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A B S T R A C T 

The case of early termination of the operation of units 1 - 4 in NPP "Kozloduy" would have a considerable 
impact on the greenhouse gas (GHG) emissions because in the structure of the electricity production the 
nuclear power plant occupies over 40%. Due to decrease of the share of the nuclear energy in the electricity 
production the share of the solid and gaseous fuels increases. They are a considerable source of GHG 
emissions. 

Three scenarios for the development of the electric power sector until year 2015 have been studied for the 
case of early termination of the operation of units 1 - 4 in NPP: 
• Scenario 1: Early termination of the operation of units 1 - 4 according the terms pointed out by the EU. 
• Scenario 2: Decommissioning of units 1 - 4 according the term in the project design. 
• Scenario 3: Early termination of the operation of units 1 - 2 according the terms pointed out by the EU 

and decommissioning of units 3 - 4 according the term in the project design. 

Comparative calculations have been performed for the forecasted GHG emission quantities in the first 
commitment period of the Kyoto Protocol (2008 - 2012). The potential for possible quantities of GHG 
emissions that could be traded during the entire five-year period are estimated. At minimum possible price of 
the emissions 5 $US/tCO2 the annual income will be at least 100 - 130 mill $US. 

The realistic estimation regarding the omitted benefits due to early termination of the operation of units 1 - 4 
is about 900 mln $US for the five year period of Kyoto. 

The continued operation of units 3 - 4 to the end of the term defined in the project design could make it 
possible to fulfill an income of 700 mill to 1 billion $US from emission trading. 

 
 

INTRODUCTION 

Life on Earth, in the form we know it, is possible thanks to the natural greenhouse effect. The naturally 
existing greenhouse gases (GHGs), mainly water vapor (H2O), carbon dioxide (CO2) and traces of 
methane (CH4), nitrous oxide  (N2O) and  troposphere ozone (O3) allow solar energy  to penetrate 
atmosphere and reach the Earth as invisible light. Later on the GHGs “capture” the infrared radiations 
emitted from the Earth and reflect it back to the surface. The greenhouse effect that used to be a blessing for 
the Earth has turned into a serious threat during the last century, provoked mainly by human activities. The 
industrial breakthrough and the continuous population growth constantly increase the GHG emissions by 
burning organic fuels, deforestation and clear cuts for agricultural terrains. During the last 100 years 
Humanity has been emitting more GHGs than Nature could assimilate.  

The United Nations Framework Convention on Climate Change (UNFCCC) was adopted in 1992 in Rio 
de Janeiro. It put all the countries under the obligation to elaborate and implement policies and measures on 
limiting the GHG emissions. Due to the torpid reaction of the developed countries (appearing to be the major 
GHG “producers”) in 1995 was initiated a discussion on increasing the obligations assigned in the 
Convention for the period after the year 2000. The Kyoto Protocol was adopted in 1997 as a result of this 
process. 

The Kyoto Protocol (KP) represents a serious step towards decreasing the emissions of six greenhouse 
gases (CO2, CH4, N2O, HFCs, PFCs and SF6) as for the first time legislation imposes bounding 
obligations for the countries. According to the KP the developed countries have fixed duties: during the 
first commitment period (2008 – 2012) they will have to decrease their overall GHG emissions, with at 
least 5% compared to the 1990 levels.  



Bulgarian Atomic Forum – BULATOM                                       
http://www.bulatom.org 

Energy Institute JSC / 2

After the ratification of the Kyoto Protocol our country undertook the obligation to decrease the GHG 
emissions for the period 2008-2012 by 8% compared to the country base year 1988. Due to the total 
economic recession the GHG emissions tended to decrease by now. Nevertheless it does not mean that there 
is nothing to worry about, especially in the forthcoming close down of units 1 to 4 (440 MW each) of 
Kozloduy NPP. 

According to the GHG emissions released the methods for power generation could be classified into the 
following three groups: 

1. Production without GHG emissions. These are mainly the renewable power sources (wind, solar energy, 
geothermal energy, biomass and hydro-power), and nuclear energy.  

2. Power generation from low-emission sources: natural gas, petroleum products. The emissions per 1 
kWh electricity produced vary from 0,26 to 0,46 kg СО2  according to the applied technology. 

3. Production from high-emission sources (coal) 
• - high-grade black coal – 0,9-1 kg CO2/ kWh 
• - brown coal and high-grade lignite – 1-1,2 kg CO2/ kWh 
• - low-grade lignite – 1,3-1,6 кг CO2/ kWh 

It is obvious that the decision on closing units 1-4 of Kozloduy NPP will have strategic consequences by 
changing the proportions of “pure” sources (what nuclear energy is) and the polluting energy sources (such 
as power plants burning fossil fuels).  

Scenarios for the development of the Energy sector during the period 2002- 2015 in case of closing units 
1-4 in Kozloduy NPP 

The Energy sector comprises of activities and processes related to extraction of fossil fuels, processing and 
conversion of fuels and energy and burning fuels for industrial, transport, agricultural, forestry, commercial 
and residential purposes. The preliminary closing of units 1-4  in Kozloduy NPP is a strategic decision 
analyzed based upon the overall modeling of the country’s energy system during the period before the end of 
2015. The scenarios for electricity consumption and production are elaborated based on the variation 
approach. They comply with the Bulgarian Energy Strategy (April, 2002) general principles concerning the 
environment: rehabilitation of the units of large TPPs, keeping the share of nuclear energy, increasing the 
portion of renewable energy sources, enlarging the capacities operating on natural gas, reducing losses from 
electricity and heat transition and gas supply networks, etc.  

The consumption of electricity is secured by different combinations of closing generating capacities and 
commissioning of new ones, without changing the electricity consumed by end-users.  

The ongoing rehabilitation of units 5 and 6 in Kozloduy NPP is expected to raise their loading factor up to 
75%. This improvement is included in the models, as well as an improvement of the usability of units 1-4 up 
to 75% too. 

During technical discussions the experts from the country and abroad concluded that units 1-4 could be 
exploited, according to their project terms, for 30 fuel cycles. In such a case the last operating years of the 
units would be as follows: Unit 1 – 2009, Unit 2 – 2008, Unit 3 – 2014, and Unit 4 – 2015. These terms are 
accepted as base for determining the variants for development scenarios of the Energy sector. 

Three scenarios for closing units 1-4 in Kozloduy NPP were elaborated.  

Scenario C1- Preliminary closing of units 1-4 within the terms fixed by the EC; 

Scenario C2- Closing down units 1-4 according to their project terms; 

Scenario C3- Preliminary closing only of units 1-2 according to the terms fixed by EC; 

Scenario C1 (complying with the EC requirements) is used as base for the comparative calculation. 

GHG Emissions from the Energy Sector  
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In Table 1 are presented the aggregated GHG emissions expressed in CO2 Eq. for certain years from the 
prognosis period including the period 2008-2012 controlled by the Kyoto Protocol (here below referred to as 
the Kyoto period). The differences between the emissions from scenarios C2 and C3 in relation to the base 
scenario C1 are also presented there. 

The decrease of overall aggregated GHG emissions during the Kyoto period in scenario C2 would be 46036 
thousand t, or by 13% compared to the base scenario. The decrease in scenario C3 would be 35226 thousand 
t or 10% respectively. These amounts show an average annual decrease by 9207 thousand t under scenario 
C2 and 7045 thousand t under scenario C3. 

 
Table 1. Aggregated GHG Emissions Prognoses for scenarios С1, С2 and С3, thousand t 

  thousand 
tons 

thousand 
tons 

 % 

Year C1 C2 C3 C1-C2 C1-C3 C1-C2 C1-C3 
2002 52554 52560 52560 6 6 0 0 
2005 52663 45346 52706 -7316 43 -14 0 
2008 64808 50441 57704 -14367 -7104 -22 -11 
2009 66654 55958 59508 -10696 -7147 -16 -11 
2010 68616 61537 61536 -7079 -7080 -10 -10 
2011 70023 63090 63089 -6933 -6934 -10 -10 
2012 71803 64842 64841 -6961 -6962 -10 -10 
2015 71918 68425 68424 -3493 -3494 -5 -5 

2008-2012 341903 295867 306677 -46036 -35226 -13 -10 
Annual Ave. 68381 59173 61335 -9207 -7045 -13 -10 

 

Assessment of the GHG emissions that submit to emission trading. 

The maximum emissions that could be subject of emissions trading are estimated as difference between the 
emission limit and the predicted average annual values and equal to:  for scenario С1 – 23880 thousand tons; 
for scenario С2 – 33088 thousand tons; for scenario С3 – 30926 thousand tons. 

The potential for GHG emission trading during the entire five-year long first commitment period is estimated 
by multiplying the above amounts by five, thus obtaining: for scenario C1 – 119400 thousand t; for scenario 
C2 165440 thousand t; and for scenario C3 – 154 630 thousand t. 

This is the maximum possible amount for the relevant scenario and therefore called potential. 

The analysis of the above amounts reveals that the potential of scenario C1 (preliminary closing of units 1-4 
of Kozloduy NPP) is the least. Scenario C2 (closing down units 1-4 according to their project terms) has the 
greatest potential amounts that are 38,6% more than those of C1. The potential of scenario C3 (preliminary 
closing of only units 1-2 according to terms fixed by EC) is 29,5% higher than that of scenario C1.  

These figures prove the unambiguous importance of keeping units 1-4 in operation, thus ensuring a 30% 
higher potential than in case of their preliminary closing – scenario C1. 

Keeping units 3 and 4 in operation indisputably has the greatest influence upon the emission trading potential 
of Bulgaria for the Kyoto period. The contribution of these two units for the period is 35,2 million tons of 
CO2 Eq. 

Keeping units 1 and 2 in operation will save another 10,8 million t of CO2 Eq.  which also is a considerable 
emission decrease. We should note that during the entire period of exploitation of units 1 and 2 after the year 
2003 (until the project terms) the GHG emissions will be decreased by 47,9 mill t of CO2 Eq. which is a 
substantial contribution from the climate change point of view. 
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The contribution of units 1 to 4 up till their project terms would be 108.9 mill t decreased emissions. This 
amount is bigger than the annual emissions from the entire Energy sector during the base Convention year – 
1988.  

The continuous exploitation only of units 3 and 4 till their project terms would lead to an emission decrease 
for the entire period by 61 mill t – about 60% of the annual emissions from the Energy sector during the base 
year – see Table 2.  

Table 2. Benefits from the continual exploitation of units ВВЕР 440 in Kozloduy NPP, million t CO2 
Eq. 

Variants Kyoto period (2008-2012) Total contribution  
(2002- 2015) 

Keeping units 1 and 2 10,8 47,9 
Keeping units 3 and 4 35,2 61,0 
Keeping units 1 to 4 46,0 108,9 

These figures show the great importance of keeping units WWER 440 of Kozloduy NPP in operation until 
their project terms and their influence upon the emissions from the Energy sector of the country. 

The exploitation of the four WWER 440 units in Kozloduy NPP results in average decrease of the GHG 
emissions in Bulgaria by 14,5 mill t CO2 Eq annually. Such considerable amounts could hardly be 
compensated by means of other measures and exceed by 12,4 mill t CO2 Eq. the emission decrease specified 
in the Kyoto Protocol. 

Financial assessment of losses and benefits from the changed conditions for GHG Emission Trading.  

The emission trading is one of the methods for decreasing GHG emissions at a global scale recommended by 
the KP. During the last decade in the USA this method has proved its effectiveness in achieving certain 
target values of the SOx and NOx emissions at lease expenses and without implementing administrative 
regulatory mechanisms. 

In case that no emission trading or other flexible mechanisms are applied, the marginal costs for complying 
with the Kyoto target values would be about 90-100 $/t CO2. 

At present experts are liable to reasonably evaluate a ton of CO2 in the range of 5 – 30 $/t CO2 and an 
realistic average cost of 20 $/t CO2. 

In Table 3 are presented the potential incomes from emission trading with decreased emissions from the 
Energy sector during the Kyoto period, observing the EC requirements fro closing units 1-4, and with 
different prognosis prices per ton of CO2 Eq.  

 Table 3. Incomes from emission trading with decreased emissions from the Energy sector in case of 
closing units 1-4 according to the EC requirements, million $ 

Year Potential  Income, million $  
 thousand ton CO2 

Eq . 
5$/t 10$/t 20$/t 30$/t 

2008 27453 137,3 274,5 549,1 823,6 
2009 25607 128,0 256,1 512,1 768,2 
2010 23646 118,2 236,5 472,9 709,4 
2011 22238 111,2 222,4 444,8 667,2 
2012 20458 102,3 204,6 409,2 613,7 

2008-2012 119402 597,0 1194,0 2388,0 3582,1 

As seen in the Table, the Energy sector has considerable emissions trading potential (an annual income of at 
least 100-130 mill $ with lowest possible emission price of  5$/t CO2). 
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Incomes from Emission Trading, 20 $/t
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Фиг. 1 

Under the realistic emission cost of 20 $ / t CO2 the annual income varies between 409 and 549 million $ 
(see fig. 1) and could constitute a big item in the Bulgarian international trade incomes. Despite this the 
Energy sector could increase this potential by 30 – 50% during the years of the first Kyoto period. This 
increase makes 38% on average or about 9,2 million tons of CO2 Eq. annually. In order to achieve this 
Bulgaria should keep units 1 to 4 of Kozloduy NPP in operation till their project terms.  

 
Table 4. Additional incomes from emission trading with decreased emissions from the Energy sector. 

Units 1 to 4 are exploited till their project terms, million $ 
  Additional    

Year Potential   Income, mill$  
 thousand t CO2 

Eq 
5$/t 10$/t 20$/t 30$/t 

2008 14367 71,8 143,7 287,3 431,0 
2009 10696 53,5 107,0 213,9 320,9 
2010 7079 35,4 70,8 141,6 212,4 
2011 6933 34,7 69,3 138,7 208,0 
2012 6961 34,8 69,6 139,2 208,8 

2008-2012 46036 230,2 460,4 920,7 1381,1 

The additional income from emission trading with decreased emissions and keeping the units in operation 
could reach 1.38 billion $ (see Table 4) during the Kyoto protocol, if the price reaches its upper limit. The 
rational assessment for missed profits from emission trading during the period 2008-2012 due to the 
preliminary closing of the units in accordance with the EC requirements amounts to 920 million $ if the price 
is 20 $/t. It is obvious that these are enormous losses for the country economy and should be accounted for 
during the negotiations with the EC.  

In case of earlier termination the operation of units 1 and 2 (in the year 2003) the decrease of the incomes 
from emission trading would not be so considerable – Table 5.  
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Table 5. Additional incomes from emission trading with decreased emissions from the Energy sector. 
Units 3 and 4 remain operational till their project terms, units 1 and 2 close in 2003, mill $ 

  Additional    
Years Potential   Income, mill$  

 thousand t  CO2 
Eq. 

5$/t 10$/t 20$/t 30$/t 

2008 7104 35,5 71,0 142,1 213,1 
2009 7147 35,7 71,5 142,9 214,4 
2010 7080 35,4 70,8 141,6 212,4 
2011 6934 34,7 69,3 138,7 208,0 
2012 6962 34,8 69,6 139,2 208,9 

2008-2012 35226 176,1 352,3 704,5 1056,8 

The reason is that their exploitation terms expire in 2008 and 2009 respectively, due to which their operation 
would add to only during the first years of the Kyoto period. Despite this even the preservation only of units 
3 and 4 could lead to additional incomes from emission trading in the order of 1 billion $ if the emissions 
price is at the highest value. At the same time the preliminary closing of units 1 and 2 deprives the country of 
the possibility to prolong the exploitation terms over the projected ones and thus to obtain substantial 
incomes from emission trading for the first, as well as for the following commitment periods under the 
Kyoto Protocol.  

 

CONCLUSIONS 

Complying with the EC requirements and closing the four WWER 440 units in Kozloduy NPP would lead to 
considerable increase of the Bulgarian contribution in global warming. The decommissioning of these units 
the annual GHG emissions raise by over 14 million t CO2 Eq.  

The preliminary closing of the units would lead to essential financial losses and missed profits from emission 
trading during the first commitment period under the Kyoto Protocol - 2008-2012. In case of compliance 
with the EC requirements and high emission prices these losses may reach the amount of 1,38 billion $ for 
five years, or 276 mill $ annually on average. During the first years of the period Bulgaria will sustain the 
biggest losses (431 mill $ in 2008 and 321 mill $ in 2009). 

The realistic assessment of the missed profits amounts to about 900$ for five years, or over 180 mill $ 
annually. 

Keeping units 3 and 4 in operation till their project terms would make the realization of incomes from 
emission trading in the range of 700 mill $ to 1 billion $ possible. 

The major losses for the Kozloduy NPP proprietor from the preliminary termination of units are estimated on 
the base of financial and economic indices for missed profits from electricity sales. The social damages 
should be assessed in two ways: first, necessity for earlier investments for new replacing capacities (over 1 
billion $ invested several years earlier) and the coinciding rise of the electricity price; and second, the missed 
profits from emission trading – about 700 mill $ to 1,38 billion $ for the period 2008-2012, which could turn 
the most severe financial loss for the country. This amount of money imposes the necessity of maximum 
efforts for keeping these units operational, even at the cost of considerable investments that will be 
compensated later on by means of emission trading. 

 

 


