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ESTIMATION OF POSSIBLE CO,
EMISSION REDUCTION IN SLOVENIA

Summary

The first estimation of possible CO2 emission reduction, according to the obligations from
Kyoto Protocol, is prepared. The results show that the required 8 % reduction of greenhouses
gases in Slovenia in the period from 2008 to 2012 with regard to year 1986 will require a
through analytical treatment not only in electric power sector but also in transport and industry
sectors, which are the main pollutants.

PROCJENA MOGUĆEG SMANJENJA
EMISIJE CO2 U SLOVENIJI

Sažetak

Pripremljena je prva procjena mogućeg smanjenja emisije CO 2 prema obvezama iz Kyoto
protokola. Rezultati pokazuju da će zadovoljenje zahtijevanih 8 posto smanjenja stakleničkih
plinova u Sloveniji, u razdoblju od 2008. do 2012.godine, prema godini 1986., uvjetovati temeljiti
analitički postupak ne samo u elektroenergetskom sektoru, nego i u sektorima prometa i industrije
koji predstavljaju glavne zagađivače.

1. INTRODUCTION

The purpose of the paper is to evaluate the issue of global emissions of carbon dioxide
(CO2), which is a greenhouse gas. The analysis for the period between 1986 and 2006 has
been made for the entire energy sector, whereas special attention has been paid to the electric-
ity generation sector. The projection of CO 2 emissions for the 10-year horizon covered by
NEP (1997 - 2006) has been made on the basis of NEP's electricity generation balances. An
estimation of the issue of CO 2 emissions in electricity generation for the period between 1997
and 2006 with the vision up to 2012 has been elaborated. Two variants of possible CO 2 emis-
sion reduction, each of them having three options for their achievement through reduced use
of coal in Slovenian power plants, have been analysed (Variant A predicts 0 percent emission
growth in 2006 with regard to the base year 1986, while Variant B predicts 2 percent lower
CO, emissions than in 1986).
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2. BASIS AND STARTING POINTS

2.1. Kyoto Protocol

Signing the Kyoto Protocol in December 1997, the Republic of Slovenia obliged itself to
reduce CO, emissions until 2012 by 8 percent with regard to the base year, 1986.

2.2. Energy and Environmental Background

The analysis of possible emission reduction in the energy generation sector is based upon
the following:

1. Base year is 1986. the analysed period is NEP horizon 1997-2006, reference year is
2006. The projection has been made for 2012, which is the target year of the Kyoto Protocol.

2. The analysis comprises the following two variants:
Variant A (0 % CO2 emission growth in 2006 with regard to 1986),
Variant B (2 % CO2 emission reduction in 2006 with regard to 1986).

Each of the variants has three options (reduced consumption of: domestic sub-bitumi-
nous coal, domestic lignite and imported pit coal).

3. Electricity generation balances used for NEP and for the projected balance for the year
2012 with limited use of indigenous coals (4,000.0 kt/year of lignite and 900.0 kt/year of sub-
bituminous coal), have been used.

4. The main strategic objectives of Slovenian energy policy (switch of CHP Ljubljana to
natural gas after 2010, completion of the cascade of HPPs on downstream part of the Sava
River, use of liquid fuels only for starting operations in thermal power plants, etc.) have been
taken into account.

5. The analysis has concentrated on the impact of coals in power plants, which in the
electricity generation sector burn domestic or imported coal.

6. The analysis considers results of all so far elaborated evaluations and reports on this
topic [[4, 5]], as well as the application of the results on both variants and all reasonable
options.

7. Only environmental and energy indicators have been analysed. Since economic indica-
tors, impacts on national and business economy and social aspects have not been analysed, this
analysis can serve only as an aid in understanding the NEP's prognosis of CO2 emissions.

2.3. Method of Analysis

The imperative in our case is the quantity of CO2 emissions in the reference year 2006,
which is compared with the base year 1986. For the last years of NEP (2004-2006) the theory
of linear interpolation has been used. The calculation of energy parameters is performed in the
reversed order (from emission quantities, through reduced use of coal, to reduced electricity
generation), which is dictated by the agreed limits.
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3. ANALYSIS OF CO2 EMISSIONS CAUSED
BY ELECTRICITY GENERATION

3.1. Total CO Emissions from Electricity Generation Facilities

Table 1: Total CO2 emissions in electricity generation [[4]]
(kt of co2;

Power Plant
Location - source

year

TPP Šoštanj
TPP Trbovlje
CHP Ljubljana
TPP/CHP liquid
TPP/CHP gas

Total

base
year
1986

4480
570
860
62

5972

1997

3567
795
703
53
6

5124

1998

3584
759
762
43

6

5154

NEP

1999

3883
741
769
130
57

5580

time

2000

3927
719
795
118
153

5712

horizon

2001

3911
798
721
65

153

5649

2002

3923
776
750
74

153

5676

1997

2003

3934
755
776
81

267

5813

-2006

2004

3943
996
817
31

267

6054

2005

3952
970
817
31

477

6247

refer,
year
2006

3952
989
817
31

477

6266

target
year

2012**
3727
1001

465*
31

782

6006

Note:
* The commitment of CHP Ljubljana to completely substitute coal with natural gas after 2012 has been
considered
** Global estimation of anticipated emissions

Table 1 shows the total CO2 emissions caused by electricity generation for the NEP time
horizon, all the more from 2004 to 2006 and for the target year 2012 (see Table in Annex II).
On the basis of the given basic orientations and limitations two scenarios of possible CO2

emission reduction for electricity generation sector have been prepared. [[4]]

3.2. Presentation of Possible Emission Reduction Options

VARIANT A: (0 °/o CO2 emission growth in 2006 with regard to 1986)

The zero growth scenario of CO2 emissions (0 % growth of emission from electricity
generation facilities) means that the CO2 emissions in 2006 will equal those in 1986. The
following three options for achievement of this target seem possible:

TPP Trbovlje - option- reduced use of domestic sub-bituminous coal
TPP Šoštanj - option - reduced use of domestic lignite
CHP Ljubljana - option - reduced use of imported coal

To achieve the target CO2 emissions in 2006 (5,972.0 kt, while NEP predicts for the
same year 6,266.0 kt) it will be necessary to cut them for 294 kt, which represent the
difference between the target value and the value predicted by NEP. According to NEP the
emissions in 2003 will still be below the target for 2006. For this reason the projection of
annual CO, emissions from 2004 to 2006 has been made using the linear interpolation.
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jle 2: CO, emissions and deviations of the Variant A from NEP

(kt CO2)
surplus kt CO2

NEP-Variant B
1986
0

2003
0

2004
+ 188

2005
+328

2006
+294

2012
+512

Note: + means surplus of CO2 emissions with regard to the given limit

VARIANT B: (2 % less CO2 emissions in 2006 with regard to 1986)

This scenario predicts a 2 percent reduction of CO2 emissions from thermal power plants
in 2006 with regard to 1986. This will require a reduction of the use of coal and consequently
lower electricity generation in thermal plants, according to one of the same options as at
Variant A.

The CO2 emissions predicted by NEP (6,266.0 kt) will, according to this variant, have to
be lower for 414 kt (2 % less than 5,972.0 kt from 1986 is 5,852.0 kt). The yearly values of
emissions have been defined by linear interpolation.

Table 3: CO, emissions and deviations of the Variant A from NEP

surplus kt CO2

NEP- Variant B
1986
0

2003
0

2004
+228

2005
+408

kt CO2)
2006

+414
2012

+512
Note: + means surplus of CO2 emissions with regard to the given limit

3.2. Results of Possible CO2 Reduction Options

3.2.1. Evaluation on the Example of Indigenous Sub-bituminous Coal

According to NEP, the annual sub-bituminous coal production in Trbovlje is limited to
820.0 kt until 2004, and to 900.0 kt after 2004. Variant A requires already in 2004 a reduc-
tion of coal production and consumption for 174 kt (21%), in 2005 for 304 kt (37%), and in
2006 for 272 kt (33%). The projection for year 2012 requires in that year a reduction of coal
production and consumption in the amount of 475 kt (53%) with regard to the values from
NEP. The requirements of Variant B are even tougher, so for example in 2005 a reduction of CO2

emissions in the amount of 378 kt (46% reduction with regard to NEP), while in 2006 of 384 kt
reduction (47%) should be achieved. It is obvious that according to both variants the production
and consumption of domestic sub-bituminous coal will have to be reduced by 1/3 to 1/2 with
regard to the quantities predicted in NEP. According to the Variant A in the period 2004-2006
the consumption of sub-bituminous coal will be 750 kt lower, which means that 718 GWh of
electricity will have to be provided from other sources. According to the Variant A in the period
2004-2006 the consumption of sub-bituminous coal will be 973 kt lower, which means that 932
GWh of electricity will have to be provided from other sources.

Both variants show that the reduction of coal production in Trbovlje by 1/3 to 1/2 will make
the continuation of coal extraction in Trbovlje and thus the further existence of the Trbovlje Coal
Mine economically unjustified.
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3.2.2. Evaluation on the Example of Indigenous Lignite

Annual lignite production is in NEP limited to 4,000.0 kt for the period up to 2006, while
the Velenje Colliery foresees continuation of such production after that year. Of the above
quantity of lignite 160 kt/year are predicted to be used for heating purposes, 80 kt/year by
other consumers and the remaining huge majoritiy (3,760.0 kt) by TPP Šoštanj. Variant A
requires in 2004 a reduction of lignite production and consumption for 187 kt (5 % with
regard to NEP), in 2005 for 325 kt (8 %), and in 2006 for 292 kt (7 %). The projection for
2012 requires a reduction of lignite production and consumption for 508 kt (13 %) with
regard to the long-term plans of the Velenje Colliery. The requirements of Variant B are slightly
tougher than in Variant A. According to the Variant A in the period 2004-2006 the consump-
tion of lignite will be 804 kt lower, which means that 663 GWh of electricity will have to be
provided from other sources. According to the Variant B in the period 2004-2006 the con-
sumption of lignite will be 1042 kt lower, which means that 859 GWh of electricity will have
to be provided from other sources. The required 13% reduction of lignite consumption in TPP
Šoštanj influences the profitability of the operation of the Velenje Colliery. The long-term plans
of the Velenje Colliery also predicts a possibility of three variants of annual lignite production
(4,000.0 kt, 3,800.0 kt and 3,600.0 kt), but the lower annual lignite production makes the
planned gradual reduction of production costs impossible.

Both studied Variants A and B in long-term reduce the annual lignite production to less
than 3,600.0 kt, which is not acceptable from the business aspect of the Velenje Colliery since
it increases the production costs and therefore disturbs the trend of gradual reduction of these
costs.

3.2.3. Evaluation on the Example of Imported Coal

NEP predicts the use of 463 kt of imported coal in CHP Ljubljana in the period 2004-
2010. Variant A requires in 2004 a reduction of coal imports and consumption of imported
coal for 107 kt (23 % with regard to NEP), in 2005 for 186 kt (40 %), and in 2006 for 167 kt
(36 %). The projection for 2012 does not predict any coal imports due to the planned fuel
switch to natural gas.

The requirements of Variant B are slightly tougher than in Variant A. According to the
Variant A in the period 2004-2006 the consumption of imported coal will be 406 kt lower,
which means that 748 GWh of electricity will have to be provided from other sources. Accord-
ing to the Variant B in the period 2004-2006 the consumption of imported coal will be 595 kt
lower, which means that 968 GWh of electricity will have to be provided from other sources.
The reduction of the use of imported coal in CHP Ljubljana, for 107 to 235 kt per year, means
a reduction of import from 23% to 51%. This is an essential deviation from the long-term coal
supply contract (valid for the 10 year period from 1998), which influences the profitability of
electricity generation. Such a decision in principle has no sense since it already now requires a
radical change of fuel (natural gas instead of imported coal), a change to which the company
CHP Ljubljana is not yet prepared (new investment). In the long-term plans such fuel substitution
is planned, but only after 2010.
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3.3. Possibilities of CO, Emission Reduction
2

in Electricity Generation Sector

Analysis of the structure of CO7 emissions in Slovenia has shown that in 1986 the electricity
generation contributed with 40% (5,972.0 kt) to the total Slovenian CO2 emissions (15,054.0
kt). The structure of CO9 emissions in 1996 was the following: electricity generation 31 %,
transport 29%, industry 15%, households 11%, on-site consumption 6% and other consumption
8%. In 1997 the electricity generation contributed 34% (5,124.0 kt) to the total CO2 emissions
(15,111.0 kt). For 2006 it is forecasted that the share of electricity generation will rise to 38 %
(6,266.0 kt) of the total CO2 emissions in Slovenia (16,565.0 kt). The projection of emissions
for 2012 shows that the substitution of imported coal with natural gas (beside a higher share of
electricity generated from hydropower and other renewables) will substantially improve the
situation regarding CO2 emissions. The forecasted CO2 emission from power plants in 2012
amounts to 6,006.0 kt. The CO2 emissions from the Slovenian power plants in the year 2012
will stay on the same level as in the base year 1986 (only 0.6 % growth). It would be necessary
and justified to distribute the burden of the CO, emission reduction evenly among the all emit-
ters of this greenhouse gas. Thus, the electricity generation sector will have to contribute only its
share (8%) in the fulfilment of Kyoto obligation.

It will be possible to achieve this only if the structure of electricity generation facilities is
substantially changed with increased share of hydropower, cogenerations and renewables.

The above presented analysis of environmental issue in electricity generation does not yield
the authoritative answer about which of the options is the most suitable. It shows only how much
of electricity will have to be provided from other sources due to the emission reduction. The
variant of electricity import has currently both advocates and opponents; it is less probable in the
long-term. The electricity import would drastically increase Slovenian energy dependence.

The option of a reduced use of sub-bituminous coal requires a profound analysis of all
aspects. It would be less problematic to reduce the use of domestic lignite, although this option
also opens many questions, especially those concerning the decrease of lignite production
costs.

The option of the substitution of coal with natural gas in CHP Ljubljana looks quite
radical and promising due to its quickly achieved effect. The substitution of 463 kt of im-
ported coal, the burning of which causes annually 817 kt of CO2 emissions. The substitution
of imported coal seems very interesting especially taking into account the fact that it will be
replaced by 244.5 M Nm3 of natural gas, the burning of which will cause per year only
465 kt of CO, emissions. The latter means almost halving (precisely a 43 % decrease) of the
emission values in the case of the use of natural gas. This has been taken into account in the
quantitative CO2 emission balances for 2012.

A good result would probably also be obtained by a combination of the reduction of
domestic coal consumption and substitution of imported coal with natural gas. The only prob-
lem is that this combination requires much larger analyses with many variations of annual
operation hours of various thermal generation units.
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3.4. Final Conclusions of the Analysis

The total CO2 emissions that amounted to 15,054.0 kt in 1986 have to be according to
Kyoto Protocol reduced by 8%, which means that in 2012 they must not exceed 13,850.0 kt.
Quantitatively this means a reduction of total annual CO2 emissions for 1,204.0 kt with
regard to the base year.

If imported coal in CHP Ljubljana is replaced by natural gas, 463 kt/year (8,332.0 TJ) of
imported coal will be replaced by 244.5 M SmVyear of natural gas. This will reduce the
annual CO2 emissions from planned 817 kt to 465 kt, which is a reduction for 352 kt. With
this measure the required CO2 emission reduction in electricity generation is almost achieved.
The remaining part of the necessary reduction (difference 45 to 130 kt) can be achieved
partially with reduced use of lignite and partially with reduced use of sub-bituminous coal.

The situation will be completely different if the electricity generation has to take the
entire burden of CO2 emission reduction. In this case the basic directions of the Slovenian
Energy Strategy will be violated, as well as the main background assumptions for the elabora-
tion of NEP (amount of production and consumption of domestic coals). This has already
been analysed in options of Variants A and B (for 2012).

The conclusion of the analysis is therefore that energy generation sector can be burdened
only with its own part of CO2 emission reduction (-8 %) according to Kyoto Protocol.

It is necessary to as soon as possible take adequate measures and make agreements con-
cerning CO2 emission reduction in all sectors (electricity generation, transport, industry and
other consumption)

4. STATINGS

4.1. Quantitative Estimation of Emissions by Sectors

From the enclosed tables and graphs it is obvious that the issue of CO2 emissions in
Slovenia is complex and very demanding. The estimations on the basis of calculations clearly
show that emissions in all sectors indicate the trend of growing, which can be worrying regard-
ing the required CO2 emission reduction in the Republic of Slovenia.

Annual CO2 emissions will according to NEP in energy sector grow by some 10% until
2006 with regard to the base year 1986. In other sectors (transport, industry, other consum-
ers) the CO2 emissions will increase by 13,4 %.

4.2. Specific CO2 Emissions in Electricity Generation Sector

In the same period the CO, emissions in electricity generation sector will slightly grow by
4.9%, although by 7.5% lower specific emissions CO2 per kWh_of electricity generated will
represent an important criteria for emission reduction.

The specific CO, emission in Slovenian thermal power plants (kg per kWh generated)
reached in 1986 the value of 0.493 kg CO2/kWh, and it is predicted that in 2006 it will be
reduced to 0.456 kg CO2/kWh.
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The electricity generation sector will at the end of NEP time horizon reach the 7.5%
reduction of specific CO, emission per unit of electricity generated in comparison with the year
1986.

5. PROPOSALS AND RECOMMENDATIONS

5.1. Proposal of Measures for Electricity Generation Sector

According to the long-term forecasts the electricity demand and consequently electricity
generation will rise in the future. The envisaged reduction of specific, as well as total CO2

emissions, will be possible only with the following measures:
- With increased generation of HPPs
- With increased generation of cogeneration facilities;
- With the use of environmentally friendly and CO2 neutral energy sources

(hydro, biomass, solar energy etc.);
- With the substitution of coal in thermal and cogeneration plants with renewables;
- With increased electricity import (increases energy dependence);
- With increased generation in NPP Krško.

5.2. Proposal of Measures for Transport, Industry and Other Consumers

It will be urgent to check for the period until 2012 (2006) the fuel consumption in the
sectors which will have an important impact on the future emission (transport, industry and
other consumers).

5.3. Recommendations for the CO2 Emission Reduction

Mechanisms and activities that enable CO, emission reduction are:

- Use of solid, liquid and gaseous biomass for energy purposes;
- Increased use of all renewables (hydro, solar, biomass, waste, etc.);
- Accelerated introduction of cogenerations (biomass),
- Exploitation of waste heat from large industrial plants;
- Increased energy efficiency in various technological processes;
- Transfer to environmentally friendlier modes of transport;
- Suppression of unnecessary traffic and transport;
- Reduction of energy losses in transport and distribution;
- Improvement of building insulation and systems of natural heating

of residential areas.
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6. CONCLUSIONS

The results of the analysis show that the reduction of fossil fuels use in thermal power
plants and cogeneration plants will relatively reduce annual CO2 emissions (reduced use of
sub-bituminous coal in TPP Trbovlje, reduced use of lignite in TPP Soštanj, reduced use of
imported coal in CHP Ljubljana), but it will be necessary to provide the thus non-generated
electricity from other sources. This can be done in two different ways; with the contracting of
generating capacities abroad or with the construction of new generation facilities for exploita-
tion of renewables (hydro, biomass, solar, etc.) and other environmentally friendly energies.
The electricity generation from indigenous renewables will also bring the reduction of energy
dependence, possibility of economic growth in local communities and decrease of unemploy-
ment rate. A co-ordinated profound analysis of emissions will be needed. For this purpose we
recommend a co-ordinated co-operation of both competent ministries (Ministry of Economic
Affairs and Ministry of Environment and Physical Planning) in the definition of efficient solu-
tions and measures (accelerated introduction of renewables) that will finally result in an environ-
mentally adequate development option of the Republic of Slovenia. The elaborated material
serves as a background for the further operative solving of the issue of CO, emission reduction.
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