewable energy sour-
ces are considered to be the energy of the future, i.e.

Bio: Algae

Final energy (EJ/a)

a-world

clean energy that will replace fossil fuels and their
harmful impact on the environment.

2. STRATEGY FOR ENERGY DEVELOP-
MENT OF RENEWABLE ENERGY
SOURCES IN THE WORLD AND
EUROPE

The energy system has provided a society
with great benefits. Currently, the world meets its
energy needs mainly through non-renewable energy
sources, mostly fossil fuels — coal, oil and natural
gas. However, this type of energy production leads
to large-scale climate changes, as well as damage to
human health due to the release of large amounts of
carbon dioxide (CO,) and other greenhouse gases in
the atmosphere. While the world is in search of
energy safety, the use of fossil fuels leads to increa-
sed greenhouse gas emissions and extreme climate
conditions. There is also an increase in fossil fuel
prices, which makes pressure on the global economy
in the world. In order to address these problems in
the world, as well as the EU-28, many scenarios of
replacing fossil fuels with renewable energy sources
have been made, as shown in Figure 1 and Figure
2[1,2,7-12,45].
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Figure 1. The world energy scenario until 2050. and three scenarios of the EU-28 energy strategy by 2050.

Figure 1 a) shows the development strategy of
renewable energy sources in the world until 2050.
The analysis of the strategy proposed by [45] offers
a conclusion that the participation of renewable
energy sources increases every year in the energy
production in the world at the expense of fossil
fuels, so that fossil fuels will have a very small per-
centage of participation in the production of energy
by 2050, and nearly 95% of energy production in the
world from renewable energy sources.

Based on the scenario that appeared in [45]
(World Energy Outlook 2006), we have two
extremes in total primary energy supply in the

world, one that occurs in the period 2004 to 2030
and the other in the period 2070—2090. In the first
energy production extreme, fossil fuels come first
with greater involvement in the energy production
(coal, oil and gas), while at the other energy produc-
tion extreme, the primacy is given to renewable
energy sources (geothermal, wind, solar and bio-
mass). On the basis of all energy production scenari-
os in the world and EU-228 that are shown here, as
well as in [1,2,7-10,45,46], the participation in the
energy production goes in favour of renewable
energy sources. Thus the share of fossil fuels in
energy production is reduced to minimum over the
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period of 80 years. In this way, all negative
consequences of the fossil fuels use in energy pro-

problems of eco-system will vanish both in the
world and in the EU-28, and we will receive energy

duction will be eliminated. Thus climate issues and from renewable sources, i.e. clean energy.
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Figure 2. The overall world energy scenario of renewable energy sources implementation
for the period 1930—2100. [45]

3. RENEWABLE ENERGY SOURCES AND
THEIR PARTICIPATION IN ENERGY
PRODUCTION

3.1. Wind energy

From the proposed scenarios of energy pro-
duction from renewable energy sources in the future,
we see that the wind as a renewable energy source is
ranked the second after solar energy. Wind power
plants are the fastest growing of all renewable
energy sources at the beginning of the 21st century.
Their capacity more than quadrupled from 2000 to
2006. 81% of installed capacity belongs to the Uni-
ted States and the European Union-28. Estimates are
that the power of wind turbines will increase by 21%
per year. A long-term technical potential of the wind
as a renewable energy source is increasing, but it is
followed by solving structural problems of wind
turbines, because these are nowadays produced up to
150 meters in height and with installed power of 75
MW. In the future, they will reach the height of up
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to 300 meters and up to 20 MW thanks to the deve-
lopment of new technology. Wind power plants
installation will take place over large areas and high
altitudes, as well as in the oceans where wind reso-
urces are high. Constructive solutions of a wind
turbine will be such that they are mobile, that can be
moved in an area where there is wind. One bright
example is presented by Denmark, which produces
about one fifth of the electricity by wind turbines,
making it the country with the largest share of wind
turbines in its own production. Both the user and
manufacturer of wind turbines are important.
Germany is a leading manufacturer of wind power
plants in the EU-28, accounting for 28% of the
world production in 2006 [6—13,48].

Based on Figure 3, we conclude that the
energy production from wind-power plants
continuously increases every year both in the world
and in the EU-28, and that it reached a production of
318 gigawatts in the world in 2013, while it reached
a production of 118 gigawatts in the EU-28.

il
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Gigawatts 118 Gigawatts
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Figure 3. World production of energy and the EU-28 with wind-power plants from 2000—2013.
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Figure 4. The produced wind energy in the top ten countries in the world from 2012—2013. as well as in the EU in 201 3.

Ten countries listed in Figure 10 took a lead
in the world production of wind energy in
2012-2013. When it comes to the wind energy pro-
duction, the leading place in the world belongs to
China, which produced 86.1 gigawatts in
2012-2013. China is followed by the USA with 61.1
gigawatts, and the third is Germany, followed by
Spain, India, UK, Italy, France, Canada and Den-
mark. If we analyze energy production by wind
energy plants in the EU-28, Germany comes first
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with 31.3 gigawatts produced. Spain is second with
22.7 GW, and it is followed by: UK, Italy, France,
Portugal, Denmark, Sweden, Poland, and Nether-
lands. The production of EU-28 energy by wind
power plants manages to cover 8% of energy con-
sumption in the EU-28 for the period of one year
[7,8,9]. Let’s conduct an analysis of investment in
the wind energy production in the world and the EU-
28. Figure 5 shows the investments in this part of the
energy production in the last six years.
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Figure 5. Investing in renewable energy source—the wind— in the world and the EU-28 from 2008—2013. [6]

Investments in wind energy development in
the world are shown in Figure 5, where we see they
range in average within about 80 billion US$ in the
last six years. Maximum investment of 94.8 billion
USS$ took place in 2010. When it comes to the Euro-
pean Union-28, the investments in the development
and implementation of wind energy range within
about 15 billion US$ in the last six years. The
investment in renewable wind energy has resulted in
energy production increase, as shown in Figure 3, as
well as in increase of employment both in the world
and the EU-28, as shown in the following Figure 6.

We conclude that about 840.000 workers have
been employed in the implementation of renewable
wind in the world so far through investments shown
in Figure 5, while approximately 320.000 workers
have been employed in the EU-28. In addition to
increasing employment and creating new jobs, a part
of the investment relates to the development of new
technologies in this field so that the limits of wind
turbines are moved towards greater energy produc-
tion, as shown in Figure 7.
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Figure 6. Employees in the development and implementation of renewable wind in the world and the EU-28
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Figure 7. Historical development of wind power plants size and the future development scenario

Based on the scenario of the future develop-
ment of wind power plants, we come to the conclu-
sion that the wind energy production is about to
increase in the future, because the construction of
300 meters high wind power plants with the 10-20
MW volume is estimated.

3.2. Solar energy

Solar energy in the form of light and heat
spreads into space, so that a small part comes to
Earth. Although the solar energy is the cause of most
energy sources, about 1 kW/m® can be obtained on
the Earth surface under optimal conditions, and the
actual value depends on the location, season, time of
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the day, weather conditions, etc. The main problems
in the exploitation of this energy are small energy
flow, huge oscillations of radiation intensity, and
large investment costs. Most of the individual coun-
tries in the world are subsidizing the installment of
elements which are transforming solar energy into a
usable form of energy, while the EU-28 is not a very
suitable area for exploitation; despite that, the direct
use of solar energy in the EU-28 increases at a rapid
rate. Basic principles of direct solar energy utiliza-
tion are: solar collectors — preparing hot water and
space heating, photovoltaic cells —direct conversion
of solar energy into electricity, as well as focusing
the sun's energy — the use in large power plants. The
production of energy by utilization of solar energy in
the world and EU-28 is shown in Figure 8 [5].
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Figure 8. Production of energy in the world and the EU-28 (solar photovoltaic energy PV) from 2004-2013.
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Utilization of solar energy increases from year
to year, as shown in Figure 8. When it comes to the
renewable source — the sun — energy production in
the world in the last ten years has a tendency of
exponential growth, so that it reached the value of
139 gigawatts in 2013. The production of solar
energy in the EU-28 reached the value of 81.4
gigawatts in 2013. The analysis of energy produc-
tion from renewable energy sources — the sun — in
the individual countries in the world in 2013 is
shown in Figure 9.
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Based on Figure 9, we conclude that Germany
produced 25% of the total energy produced by pho-
tovoltaic cells in 2013. It is followed by China with
13%, and then: Italy 13%, Japan 10%, the USA 9%,
Spain 4%, France 3%, and other countries by 2%.
Energy production using photovoltaic cells has a
growth trend from year to year, both in the world
and in the EU-28, which we hope will be sustained.
Which countries and how much energy they produce
in this way in the world and the EU-28 is shown in
Figure 10 [4].
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Figure 9. Energy production using renewable source, the sun (using photovoltaic cells PV), in certain countries in the

world in 2013.
Gigawarts Gigawarts
. e - —
+33 o v
e < . ol
] W ddded in 2013 | I -
3 2012 Total e 'y u ey
100 o b
@ +129 e e
- J
*89 i o ; l
‘ in
*02 4q8 ]
T = *15 408 +p2 2008 | =
HE N |
o . B | '
Germaryy  China ialy lapan \sj:‘mﬂ:; fpan  France lu';ﬂu;" Austraka  Besgum 00 2001 ¢ 6 20 X6 2006 ¢ W M9 M0 2N A
world EU-28

Figure 10. The produced solar photovoltaic energy in ten top countries in the world from 2012—2013.

When it comes to the production of solar pho-
tovoltaic energy in 2012-2013 — and based on the
above chart — we can see that Germany occupies the
first place with 37.3 gigawatts produced, the second
in 2012-2013 China with 18.9 gigawatts, and the
third Italy with 17.5 gigawatts. These three countries
are followed by Japan, USA, Spain, UK, Australia
and Belgium for the production of photovoltaic
energy. Let’s now analyse the production of solar

energy for water heating in the world. The following
four countries in the EU-28 are prominent because
of the production of this energy: Germany, Italy,
Spain and France. From year to year, they increase
the production of energy in this way. The analysis of
the manner of utilisation of the sun energy using a
collector, wherein hot water is produced for heating
and industry, is shown in Figure 11 [6—16].
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Figure 11. The energy produced by using solar collectors (hot water) in the world and the EU-28 during 2000—2012.

By producing energy in this manner, we also
have an increase on the yearly basis. We concluded
that 263 gigawatts were produced in the world in
2013, while 29.6 gigawatts were produced in the
EU-28 in the same year. The trend of producing
energy in this way is growing both in the world and
in the EU-28.

The production capacity of solar thermal
energy increased each year from 2004 to 2013, and
it reached the record production of 3,425 megawatts
in 2013. The world's largest thermal power plants
are: 392MW Ivanpah (California), Perovo 100MW
(Ukraine), 92 MW Sarnia (Canada), Montalto di
Castro 84 MW (Italy), Finsterwalde 83 MW
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(Germany), Ohotnikovo 80 MW (Ukraine), Senften-
gerg 78 MW (Germany), Lieberose 71 MW
(Germany), Ravingo 70 MW (Italy), Olmedilla de
Alarcon 60 MW (Spain), and Boulder City 56 MW
(the USA). Many energy experts believe that solar
energy is the only renewable energy source that has
a potential to replace fossil fuels as the dominant
source of energy in the years to come. A larger
number of countries is seriously thinking about solar
energy and invest large amounts of money in various
projects, mainly solar plants for electricity produc-
tion. Investments in this form of energy are shown in
Figure 13 [47].
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Figure 12. Energy production in the world (solar thermal energy ST) from 2004—201 3.
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Figure 13. Investment in renewable solar energy in the world and the EU-28 from 2008—2013.
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Investments in renewable sun energy amount
to about 10,5 billion US$ in the world in the last six
years, while the maximum investment, about 157.8
billion US$, is accounted for in 2011. After that,
there is a reduction in investment so that it amounted
to 113.7 billion USS$ in 2013. When it comes to the
European Union-28, the investment in the last six

40.000 Empl

years was about 10.5 billion US$, while the same
maximum investment was 14.9 billion US$ in 2011.
Afterwards, there is a reduction in investment, so
that it amounted to 6,4 billion US$ in 2013. The
largest renewable energy investments are the ones
related to solar energy, which resulted in a bigger
number of new jobs, as shown in Figure 14 [6—16].

40.000 Empl

Figure 14. Employees of renewable energy sources — solar energy — in the world and the EU-28

By investing in renewable energy sources in
the world, 2.800.000 workers have been employed,
which represents the biggest number of employees
when it comes to the renewable energy sources. On
the other hand, 800.000 workers have been
employed in the EU-28. The number of employees is
estimated to increase when it comes to solar energy.

3.3. Small hydropower plants

Small hydropower plants do not have any
harmful effects on the environment or at least it is
considered so, as opposed to large ones, the har-
mfulness of which is described through the major
changes of ecosystems (building large dams),
impacts on soil, flooding, impacts on freshwater
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wildlife, increased methane emissions, as well as the
presence of harmful emissions throughout the life
cycle of hydroelectric power. For example, produc-
tion of materials and transport during construction of
a hydropower plant. In small hydroelectric power
plants, large amounts of water in the pipes of drin-
king water present themselves as a potential energy
source. The concept of small hydro power plants can
be seen from different points of view and it differs
from country to country, depending on its standard,
hydrological, meteorological, topographical and
morphological characteristics of the location, as well
as the degree of technological development and eco-
nomic standard of a country. A small hydropower
plant in Europe implies up to 10 MW, while it ran-
ges to 25 MW in the world, as for example in China.
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Figure 15. Total small hydropower plant capacity in the world for the period 2008—2013 and the capacity across the
continents and the EU-28 in 2013.

Considering small hydropower plants in the
world currently, small hydropower plants with 10
MW capacity exist in 148 countries and territories

worldwide. More than a half of the world's known
hydro potential is located in Asia, and about one-
third can be found in Europe and America. Figure 15
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shows the capacity of energy production using small
hydroelectric power plants in the world for the
period 2008-2013. As we can see, there is an increa-
sing trend from 2008, when 885 GW was produced,
while 1.000 GW was produced in 2013 [46].

When it comes to energy production in 2013
using small hydropower plants distributed via conti-
nents, we can see that Asia has the highest produc-
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tion of 359.59 MW, and is followed by America
with 286.72 MW, then Europe with 224.56 MW, the
European Union countries with 29,63 MW, and
Africa being last with 23.26 MW. An overview of
energy production in 2013 using small hydropower
plants by countries on different continents is shown
in Figure 16 [46].
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Figure 16. Overview of small hydropower energy production capacity > 10 GW in the
countries of the continents in 2013. [46]

On the European continent, Russia has the
highest energy production using small hydropower
plants with 46.87 MW in 2013, and is followed by
Norway with 29.9 MW, France with 21.3 MW, and
then: Spain, Italy, Sweden, Austria and Switzerland,
which produce over 10 MW. In America, Brazil has
a primacy in energy production by small
hydropower plants, the United States being the
second and Canada the third. When it comes to Asia,
China is at the forefront with 213.4 MW,

Based on Figure 17 [5], we can conclude that
China, which produced about 269 gigawatts in 2013,
comes first in the production of hydropower in the
world. The second place is occupied by Brazil with
86.5 gigawatts, and then: Russia, India, Turkey and
Vietnam. China is number one in the world when it
comes to the production of renewable energy sour-
ces, water - small hydro power. It must be noted
here that China's small hydropower plants include
those that produce up to 25 MW, which is not the
case in Europe, where small hydropower plants

include only those that produce up to 10 MW of
energy. The investment in the development and
implementation of small hydropower plants in the
world and the EU-28 is shown in Figure 18.

Figure 18 indicates that the investment in
small hydropower plants in the world is about 6
billion US$ on the average, and the biggest invest-
ment of 7.2 billion US$ was in 2008. In the last three
years, the investment in small hydropower plants has
seen a slight decline from 6.8 to 5.1 billion US$ in
2013. When it comes to the investment in this form
of renewable energy in the EU-28, their average in
the last six years is around 2.2 billion USS$. Also, the
investment has dropped from 2.79 to 1.15 trillion
USS in the last three years. The investments in this
form of renewable energy are far less than in
renewable wind and solar energy, as we have seen.
This part of the investment in the world and the EU-
28 made possible the employment and creation of
new jobs, as shown in Figure 19.
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Figure 17. Total energy produced using small power plants in six top countries in the world in 2013.
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Figure 19. Employees in renewable energy sources of small hydropower plants in the world and the EU-28

As it can be seen in Figure 19, employment is
far less when compared to renewable wind and solar
energy, but still 160.000 workers are employed in
the world, while 60.000 workers are employed in the
EU-28. This is to be expected because small
hydropower plants are fully automated, and this sort
of energy is not available as an energy source in all
countries in the world.

3.4. Biomass

The definition of biomass was introduced in
the Directive 2009/28/EK, which states that biomass
is ,,a biodegradable part of products, wastes and
residues of biological origin from agriculture (both
plant and animal), forestry and related sectors, such
as fisheries and aquaculture, as well as a biodegra-
dable part of industrial and communal waste.“ This

means that newly obtained biomass can be converted
to natural gas as well as liquid and solid fossil fuels
with appropriate industrial processing. Using diffe-
rent transformation processes such as combustion,
gasification and pyrolysis, biomass can be transfor-
med into ,,bio-fuels” for transportation, ,,bio-heat” or
,bio-electricity”. Biomass is usually used directly in
the final consumption of energy for heating, cooking
and hot water, but can also be used to produce
electricity and heat, and is recently increasingly used
for the production of bio-fuel. It can also be used in
industry for the production of fibers and chemicals.
Biomass is a renewable energy source and can
generally be divided into wood, non-wood and ani-
mal waste, within which we differentiate: wood
biomass, agricultural waste and scrap, animal waste
and scrap, as well as biomass from waste.

As it is known, biomass is mainly used for
energy for heating, and this is a tradition as well.
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The development of new technologies leads to
maximum utilization of thermal power of biomass,
so that the wood mass is produced from a pellet,
which serves as the output of raw materials for hea-
ting energy. Figure 20 shows that the trend is increa-
sing continuously, and the world production reached
23.6 million tons in 2013, the number one in produc-
tion being the EU, the second the USA and Canada,

Billion Litres

which are followed by Russia, China and the rest of
the world. The development of new technologies has
led to the following products being produced from
biomass: bio-diesel, ethanol and oil from the fruit
[6—16]. If we look at the trend of their output in
Figure 20 b), the record production is 116.5 billion
litres in 2013, so that ethanol holds the first posi-
tion, bio-diesel the second and oil the third.
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Figure 20. World pellet production from wood mass and biodiesel, die and oils from fruits in 2004—2013. [6—16]
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Figure 21. Production of final energy from biomass in the period 2000—2020. in the EU-28 [47—48]

When it comes to the utilization of a
renewable energy source — biomass, the EU-28 has
developed a strategy for the period 2000-2020,
which is shown in Figure 21 [47,48]. In 2000, the
EU produced a total of 52.883 Kt of biomass for
renewable energy production, of which 705 Kt bio-
fuels transport, 2.933 Kt of bio-electricity, and
49.245 Kt of bio-heat energy. From 2000-2012, we
have a growing trend of biomass utilization, so that
it reached the value of 102.124 Kt in 2012, of which
14.601 Kt of bio-fuels, 12.843 Kt of bio-electricity,
and a maximum 74.680 Kt of bio-thermal energy. A
detailed ratio of each energy in 2012 is shown in the
chart below. When it comes to biomass in 2020, the

projection is to produce a total of 138.312 Kt of
energy. Biomass is a very acceptable fuel with
regard to environmental impact, since it contains
very little or none of the various harmful substances
— sulphur, heavy metals, etc. It is estimated that the
loading of the atmosphere with CO2 while using
biomass as fuel is negligible, since the amount of
CO2 emitted during the combustion is equal to the
CO2 absorbed during plants growth. Pellet as a raw
material for thermal energy production is very inte-
resting, thus Figure 22 presents pellet production as
a renewable energy source in the world and the EU-
28 in 2013 [438].
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Figure 23 shows the world production and
consumption of pellets (left). It can be concluded
that the EU-28 had a production of 12.2 million tons
in 2013, while consumption was 18.2 million tons,
which is far bigger than production [48]. This is not
the case in North America, Russia, Asia and the rest
of the world. This fact leads to the correctness of the
strategy of development of renewable energy sour-
ces — biomass in the EU-28 as shown in Figure 23.

Based on the strategy for the development and
production of pellets from biomass (wood waste),
we can see that it increases every year until 2020,
reaching the value of almost 15 million tons, which
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Figure 22. Production of renewable energy source — pellet in the world and Europe in 2013. [48]

is justified due to the needs of the European Union.
It is interesting to have an overview of the countries
exporting and importing pellets, as shown in Figure
24 [47].

It can be concluded that Portugal and Latvia
are the largest exporters of renewable energy source
— pellet — in 2013 with 1.05 million tons and 0.77
million tons respectively, while Denmark is the
smallest exporter with 0.25 million tons. When it
comes to the import of pellets, it can be seen that the
UK is the number one with 3.45 million tons, and
the last one is Austria with 0.38 million tons.
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Figure 23. Projection of the development strategy of the OIE pellets from biomass
Jor the period 2007—2020 in the EU-28 [48]
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Investing in renewable energy sources in the
world in the last six years has been about 22.65 bil-
lion USS$ on the average, while the investment in the
EU-28 has been about 7.87 billion US$ on the avera-
ge [6—16]. Apart from the renewable energy source —
sun, this part of the renewable energy source (bio-
mass) is at the second place in the world by
employing 2.52 million workers, while about 0.6
million workers is employed in the European Union,
as shown in Figure 26.
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Investing in renewable bio-energy source will
result in development of new technologies that will
increase the utilization of bio energy, and therefore,
there will be an increase in employment and the
number of jobs in this part of renewable energy.

Figure 27 shows the of employment ratio in
different aspects of bio-energy, so that 58% is
employed in bio-thermal energy, 23% in bio-fuel,
14% in bio-gas, and 5% the rest.
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Figure 26. Employees in renewable bio-energy sources in the world and the EU-28
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Figure 27. Percentage of employment in renewable energy sources in the EU-28

3.5. Geothermal energy

Geothermal renewable energy sources include
hot water reservoirs that can be found at different
temperatures and depths under the Earth's surface.
As it is known, the intensity of thermal energy
increases with depth. The global average for the
Earth's geothermal gradient is about 30°C/km. A-
kilometre-deep or even deeper boreholes can be
drilled in underground reservoirs, in order to use the
steam and very hot water that can be brought to the

surface for use in various applications, including
electricity generation, as well as direct use for hea-
ting and cooling. Geothermal energy is renewable if
the reservoir is properly used. Energy efficiency has
to be in accordance with the natural temperature
change of reservoirs. The temperature of the Earth's
interior increases with the depth. At the depth of 80-
100 km, rock temperature is between 600 and
1.200°C [49]. The heat is continuously flowing from
the source in the Earth's interior to the surface.
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Figure 28. Distribution of the temperature field in the Earth's interior depending on the depth [49]

Although there are limited data available on
the recent growth in the direct use of geothermal
energy, output is known to have increased annually
by an average of 10% from 2005 to 2010. Much of
this growth is attributed to a ground-source heat
pump, which has experienced an average annual
growth of 20%. With an assumption that these
growth rates remained in the past two years, the
global geothermal heat capacity is to an estimated 66
GWth in 2012. With geothermal energy, i.e. the use
of heat (almost half), the largest share refers to bat-
hing and swimming applications, with lesser amo-
unts for heating (primarily district heating), indu-
strial uses, aquaculture, pond heating, agricultural
drying, melting snow, etc. At least 78 countries use
direct geothermal heating. The United States, China,
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Sweden, Germany and Japan have the highest amo-
unt of geothermal heating capacity. Geothermal
energy production in the world and the EU-28 (in
ten countries that produce the most geothermal
energy and the rest of the world in 2013) is shown in
Figure 29.

The biggest producer of geothermal energy in
2013 in the world is the USA with 3.884 MW, the
second place belongs to the Philippines with 1.920
MW, and the third is Indonesia with 1.380 MW.
When it comes to the EU-28, Italy, which produces
about 901 MW of geothermal energy, is number one
in 2013. An overview of the production of electricity
from geothermal sources in 2013 is given in Figure
30 [7].
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Figure 30. Production of electricity from geothermal renewable energy sources [7]
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When it comes to the production of electricity
from a geothermal renewable source in 2013, the
first place belongs to New Zealand with 42%,
followed by Turkey with 24%, and then the USA
with 18%. Usage of geothermal energy can be justi-
fied as an integrated program that includes industrial
production of electricity, tourism and agriculture.
Cost-efficiency depends on the characteristics of a
borehole and support mechanisms — the risk can be
huge. A share of geothermal energy in electricity
production is not large, but there is a potential to
increase. A geothermal energy source treated with
due care is environmentally friendly.

4. INVESTMENT IN RENEWABLE
ENERGY SOURCES IN THE
WORLD AND THE EU

Many conclusions and strategies that aim to
invest and develop renewable energy sources have
been adopted, in order to solve the climate changes
that threaten every continent and cause disruption in
agriculture and food production, because there are
many floods and fires, as well as changes in
ecosystems in the world. Energy stability and
security have become one of the most important
issues in recent years, so that the world invests in the
renewable energy sources as shown in Figure 31
[6,7].
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Figure 31. Investment in renewable energy sources in the world and the EU in the period from 2004—2013. [6,7]

Investing in renewable energy sources in the
world and the European Union has had a growth
trend in the period from 2004-2011, so that it reac-
hed the amount of 279 billion US$ in the world in
2011, and the amount of 114.8 billion US$ in the
EU-28. After 2011 until 2013, we saw a slight decli-
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ne in investment in renewable energy sources, so
that the investment in the world amounted to 214
billion US$ in 2013, and 48.4 billion US$ in the EU-
28. With such investments in the world and the EU -
28, the amount of energy shown in Figure 32 was
produced.
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Figure 32. The energy produced from renewable energy sources in the world, the EU 28 and BRICS in 2013.
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The capacity of renewable energy sources in
the world in 2013 amounted to 560 gigawatts, the
number one being a renewable source of wind power
plants with the capacity of over 300 gigawatts,
which is followed by solar energy (solar PV) with
about 120 gigawatts, and then biomass with the
energy of about 100 gigawatts. The European Union
28 produced 235 gigawatts of energy from
renewable sources in 2013, the number one also
being the wind, and solar energy being second. Of

I Bioenergy | Biafuels 23

the six top countries in the world for the production
of energy from renewable sources, China occupies
the first place with 118 gigawatts, and the USA
second with 93 gigawatts. Germany is the third
country in the world with 78 gigawatts of energy
produced in 2013 from renewable energy sources,
and is followed by Spain, Italy and India. Invest-
ments in renewable energy sources have led to crea-
tion of new jobs , thus employment figures for
renewables are presented in Figure 33 [6—16].
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Figure 33. Employees in renewable energy sources in the world

We come to the conclusion that the biggest
number of jobs was recorded in bio-energy, which is
followed by solar and then wind energy, as a
renewable energy source. In total, around 6.5 million
jobs were created. When it comes to employment in
bio-energy, the number one is a fundamental choice
of bio-energy (production of pellets and briquettes)
with about 58%.

5. CONCLUSION

The use of fossil fuels in energy production
has already caused global climate changes, faced by
the humanity in recent decades. Climate changes are
such that there has been an increase in carbon
dioxide emission and of other greenhouse gases in
the atmosphere. However, what we know is that the
effects of climate changes are already noticeable in
the world. Thus, we can notice and see that the gla-
ciers are melting, polar ice is breaking, permafrost is
melting, the sea level is rising, and eco systems are
changing. These consequences are the consequences
of the fossil fuels use, so that all humanity, i.e. the
governments of almost all countries have been for-
ced to seriously consider and make policies of deve-
lopment and replacement of fossil fuels with

renewable energy sources. Various strategies have
been proposed in the world and the EU, so that it can
be concluded that the participation of renewable
energy sources increases every year in the energy
production in the world at the expense of fossil
fuels, resulting in fossil fuels having a very small
percentage of participation in the production of
energy in 2050, and nearly 95% of energy produc-
tion in the world from renewable energy sources.
When it comes to the use of renewable wind energy,
we can conclude on the basis of Figure 3 that the
energy production from wind-power plants in the
world and the EU-28 is continuously increasing, and
that the world reached a production of 318 gigawatts
in 2013, while the EU-28 reached a production of
118 Gigawatts. A renewable energy source— sun— is
trendy, so that the solar power increases from year to
year, as shown in Figure 8. In the last ten years,
energy production in the world has a tendency of
exponential growth, so that it reached the value of
139 gigawatts in 2013. The production of solar
energy in the EU-28 in 2013 reached the value of
81.4 gigawatts. The biggest producers of renewable
solar energy are Germany and China. When it comes
to producing energy in this manner, we also have an
increase on the yearly basis. We concluded that 263
gigawatts were produced in the world in 2013, while
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29.6 gigawatts were produced in the EU-28 in the
same year. The trend of producing energy in this
way is growing both in the world and in the EU-28.
By investing in renewable energy sources in the
world, 2.800.000 workers have been employed,
which represents the biggest number of employees
when it comes to the renewable energy sources. On
the other hand, 800.000 workers have been
employed in the EU-28. When it comes to energy
production in 2013, using small hydropower plants
distributed via continents, we can see that Asia has
the highest production of 359.59 MW, and is
followed by America with 286.72 MW, then Europe
with 224.56 MW, the European Union countries
with 29.63 MW, and Africa being the last with 23.26
MW. On the European continent, Russia has the
highest energy production using small hydropower
plants with 46.87 MW in 2013, and is followed by
Norway with 29.9 MW, France with 21.3 MW, and
then: Spain, Italy, Sweden, Austria and Switzerland,
which produce over 10 MW. In America, Brazil has
a primacy in energy production by small
hydropower plants, the United States being the
second and Canada the third. When it comes to Asia,
China is at the forefront with 213.4 MW. As a
renewable source, biomass is mainly used for energy
for heating, and this is a tradition as well. The deve-
lopment of new technologies leads to maximum
utilization of thermal power of biomass, so that the
wood mass is produced from a pellet, which serves
as the output of raw materials for heating energy.
Figure 20 shows that the trend continuously increa-
ses, and the world production reached 23.6 million
tons in 2013, the number one in production being the
EU, the second the USA and Canada, which are
followed by Russia, China and the rest of the world.
The development of new technologies has led to the
following products being produced from biomass:
bio-diesel, ethanol and oil from the fruit. If we look
at the trend of their output in Figure 20 b), a record
production is 116.5 billion litres in 2013, so that
ethanol holds the first position, bio-diesel the second
and the oil third. The largest producer of geothermal
energy in 2013 in the world is the USA with 3.884
MW, the second place belongs to the Philippines
with 1.920 MW, and the third is Indonesia with
1.380 MW. When it comes to the EU-28, Italy,
which produces about 901 MW of geothermal
energy, is number one in 2013. The capacity of
renewable energy sources in the world in 2013 amo-
unted to 560 gigawatts, the number one being a
renewable source of wind power plants with a
capacity of over 300 gigawatts, which is followed by
solar energy (solar PV) with about 120 gigawatts,
and then biomass with the energy of about 100

gigawatts. The European Union 28 produced 235
gigawatts of energy from renewable sources in 2013,
the number one also being the wind, and solar
energy being the second. The investment in
renewable energy sources has been continuous, so
that the world invested 214 billion US$ in 2013,
while the European Union invested 48.4 billion US$,
having resulted in creation of new jobs. Thus, about
6.5 million people have been employed to work in
the renewable energy sources sector, and the trend is
increasing from year to year.
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SOR

PA3BOJ 1 UMIIVIEMEHTAIIMJA OBHOBJBMBUX N3BOPA
EHEPTUJE ¥ CBUJETY U EBPOIICKOJ YHUJU

Caxerak: EHepreTcka CTaOMITHOCT M CUTYPHOCT MOCTAITH CY jeJHO O HajBOKHUJUX
NHTaka y NOCJbEIbUX HEKOJIHMKO TOJMHA Ha IUlaHeTH 3eMibd. JlaHac, y LIUjesIoM CBHjETY,
€KOHOMCKH, HHAYCTPHUjCKHU U APYIITBCHU Pa3BOj BE3aH j€ 32 EHEPIHjy H EHEPTeTCKU CHCTEM
KOjU je IPYIITBY IapOBa0 BEIHMKE MPEIHOCTH, ajdy APYMTBO IUiaha BHCOKY ImjeHy 300T
IPOU3BOAE U IIyIITaka y aTMOc(epy yIibeH JHOKCUIA U IPYTHX CTAKICHUYKUX IIMHOBA.
Jlonasu 10 KIMMATCKUX MPOMjeHa Koje MpHjeTe CBUM KOHTHHEHTHMa, nopemehaj y mosbo-
npuBpear, nopemehaj ko NpOU3BOAKE XpaHe, I0JIa3y JI0 MOIUIABa U I0XKapa, Kao H Mpo-
MjeHa ekocucTeMa. EHepreTcka cTaOMIIHOCT M CHI'YPHOCT MOCTAJIM CYy jEJHO O HajBaXKHH-
JUX TMUTaka y TOC/hEABUX HEKOJIMKO roguHa. EHepruja je o KibydyHe BaKHOCTHU 3a Pa3Boj
0110 KOje 3eMJbe, Kajla je y IHTamy HheHa HHIYCTpHja U eKkoHoMUja. be3 ajexkBaTHe moiu-
THKE Yy Pajy €HEpreTCKOr CeKTOpa HUje MOoryhe OCTBApUTH MHIYCTPHjCKH M SKOHOMCKH
Hampenak. Mnak, KOMMKO ToJi eHepruja Ouia BakHa 3a pa3Boj, OHa NPEICTaBJba CaMO
MEXaHH3aM y OCTBapUBaBy KpajlbUX LIJbEBA — OJAPKHUBE CKOHOMHjE, YHCTE OKOJHHE,
BHCOKOT )KHBOTHOT CTaHIapa, MPOCIepHUTeTa U 3paBiba CTAHOBHUIUTBA. Y pany je obpa-
hena u mpuKa3aHa cTpaTerHja eHEpPreTCKOT pa3Boja OOHOBJHPMBHUX H3BOPA €HEPIHje KaKo Y
cBHjeTy Tako U y EBporckoj yHuju. JletaspHo je mpukazaHa npuMjeHa HOBHX TEXHOJIOTH]ja
KOje Cy JioBejie JI0 pa3Boja OOHOBJFMBHX M3BOpA CHEPrHje: BjeTpO-eHEepruje, CyHueBe eHep-
ruje, MaJuxX XUApoeeKTpaHa, buoMace, Te lUXOBOT NoBehatwa y yKynmHoM yuenrhy npous-
BOJIEbE €HEPrHje, OJHOCHO CMamemy (DOCWIHMX rOpHBa y NMPOM3BOAKM eHepruje. VHBe-
CTHpame y HOBE TEXHOJIOTHje KOje ce KOpUCTE y OOHOBJBMBUM M3BOpUMA €HEPIrHje JOBEIIO
je mo mosehara 3amocIeHOCTH Y CBHJETY, TaKO Ja je 10 JaHacC 3al0CICHO OKO 6,5 MUJIMOHA
JbyIM y cBHjeTy. Y paay je mpukazaH TpeHna mnoBehama mpousBoname eHepruje u3 OUE
(0OHOBJEMBY U3BOPH €HEPIHje) ca HHBECTHPAEM Y CBaKy Of HAOpOjaHHX, Kao U 3aroclie-
HOCT 3a CBaKkH M3BOp €Hepruje kKako y cBujery tako u 'y EY-28. Ilpukazan je pa3Boj oOHO-
BJBHBHUX M3BOPA CHEPTHje Y HAPEITHOM IIEPUOLY.

Kibyune pujeun: oOHOBJEMBU W3BOPH €HEprHje, XUIPOSHEPIuja, eHepruja BjeTpa,
collapHa eHeprHja, eHepruja duomace.



