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ABSTRACT. Energy supply represents one of the main issues of sustainable development on a global scale, and its solution is in energy efficiency increase, plants
modemnization and use of renewable energy resources. The goal of this paper is to imply that investment in technologies with low carbon emissions is a profitable one,
since its use allows overall decrease of greenhouse gas emissions on both local and global level. Special emphasis in paper is on CO. emissions prices on the
carbon market which can encourage project realization focused on larger exploitation of renewable energy resources in Serbia.
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PE3IOME. OcurypsiBaHeTo Ha eHepriis € eduH OT OCHOBHUTE Npobrnemu Ha YCTOMYMBOTO Pa3BUTHE Ha CBETOBHO HWBO M HETOBOTO pellaBaHe € CBbp3aHo C
yBenu4aBaHe Ha eHepruiHaTa eeKTMBHOCT, MOAEPHU3MPAHETO Ha 3aBOAMTE W M3NON3BaHETO HA Bb30OHOBSEMM U3TOYHMLIM Ha eHeprus. LlenTa Ha To3n goknap e
Aa nokaxe, Ye MHBECTMPAHETO B TEXHOMOMMM C HUCKW BbIMEPOSHA eMUCUW € M3rOAHO, ThI KaTo MO3BOMABA LANOCTHO HaMansiBaHe Ha eMUCUATE Ha MapHWUKOBM
ra3oBe KakTo Ha MeCTHO, Taka M Ha CBETOBHO HiBO. CreLmanHo BHAMaHWe e 0BbpHATO Ha LiEHNTE Ha BbIIIEPOAHUTE eMUCN Ha CBETOBHMS Nasap, KOeTo Moxe Aa
HaCcbpyu peanuanpaHeTo Ha NPOEKTH, CBbP3aHN C NO-TONIAMOTO U3MOMN3BaHe Ha Bb30OHOBSEMI eHEPriiHI M3TOYHULM B Cbpbns.

Kniouosu AYMU: eMUCUN NAPHUKOBK ra3ose, LieHW Ha eMUcunTe Ha C02, eHepFMVIHVI NPOEKTH, MHBECTULLN, Bb306HOBSIEMM eHepI'VII7IHVI M3TOYHULM

Introduction negative effects that climate change has on its business. the
other hand, it can significantly help the low-carbon economy to
Climate changes have been recognized as a serious develop by providing related products and services (e.g.
environmental problem which can violate the functioning of ~ services for emissions trading and financing for renewable
human civilization. energy consumption is an important energy technologies) (UNEP Fl, 2015).
component of the global climate change to reduce carbon
dioxide (CO2) emissions and ensure sustainable growth in the Energy company have to take into account new risks
energy sector coincides with a looming new investment cycle connected with carbon market products and services,
in power generation in most OECD countries. In non-OECD therefore, it is very important to evaluate the value of power
countries, many power generation facilities are quite young, plant investment such as expansion and new construction
but more will be built in the coming years to meet growing under uncertainties of climate policy and electricity market. For
energy demand. There is a window of opportunity to establish one of economic analysis methods for investment projects
the policy framework to enable transformational change in the under uncertainties, real options analysis has recently attracted
energy sector, including facilitating technological innovation growing attention (Takashima and Oda, 2012).

and the creation of new markets and industries, to reduce the
sector's carbon-intensity, and improve energy efficiency

(OECD, 2011). Energy emissions trends - global view

In accordance with the foregoing, energy industry has a two- Carbon dioxide (COz) is constantly being exchanged among
fold responsibility with respect to climate change. On the one the atmosphere, ocean, and land surface as it is both produced
hand, it needs to be prepared for facing new risks due to the and absorbed by many microorganisms, plants, and animals.
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However, emissions and removal of CO; by these natural
processes tend to balance. Since the Industrial Revolution
began around 1750, human activities have contributed
substantially to climate change by adding CO2 and other heat-
trapping gases to the atmosphere. (International Monetary
Fund, 2014). One indicator of the scale of the challenge to the
energy sector is the fact that the total volume of global energy
sector CO2 emissions over the past 27 years matched the total
level of all previous years. Fossil fuels continue to meet more
than 80% of total primary energy demand and over 90% of
energy-related emissions are CO2 from fossil-fuel combustion
(Fig. 1) (International Energy Agency (IEA), 2015).
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Fig. 1. Global anthropogenic energy-related greenhouse-gas emissions
by type
Notes: CO; = carbon dioxide, CHs = methane, N20 = nitrous oxide. CHa has a
global warming potential of 28 to 30 times that of CO2, while the
global warming potential of N20 is 265 higher than that of CO>.

Source: International Energy Agency (IEA), 2015.

Since 2000, the share of coal has increased from 38% to
44% of energy-related CO2 emissions, the share of natural gas
stayed flat at 20% and that of oil declined from 42% to 35% in
2014. While smaller in magnitude (and less long-lasting in the
atmosphere, though with higher global warming potential),
methane (CH4) and nitrous oxide (N20) are other powerful
greenhouse gases emitted by the energy sector. Methane
accounts for around 10% of energy sector emissions and
originates mainly from oil and gas extraction, transformation
and distribution. Much of the remainder is nitrous oxide
emissions from energy transformation, industry, transport and
buildings (International Energy Agency (IEA), 2015).

GHG emissions in Serbia

The Republic of Serbia has been a member of the United
Nations Framework Convention on Climate Change since 2001
and a member of the Kyoto Protocol since 2008. As a
contracting state of the Kyoto Protocol, Serbia is obliged to
report regularly on emissions and mitigation and adaptation
measures by preparing national reports. According to the data
from the First Biennial Update Report, total GHG emission in
2013, not taking into account the amounts of gas removed, is
62,520,88 Gg CO2eq. Compared to 2010, the 2013 GHG
emission was reduced by 3.5% and 25.1% in comparison to
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1990 (Table 1). The Serbian energy sector consists of oil and
natural gas industry, coal mines, an electric power system, a
decentralized municipal district heating system and industrial
energy. Activities in the energy sector include the production of
domestic primary energy, the importation of primary energy
(mostly oil and natural gas), the production of electric power
and thermal energy, the production and the secondary
processing of coal and the transport and distribution of energy
and energy products to energy consumers. The vast majority
of the Serbian energy infrastructure is state-owned and is
operated by the public enterprises that were established by the
state to manage the various domestic energy sectors
(Dordevi¢ et al., 2015)

Table 1.
GHG emissions by sources and removal by sinks, in sectors in
1990, period 2010-2013 and emissions trend

Trend
1990 2010 2011 2012 2013 2010-
2013
Emission C0,.,(Gg) %
Energy 6573038 | 5100486 | 5391972 | 4867148 | 4966106 | -26
Industrial 487113 | 420166 | 448280 | 266235 | 303142 | 279
processes
Agricultoreand | 9.07822 | 646623 | 645943 | 637809 | 662096 | 24
land use
Waste 383977 | 314090 | 3.16505 | 324697 | 320745 | 21
Total emissions | 83.519,50 | 64.813,65 | 68.02700 | 6095889 | 6252088 | -35
without
removal
Removal C0,.,(Gg)
Forestry -16.85536 | -16.558.87 | -16.733.17 | -16.733.17 | -15.73706 | -50
Total emissions | 66.66441 | 4825478 | 5129383 | 4422572 | 46.78383 | -30
with removal

Source: Ministry of Agriculture and Environment of the Republic of Serbia,
2015.

According to the 2013 data, energy sector accounts for
79.4% of total GHG emissions, not taking into account
removals by sink, and it is followed by agriculture and land use
sector (10.6%), waste sector (5.1%), and sector of industrial
processes and product use (4.8%). The most frequent
greenhouse effect gas, expressed in CO2 equivalent (CO2¢q) in
2013 was carbon dioxide (CO2), which produced 78.9% of total
GHG emissions, then comes methane (CH4) (13.9%) and
nitrous oxide (N20) (7.0%), while hydro fluorocarbons (HFC),
per fluorocarbons (PFC) and sulfur hexafluoride (SFs) together
comprised 0.2% of total GHG emissions. In the distribution of
the above gases, energy sector contributes to CO2 emissions
with 94.4% (99.3% of which goes on fuel combustion
processes) (Ministry of Agriculture and Environment of the
Serbia, 2015).

Projections of GHG emissions until 2020 on the sectoral and
overall level in Serbia have been given for three scenarios (Fig.
2):

1. Business as usual scenario implies implementation
of policies and measures as it is done now, without
any advancement and extension.

Scenario with measures implies a complete
achievement of objectives from the adopted
legislation and strategic documents, including



increased concrete and practical activities and
measures.

Scenario with additional measures includes
planned policies and measures, i.e. the ones which
are under discussion and which stand a real chance
to be adopted and realized in the forthcoming period.

In determining the measures and opportunities for reducing
emissions in Serbia, it is taken into consideration that they
need to be horizontally integrated into the overall economic
and sectoral policies and strategies. The anticipated measures
relate to the energy sector, industry, transport, construction
industry, agriculture, waste collection and waste management,
and forestry. As a result of the implementation of the measures
by the year 2020, it is estimated that the reduction could reach
7% in the construction sector, 8% in the transport sector and,
potentially, up to 57% in the energy sector. The expected
opportunities to reduce GHG emissions, as well as the
selection of targeted sectors, clearly indicate which way our
country should choose and what should be the focus of future
actions.(Bajic-Brkovic, 2012).

1990 015 2020
B Basoc scenario 83519 10783 79442
[ Scenario with measures 83519 68410 70966
B Scenario with additional 83519 66015 65164

measures

Fig. 2. Total CO, emissions trend and projections for period 1990-2020 for
three scenarios, Gg COzeq
Source: Authors

The key measures with the greatest potential for GHG
emissions reduction in the Republic of Serbia and worldwide
are the support to renewable energy resources and improving
energy efficiency. The mitigation potential due to renewable
energy resources use, in the scenario with measures, amounts
to 1.418 Gg CO2eq in 2015 and 7.369 Gg COz2eq in 2020.
However, with the application of additional measures, the
mitigation potential due to renewable energy resources use is
as high as 2.214 Gg CO2eq in 2015 and 9.972 Gg CO2¢q in
the year of 2020. (Ministry of Agriculture and Environment of
the Republic of Serbia, 2015).
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Cost projections production of electricity

The environmental imperative to reduce CO2, emissions in
the energy sector coincides with a looming new investment
cycle in power generation in most OECD countries. In the
emerging market economies, many power generation facilities
are quite recent, but many more will be built in the coming
years to meet growing energy demand. As power plants and
other infrastructure tend to have long operating lives, we must
avoid “lock-in" of CO2 emissions by ensuring the latest clean
technologies are used. We have a narrow margin. If we do not
manage to slow current rates of emissions growth, we will hit
the ceiling by 2017, meaning that to keep the global increase in
temperature to 2 degrees Celsius; all new infrastructure will
have to be zero-emission.

A large-scale transformation of the global energy sector is
possible, although it will require significant investment. Global
emissions could be halved by 2050, using existing and
emerging technologies, at an additional cumulative investment
of USD 46 trillion, a further increase of 17% on top of baseline
investments. It is vital for governments to create an enabling
policy framework to catalyse private-sector investment in the
transition to a lowcarbon energy sector. By acting now, long-
term costs can be reduced. Every US dollar that is not spent
on investment in the energy sector before 2020 will require an
additional USD 4.3 to be spent after 2020 to compensate for
increased greenhouse gas emissions by building zero-carbon
plants and infrastructure by 2035 (OECD, 2011).

Taking into account the above, the negative impact of the
energy sector on the environment, primarily on the air quality,
partially can be compensated using the RES, but the most part
can be compensated by implementation of measures for
protecting the environment at installations for the production of
energy. The basis for informing investors about the potential
economic performance of energy projects is carbon price of 5
€, which is similar to today's EU-ETS price as well as the price
of 30 €, which is expected in 2025. (Change partnership,
2015).

The fact that the Republic of Serbia has no obligation to
introduce compensation for the carbon led to a plan of
increasing the capacity of electricity generation from coal.
However, in the process of accession to the EU power sector
of Serbia will be faced with mandatory and financially
burdensome costs of CO2 emissions. Projected changes in the
structure of energy sources for electricity production
(significant share of RES and natural gas), the withdrawal of
old and inefficient plants, commissioning of new, more efficient
lignite-fired power and reduction of losses in distribution and
transfer will lead to significantly lower specific GHG emissions
from this sectors (Energy Strategy of the Republic of Serbia
until 2025 with projections to 2030).

According to the Energy Community, Serbia has a binding
target to achieve the electricity production from the RES of
27% by 2020. In order to achieve the adopted national targets,
installation of the capacity for the production of electricity by
using wind, biomass and solar energy is planned (Figure 3),
(Strategy of Republic of Serbia up to 2025 with projections to
2030).

Starting from the fact that a high share of coal in electricity
production in Serbia to demand the implementation of the



European CO: emissions trading scheme, in Table 2 we
compare, over a 10-year period, total costs of new fossil fuel
capacity against total costs of meeting that same capacity
through wind or solar. As can be seen, wind is the cheapest
way to cover electricity from new installations.

2030,
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Fig. 3. Projection of new capacities for electricity production using RES
Source: Energy Strategy of the Republic of Serbia until 2025 with projections
to 2030

Table 2.
Cost comparison between fossil fuels and RES of new capacity
for the first 10 years of operation

Country (EnCom) | Tofalcostof | Windeostat | Difference | Solar costat
new fossl fuel | currentprices | (%) | currentprices
capacify in " "
IKITG)

Srbia | 1044600000 | TIELEBLE0S | T9% | 12851400495
Albana 000 | JB65M | 1M% | SLHI0M
Bowamd | 400783000 | IFLHTAT | W% | 643691404
Herzeqvima
Maceoma | 1388205000 | 1341010274 | 97% | 2364856776
Mokoego | LAOLADZ000 | 1008600000 | 7TI% | LE0.000000

Source: Stojanovic, Djordjevic, 2016.

Taking into account the intended obligation of payng
compensation for the carbon for the new capacity using coal
and gas in the future, it is estimated to be 25% cheaper to build
new capacity on wind than the new capacity on fossil fuels. On
the one hand, the estimated costs of building new plants using
fossil fuels add up with the costs of carbon for the first 10 years
of operation (2020-2030), with an expected average costs of
carbon of 30 €/t amount over 10 billion €. On the other hand,
despite many installed capacity to obtain the same amount of
energy, equivalent wind power would cost 7.5 billion € (Centre
for Ecology and Sustainable Development (STEP), 2015).

The data shown in the preceding tables show the challenges
faced by member countries of the Energy Community with
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regard to electricity production and investment in the short and
medium term. In addition to the foregoing energy projects, it
becomes necessary and to consider the use of other
renewable energy projects such as biogas, cogeneration
biomass and geothermal energy.

Renewable energy sources - Serbia’s potential

Renewable energy sources are sources that are found in
nature and can fully or partially be naturaly replenished. The
most important renewable energy sources are:

Wind power,
Solar energy,
Bioenergy,
Hydropower.

The issue of renewable energy sources is very current in all
developed countries. There are numerous advantages to using
such sources, for instance they are more environmentaly
friendly than conventional sources, particularly with regard to
air emissions, and emissions from renewable energy sources
are much more short-lived that those from fossil-fueled plants.
Namely, combustion of fossil fuels releases large quantities of
CO2 which increases the greenhouse effect. Many directives
and policies have been enacted in the EU aiming at supporting
renewable energy sources. The goal of the EU for 2020 is to
meet the socalled “20-20” targets.

The key objectives of these targets are a 20% increase in
use of renewable sources and a 20% decrease in emission of
greenhouse gases. In order to reach these objectives, EU
countries are introducing various economic instruments to
stimulate investing in renewable energy sources, such as feed-
in tariffs, quota systems and green bonus. The Serbian
Government has adopted several regulations under Directive
2009/28/EC from November 2009, including establishing a
system of ‘“incentive tariffs” within which the Serbian
Government will subsidize the cost of renewable electricity.

Renewable energy sources are the focal point of Serbia’s
energy independence in the future. This is supported by the
fact that the total potential of energy from renewable sources
can meet a quarter of Serbia’s annual demand; add to that the
enormous potential for energy savings across all sectors, and
the general impression is that Serbia has good renewable
energy souces: some estimates of wind power indicate 10.000
MW, while the potential for small hydropower plants is
estimated at no less than 500 MW. Although renewable energy
sources are particularly important for Serbia because of its
accession to the EU, the use of renewable sources in
production of electricity has not yet reached greater
proportions, which is unacceptable given the huge potential for
their use (the overall technical potential of energy from
renewable sources is around 160 PJ per year).

Namely, the large potential for use of solar energy is evident
from the fact that the number of sunny hours in Serbia exceeds
2000, while the solar energy emitted in one year on 1 m2 of
roof of one house equals the energy generated from the
combustion of 130 liters of oil. Areas with a large number of
sunny hours and annual ratio of actual radiation and overall
possibility cover aproximately 50% of Serbia’s territory. Finally,



it is important to note that the energy potential of solar radiation
in Serbia is one third (about 40%) higher than in Central
Europe, making it very attractive to investors (Jankovi¢ et al.,
2015).

Most important points carbon market
development in Republic of Serbia

Keeping in mind global effects of climate changes, as well as
growing number of ecological catastrophes all around the
world, the Kyoto protocol question becomes more and more
significant. The necessity of implementing this document is
quite obvious. Republic of Serbia signed Kyoto protocol on
January 17t 2008. Even though Serbia’s position is mainly
defined by causes and consequences of transition to EU
membership, certain experiences of some countries might be
of importance for understanding global tendencies and defining
one’s position. This particularly refers to tendencies related to
negotiations on future activities of international community
regarding climate changes and taking over commitments which
are (not) in accordance with economic and social abilities.
(Todi¢ and Grbi¢, 2014).

Considering former analyses and projections, crucial points
of emission market growth would be the following: (Djordjevic
etal. 2016):

1. Aprice signal on current greenhouse gas emissions;

2. Planned new fossil fuel capacity; Implementation of the
Industrial Emissions Directive;

3. Renewable energy;

4. Energy efficiency:

Using carbon markets to improve the energy efficiency of a
country may have some positive implications such as:
attracting new technologies,
encouraging economic innovation,
improving the competitiveness of the economy and
fostering long-term economic growth.

Pursuant to the above mentioned, investing in projects of
utilization of renewable energy is very important for several
reasons (Rakic, 2009):

Renewable energy sources have a very important
role in reducing CO2 emissions into the atmosphere
and reducing emissions is the goal of European
Union policy;

increase the share of renewable energy increases
the sustainability of the system (reducing
dependence on imports of raw material and
electricity);

expected that the OIE become economically
competitive with conventional energy sources.

Bearing in mind the global effects of climate change on the
health of the population in the Serbia, as well as the increasing
number of environmental disasters around the world, the issue
of the Kyoto Protocol, and to invest in projects of utilization of
renewable energy is becoming increasingly important
(Stojanovic and Popovic, 2016).
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Conclusion

Globalization affects the way of life in all the countries,
including the Serbia, so that the further development of the
energy sector is increasingly conditioned by generally
accepted international rules. At the global carbon market, the
Republic of Serbia can turn its energy inefficiency in
comparative advantage. Charging emissions will inevitably
focus the producers on using of cleaner technologies.
However, improving the efficiency of energy consumption is
not just presuming the application of certain technical
solutions. In fact, any technology, no matter how effective, lose
that feature if not used in the most efficient manner. If the
Serbia wishes to become a full member of the EU it is
necessary to adopt rules for protecting the environment and
reducing climate change.

When it comes to power generation, investment projects in
this area are primarily directed on funding the capacity building
for the use of RES such as wind, solar and hydropower.
Investing in projects of utilization of RES is primarily a matter of
people's consciousness and their will to change long-
established habits and adoption of energy-efficient solutions.
That is the reason because it is necessary to consider
consumer habits first and direct them toward more
conscientious choices before making recommendations for
improving the energy efficiency of certain country. Accordingly,
deciding about their application will be done on the basis of
their cost-effectiveness, which will increase energy as well as
economic efficiency.
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