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Abstract:

€900 million of the EU's €5-billion stimulus funding package has been approved to bring down the cost of carbon-neutral coal power. Capturing and storing more than 90% of the CO2 from coal plants would significantly cut EU´s emissions of green house gasses. But is CCS really an effective  way to reduce our carbon emissions? And what potential is in the Czech Republic and Austria for CCS? In our study we endeavor to analyze the process of CCS and stress the questionable points mainly related to the energy demand of such technology. Moreover based on the official data and time series we try to estimate the total CCS potential in the Czech Republic and compare the findings with the estimated costs.

Introduction

Intensification of the greenhouse effect in consequence of the human activities and subsequent increase in average temperature from the end of the 20th century has becoming more and more discussed topic both within academic circles and in public.

That it really is a serious problem is obvious if we look at the concentrations of the greenhouse gases (GHG) in the atmosphere. A serious increase has been notable since the middle of the 18th century when people started to burn fossil fuels in greater extent as a result of the industrial revolution. Further significant factor of increase of the GHG is the growth in agricultural activities and changes in the usage of landscape. The most obvious increase in concentration has happened by carbon dioxide that is the most significant antropogenic greenhouse gas. According to IPCC (International Panel on Climate Change, 2005), its concentration has increased on the value of 379 ppm by which it has surpassed the natural range of values between 180 to 300ppm during the last 650 000 years. The most disturbing fact is however the pace of the increasing concentration. In spite of the certain variability, the average annual growth of concentration during last decade is 1, ppm compared to 1,4 ppm during 1960-2005.

According to the last findings of IPCC, the increase of average global temperatures of air and oceans, glaciers melting and rising surface of oceans are the direct consequences of the increased antropogenic production of greenhouse gases.

Therefore the only logical conclusion is an agreement among states on the decrease of the emitted greenhouse gases into atmosphere. There are plenty of pieces of mechanism which can be used and this paper aims to assess the potential benefit and risks of one of them – the technology Carbon Capture and Storage (CCS).

Approach

Our reasoning considers general agreements about global warming and the need for mitigation through cutting the carbon emissions as axiomatic and does not question any of them. Concerning the subject of the study, all our claims result from official data

The principles of the Carbon Capture and Storage (CCS) technology

The idea behind CCS technology is in principle not difficult and can be separated into four relatively independent parts : separation of CO2, transportation to the place of storage, storage and subsequent monitoring of the place. It is supposed that the application of CCS technology could be cost effective for large sources of emissions surpassing 1 million tonnes CO2 a year. In the Czech Republic, according to (3), there are about 25 sources in this cathegory. These are mainly power plants, which altogether produce more than half of the total emissions in the Czech Republic.

Separation of the CO2:

There is a variety of technologies capable of separating CO2 from exhaust gas. Having a look at the table of the largest stationary sources of emissions in Table 1, we can realize that the prevailing part of emissions comes from burning fossil fuels.

	Technological process
	Number of sources
	Emissions (MtCO2 annual)

	Fossil fuels
	 
	 

	Electricity and heat production
	4 942
	10 539

	Cement production
	1 175
	932

	Refineries
	638
	798

	Metallurgy industry
	269
	646

	Petrochemical industry
	470
	379

	Other sources
	90
	88

	Biomass
	 
	 

	Bioethanol and bioenergy
	303
	91

	Total
	7 887
	13 473


Table 1: Summary of the world´s largest stacionary sources of carbon dioxide 

emitting more than 0,1 million tonnes of CO2 per year

Three basic technological processes are currently proposed to capture CO2:

· burning with air and CO2 separation from exhaust gas (post combustion)

· burning with oxygen and   separation from exhaust gas (oxy-fuel)

· gasification of the fuel and subsequent separation of CO2 from the gas

(pre combustion)

Cost effective efficiency of separation is assumed to be around 85%, which would imply real emissions at the level from 220 to 250 g/kWh (as comparison, current plants burning fossil fuels are operating in the range of 800-1200 g/kWh).  On the assumption of higher investment, lowering energy efficiency of power plant and usage of the technology Oxy-fuel can be reach the efficiency at the level of 95%.

Transportation on the place of storage:

This part of the CCS technology does not pose any larger problem. Current transportation systems of gaseous fuels are already well known and used on daily bases. The costs for pipeline transportation are than estimated on 1 to 4 EUR/t for the distance up to 250 km.

Possibilities of storage

There are basically two possibilities of storage of the captured CO2. Either in the suitable geological formations under the earth or in the considerable depth in the oceans. The storage in the oceans in larger volumes would bring a significant risk of rising the acidity of water and the subsequent dissolution of the animal´s shells. Mainly the oil or gas reservoirs (both already exploited and still operated) seem to be suitable for the storage under Earth´s surface as well as unexploitable coal layers and deep-seated lakes of water.

Risks bound with the CO2 storage

Indispensable risk of this technology is the security of the tightness of the disposal site in the long-term horizon. It is to assume that if the CCS is applied in larger volumes, even less suitable sites with higher risk will be used. As an example can be given sites along the geological shifts. If we further consider the fact, that the CO2 is to be compressed under the relative high pressure or in some sites even liquefied,we talk about potentially dangerous situation – bearing in mind unpredictable movement of underground water, microearthquake with the risk of violation of top layers, dissolution of some minerals in consequence of the pH change or other carbon dioxide leakage.

At this place might be naturally objected that supply bins for C02 are similar to the supply bins for natural gas, which have been used for decades and which are generally rated as save. However, there are two substantial differences. First, that storage of the gas is not permanent. Gas is stored in an annual cycle, during which the supply bin is filled, stabilized, exhausted and stabilized again. On the other hand, the CO2 would be stored permanently, so the pressure on the supply bin would be constant and thus more dangerous. The second substantial difference is the volume of stored gas. Whereas the volume is roughly constant for the natural gas, the volume is expected to grow steadily for the CO2. That would inevitably lead to the usage of localities, that would be refused as unsuitable for natural gas now. 

Sustainability of CCS

CCS technology is for now questioned for many disputative and risk factors, which give rise to entitled questions about its sustainability. 

First of them is the fact, that the CCS technology would notably increase the fuel consumption mainly in power plants and thus an increase of brutto CO2 emissions. The Picture 1 very nicely illustrates this increase.
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    Picture 1: Increase of the fuel consumption when CCS is applied

This increase has to be indeed compensated either with increase in fossil fuels (mainly coal) exploitation and consumption in order to cover the existing energy demands or with the construction of new plants of different kind able to cover this decline in efficiency. Possible increase in coal consumption then leads directly to the intensification of its exploitation, which brings further ecological and economical problems.

Second, and the most fundamental problem in terms of sustainability, is the permanent storage of the separated CO2. We exclude the storage in the oceans, which would only intensify the effect of the decreasing pH. This trend is notable already now and it is caused by higher concentration of CO2 in the atmosphere. After such exclusion, we get a frame of 50 to 100 years. And this can be stated only when the assumption of sites with no leakage is fulfilled.

CCS and the Czech Republic

The Czech Republic seriously considers the usage of CCS technology on the ground of its current brown coal production. The electricity company CEZ has already expressed its interest and has chosen suitable location for the pilot project.

As the most suitable site seems to be now the locality under the ownership of the company Moravske naftove doly. This site is close to the power plant in Hodonin. The second considered locality may be Ledvice in the northern part of the Czech Republic, where the construction of new brown coal plants is considered. 

First such plant could be constructed with the costs exceeding 10 billion CZK up to the year 2015. CEZ is currently interested in a realization of only a one pilot project. 

Present and future of the coal plants in the Czech Republic

Coal plants are now the prime producer of electricity in the Czech Republic. They are being operated mainly by the group CEZ and therefore the following bilance and prognosis is based on the official data from the company CEZ.  The detailed structure of the installed performance in the year 2008 is given in the following table and graph: 

	ČEZ

	Type of the power plant
	Installed power (MW)

	Nuclear
	3 760

	Coal
	6 603

	Pump storage hydro plant
	1 933

	Water
	724

	Small water
	64

	Wind
	1,6

	Sun
	0,01

	Total
	13 086


 Table 2: The structure of the installed power of the 

 CEZ power plants
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         Picture 2: Structure of the installed power plants in the year 2008

As it is obvious from the picture 4, the coal power plants occupy more than a half of the total installed power in the Czech Republic. The overview of the all coal plants operated by CEZ is in the following table:

	Coal plants

	Particular plant
	Installed power (MW)

	Mělník II
	220

	Mělník III
	500

	Tisová I
	184

	Tisová II
	112

	Poříčí II
	165

	Dvůr Králové nad Labem
	18

	Dětmarovice
	800

	Chvaletice
	800

	Ledvice II
	220

	Ledvice III
	110

	Tušimice II
	800

	Počerady
	1 000

	Hodonín
	105

	Prunéřov I
	440

	Prunéřov II
	1 050

	Ostrava-Vítkovice
	79

	Total
	6 603





   Table 3: Overview of the coal power plants operated 

   by CEZ

From the year 2010 there will be a significant drop in the number coal power plants which are currently operated. By reason of lack of the fuel (or of inefficiency of the opration) 14 plants will be quit according to the medium-term plans. This putting our of operation concerns mainly following plants:

1) Prunéřov I will be put out between 2015-2016 by reason of lack the coal and unsatisfactory 

ecological parameters of the operation, that does not fulfill the limits of the new legislation

2) Mělník III will be put out between 2015-2020  by reason of lack fo coal in the given 

Locality

3) Chvaletice up to 2020 by reason of the attrition of the plant (the renewal is not considered 

as there are not any other sources of coal in the close distance and the transportation of the coal notably increases the costs).

Even in the most optimistic scenarios the coal power plants will lose their share in the structure of the electricity production in the Czech Republic by reason of the inaccessibility of the czech brown coal.

Action plan for the decrease of CO2 emissions in the CEZ group (5)

Action plan summs up the strategy of the group CEZ in the area of decreasing the emissions until the year 2020 (the end of the second phase of EU ETS and the the end of first phase of Kjoto protocol).The measures of the action plan is built on four pillars:

1) Renewable resources. The highest potential is considered to be in the biomass and 

wind.

2) Decrease in the intensity of emissions at electricity production under the EU ETS. A 

decrease in emissions with the constant production poses a strategic advantage and thus entrepreneurial opportunity.

3)  Energy savings. These have both positive contribution to the environment and they are key 

measure in stabilization of the electricity consumption

4) Activities in foreign countries leading to the decrease in emissions. Mechanism like Joint 

Implementation of Clean Development Mechanism of the Kjoto Protocol are used as they are valit until 2012. There should be similar mechanism implemented after the year 2012.

Concrete targets for the year 2020 with regard to the year 2005 are:

1) Triple the share of renewables on the CEZ electricity production, that means an increase 

from 1,7 Twh annually to 5,1 Twh annually.

2) Decrease GHG emissions instensity of the group CEZ by 15%, that means to lower the total 

emission factor from 0,55t/MWh to 0,47t/MWh

3) Constribute to fulfill the national target of the Czech Republic to decrease the energy 

demand factor by 23 Twh annually.

4) Contribute to the realization of the projects focused on the decrease in GHG emissions out 

of the Czech Republic through the form of ,,carbon financing“ in the total volume of at least 30 million tonnes of CO2 equivalence of the realised savings.

As it is obvious from the above mentioned plan, the application of CCS is larger volumes is not planned. Specifically, the investment flowing into the CCS is to support the research, but not  to cause larger application.

Potential of CCS in the Czech Republic

Considering the investment into CCS, the government should firstly consider, what is the potential in the Czech Republic we can reach.

According to the limits set by Czech government, there is about 960 mil. Tonnes exploitable in the Czech Republic, without limits there is additional 1,2 billion tonnes of coal exploitable. Even though the total coal reserves estimated for the Czech Republic equal roughly 8,5 billion tonnes, the exploation of almost three quarters is not profitable with expected short-term prices and areas with these reserves are situated in localities that do not come into question these days (as under larger cities, e.g. Litvínov). The structure of the coal reserves is following:

· black coal: 37%

· brown coal: 60%

· lignit: 3%

The annual production of coal in the Czech Republic is about 60 million tonnes. According to the official document Státní energetická koncepce ČR (2004), this number will drop by almost 50% on 32 mil. tonnes per year by 2050. Surely there will be a coal to exploit by 2100. But by the time the CCS could be put into mass application (2040-2050) - without a radical increase in coal prices (in order to pay off significant losses like people moving from e.g. larger cities) – about 1,6 billion tonnes of coal (three quarters of current exploitable reserves) will have been exploited at this time.

Proportionally, most of the carbon dioxide captured in the Czech Republic within the scenario of immediate application of CCS would occur under the „infant“ prices – these are very high costs that need subsidies. If we suppose CCS would get competitive compared to other sources of energy in 2050, there is a very limited potential equal 600 million tonnes (two decades of usage at the annual).

There is undoubtedly a great potential in world with USA reserves amounting to 250 billion tonnes, Russia 157 billion tonnes, China 110 billion and India 92 billion. A nice illustration of the world storage and flows of carbon was done in The global carbon cycle for 1990.

[image: image3.emf]Picture 3: The global carbon cycle for 1990s shows the main annual fluxes in GtC/year: pre-industrial „natural“ fluxes are depicted in black and the „antropogenous“ fluxes are 

 depicted in red. (10)

To conclude, to invest heavily into CCS for the Czech Republic might not be economically optimal solution for reducing our national carbon emissions, as the potential for reduction is significantly limited. Czech Republic would probably have comparative advantage in using other sources of energy and thus might invest differently.

Only at the stage where we consider the investment as a developing a technology that will be offered primarily to other countries reducing their emissions, then the potential for reduction is enormous and the initial heavy investments seem to become compensated by application in large volumes. 

The implication for the political leaders and business representatives is then to indentify the situation correctly and state clearly that these public spendings will reduce carbon emissions, but not dramatically and for a long term in a country like Czech Republic. 

CO2 Abatement Curve for the Czech Republic

McKinsey & Company, Inc. Set up an abatement curve for the Czech Republic in 2008. The abatement cost curve represents the combined potential of over a hundred emissions reduction levers, ranked according to their costs. These costs used in the study  are determined using following methodology:

1) Construction of reference case baseline for emissions through 2030 – these are emissions 

forecasts under current trends with no additional efforts made to address climate change.

2)  Assessment of potential reduction opportunities and their costs – at this step, wide range of available technologies is considered and individual cost of technologies are assigned to them. However, the cost abatement curve does not consider any significant future breakthroughs or any lever that would require significant change of lifestyle. The cost of implementing CCS after 2030 is estimated approximately 44 to 57 EUR per tonne.

3) Individual measures are ordered to form the Czech greenhouse gas abatement curve.

The findings generally correspond to the global abatement curve except several specifications Czech Republic has. One of them is a free interspace for decisions about future fuel mix. As a significant number of coal power plants are planned to quit in a decade, any decision in favour of the orientation on only a one source of energy means a dramatic distortion of our data. 

Therefore, the cost abatement curve is constructed in two likely scenarios, maximum gas  and maximum nuclear. The expected halfway solution can be easily gained by combination of these two scenarious.

Enclosure 1 and 2 at the end of the paper depict abatement curves in both scenarios. On the horizontal x-axis there are the CO2 reduction potential of levers expressed in the CO2 equivalent (1 tonne of CH4 its is 21 tonnes of CO2, 1 tonne of N20 is 310 tonnes of CO2).The vertical axis indicates the cost of individual measures.   

To derive the conclusions, the both curves show us clearly that the cheapest way of reducing our emissions include insulating buildings, using LED and compact fluorescent lights and driving more energy-efficient cars. Moreover, with realizing these measures, we would gain a net financial benefit. In other words, to reach the Low reduction target is economical even in medium-term with no regard to the climate change as the energy savings can more then offset the cost of implementation.

Secondly, the comparison of the curves indicates, that a decision about out future fuel mix that is being done right now will significantly determining following steps in the GHG  reduction.

If the representatives of the Czech Republic decide for gas and want to reach the High reduction target, there would a need to use CCS for coal, gas, cement and steel industry. On the other hand, nuclear scenario offers fulfilling the High reduction scenario without application of CCS. In the later scenario, the lower costs are evident.

Concerning the cost of nuclear energy, there are surely things to be discussed as liability, obligatory insurance and hidden subsidies. However, the these themes are out of the range of our study.

Last but not least it is interesting to highlight where biofuels, wind and solar energy are placed and with what cost.

Problems of realization:

· Discounting: Consumers require households investment to have a short, two- or three-year periods, implying a discount rate of nearly 40 percent. Lack of investment funds also plays role.

· Agency issues: The owner, occupant and bill payer (i.e.benefit capturer) of a building may be seperate entities and may not have the same interest in supporting energy efficiency and GHG abatement.

· Lack of information: Although energy labeling is mandatory on appliances, lack of information still leads to inefficiencies. Wrong technical solutions, design, improper instalation or maintanance are to blame.

Depending on the successful implementation of the levers (choice of power mix, success of CCS), the overall cost to Czech society of achieving significant emissions reduction may be as low as zero or as high as 2.3 billion EUR per year.

Justifiable public expenditures: CCS and EU ETS

European Emission trading scheme (EU ETS) is a very effective tool of cutting the carbon emissions. After EU officials arbitrarily determine the sum of carbon emissions for the next phase, this tools creates a price for emitting the carbon and let the market itself decide what is the cheapest way of reducing the emissions and who should do it. Important advantage is that is constantly encourage innovation as every reasonable investment leading to decrease in prices simply pays off.

It is predicted that in the next phases of EU ETS the limits for CO2 will be significantly down, which will higher the price for carbon. According to the estimates, there is a need for price of 40EUR/tonne for the CCS to become profitable. 

However, viewed economically, if the subjects on the market do not invest into CCS, it means that the market knows better, how to reduce emissions. Reasonably, politicians can then subsidize the technology only until the price reaches 40EUR/tonne (expected constantly during the Phase III) with the explanation that they are just saving the time (and planet) before the price rises. 

Setting carbon limits for the PHASE III is therefore crucial, as it will determine the price of the carbon emitted and as it can make CCS competitive. Again in other words, if there is an agreement that such a limit is fine for next 7 years and the carbon price is then low, it is a clear signal that we do not need CCS. However, since the beginning of the new phase (already 2013) and subsequent price making it competitive, there should not be any other subsidies from the public money.

The only valid argument for further subsidies is, whether the additional sum of the money invested will drop the price of CCS on such a level, that other countries like India and China will use the technology and the profit from this action exceeds the costs. In other words, whether the voters want to spend their money to develop the technology affordable also for other countries like China or India. Reasonable voters can consider this explanation, but they should not accept any other as other reasons only aim to distort the market.

Conclusions

Potential of the CCS 

As majority of the world electricity production comes from coal, fulfilling the conditions of CCS technology (as competitive price, preventing leakage, solving liability) would mean to reach enormous potential in cutting our emissions. China will probably never join ETS if technology like CCS is not ready. 

However, to talk about CCS in the sense of cutting our emissions has its borders. Mainly, as reveals the calculation based on the likely future production of coal, the potential of the CCS in large volumes in the time after 2050 is limited as Czech Republic will be able to produce coal
 at current pace not longer than two decades.

Czech CO2 abatement curve

Looking at the choices we will presumably have in 2030 for reducing our emissions, the cheapest way for reaching the Low reduction target are energy savings. Moreover, the measures that should be applied cost less than the benefit they bring and thus it is perfectly rational to carry them out. However, the are some obstacles like high discounting of consumers or ineffective responsibilities when building a new house that need to be addressed.

Secondly, the case of the Czech Republic clearly states that the decision about our future fuel mix which has to be made in several years at latest will strongly determine the way we will reduce our emissions in future. 

Justifiable public expenditures

How long should voters believe that the investment put into CCS are really needed to protect our environment? Having an EU ETS means that the market always finds the cheapest way of reducing carbon. The most important part is to set the limits for emitting CO2, because then the market will solve it. However, as soon as the price for carbon surpass the price for CCS (which might happen already after setting the limits for the next phase), there should be no other subsidies from government side. 

The only justifiable reason for further public investment is reaching great economies of scale and pushing the price down for other states like China in exchange for their participation in the system.
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Enclosure 1: Abatement cost curve: maximum gas
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[image: image5.emf]Enclosure 2: Abatement cost curve: maximum nuclear
�	 This assumption is correct without serial multiplication of the price of coal, that would enable to produce them even in very problematic areas like under larger cities.








