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Abstract 

The future of energy from coal is analysed in this article from the perspective of current 
limitations concerning environmental protection requirements and especially the task of 
decreasing carbon dioxide emission as the most important greenhouse gas. Technologies are 
described which have the perspective to enable further continuous and sustainable use of 
coal in power production plants with acceptable environmental impacts. Recent results are 
reviewed, which are reached with improved operating parameters (pressure, temperature) 
and advanced technologies (carbon capture and storage, circulating fluidised bed 
combustion, integrated gasification combined cycle). These improvements are compared 
considering their advantages and disadvantages as well as further research and 
development works that is needed. Finally, conclusions are proposed, which are derived 
from the presented discussion. 
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1 Introduction 

Coal is today a very important source of energy with the greatest share in the world power 
production (over 42 %) [1], but in the same time with great limitations due to requests of 
unavoidable environmental protection conditions. Because of this reason, it has to be used 
with the greatest efficiency and with the application of the best available technology (BAT) 
to satisfy principles of the sustainability. From such points of view, an analysis is presented 
here concerning present and future role of coal in the world's energy system and particularly 
in the electricity generation. 
Beside emissions of sulphur oxides (SOx), nitrogen oxides (NOx) and particulates, the 
electricity production from coal is burdened strongly with greenhouse gases and particularly 
carbon dioxide (CO2) emissions. Some estimations show that over 28 % of global CO2 
emissions, are a result of human activities, i.e. coal-fired power plants operation. 
The CO2 capture and storage (CCS) technology, as today’s developing technology, offers a 
solution for the reduction of greenhouse emissions, but with pretty high costs. Namely, the 
additional energy consumption for CO2 capture, transport, compression and storage requires 
approx. 25% more fuel per unit of supplied electricity, what reduces significantly the overall 
efficiency of power generation. Today’s CCS technology offers the reduction of CO2 emission 
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by approx. 90 %, but with the decreased overall plant efficiency for approx. 10 percent-
points. It means that the introduction of CCS technology into a today's power plant, 
operating with the efficiency of 40 %, would lead to the decreased CO2 emission by 90%, but 
in the same time with the reduced power plant efficiency to approx. 30%. 
Typically, the average CO2 emission, depending on coal quality and plant efficiency, for 
conventional coal fired power plants varies between 600 and 900 kgCO2/MWhe (Fig.1), i.e.: 
 

- approx. 900 kgCO2/MWhe produce coal power plans with subcritical operating 
parameters and with the efficiency 35-38%; 

- approx. 760 kgCO2/MWhe produce modern coal power plants with supercritical 
operating parameters and with the efficiency 42-45% 

- approx. 670 kgCO2/MWhe refers to ultra-supercritical power plants, currently still 
developing, with the estimated efficiency approx. 50% 

 

 

 
 

Figure 1: Development of coal power plants with reduced CO2 emissions 

 

2 Development of “clean” coal technologies 

The development of sustainable “clean” coal technology in electricity generation is directed 
toward following main sections: 

1. Development of coal-based power plants with supercritical (SC) and ultra-
supercritical (USC) operating parameters; 

2. Development of coal based, high-capacity power plants with circulating fluidized bed 
combustion (CFBC); 
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3. Development of coal-based, integrated gasification combined cycle (IGCC) power 
plants; 

4. Development of systems for CO2 capture and storage (CCS); 

5. Development of combustion systems for co-firing of biomass with coal 

2.1 Development of coal-based power plants with SC and USC operating 
parameters 

Following to the well-known fact that increased live steam pressure and temperature lead to 
an increased efficiency of power plants, the continuous development tendency in new 
power plants is to increase steam operating parameters as high as properties of materials 
allow under economically justifiable conditions. Most of power plants, built before the end 
of the last century, are designed to operate with subcritical parameters of live steam, i.e. 
with pressure from 150 to 180 bar and temperature of superheated and reheated steam 
between 540 and 560 °C. Such working parameters enable to achieve the net efficiency of 
electricity generation from 35 to 38 %. 
Today’s metallurgic development of special high-temperature alloyed steels enables to 
introduce SC working parameters of steam, i.e. pressure from 230 to 250 bar and 
temperature of superheated and reheated steam from 540 to 570 °C. The rise of efficiency 
from 4 to 7 percent-points becomes potential with such a transition from subcritical to 
supercritical parameters, depending on operating parameters and fuel quality. Further 
research and development efforts are directed toward increasing of pressure over 300 bar 
and temperature over 600 to 700 °C, entering thus in the field of USC plants. 
The technology with SC parameters has become usual for new coal-based power plants in 
industrially developed countries. In accordance to presented data in Table 1, such SC power 
plants exist in eighteen countries with further tendency to increase their number, capacity 
and share in power generation [2]. Capacities of these power plants mainly surpass 500 
MWe and often reach 1000 MWe. Analyses indicate that the transition from existing 
subcritical to USC plants would reduce the fuel consumption and in the same time total 
emissions by 25 to 30 %. 
It should be mentioned here that the introduction of SC parameters in power plants is 
accompanied with problems concerning primarily with the endurance and costs of materials. 
Experiences show that technical and technological problems are mainly overcome thanking 
to the development of high-temperature alloyed steels which have to be used for critical 
parts of steam generators (superheaters, reheaters), turbines (inlet parts) and steam 
pipelines. Higher costs for advanced technology are justifiable by increased prices of energy 
and by requirements of environmental protection. 

It can be concluded easily that the key solution and in the same time the main restriction for 
further efficiency increase of power plants depends on the development of materials 
resistant in high-temperature operating conditions. High-temperature resistant materials 
should satisfy following major properties [3]:  

- high yield and tensile strength, 

- high creep rupture strength at elevated temperatures, 

- high ductility and toughness, 

- good weld-ability, 
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- high thermal conductivity, 

- low thermal expansion, 

- resistance to high-temperature oxidation and high-temperature corrosion. 

Significant progresses are achieved in this field with the new generation of ferritic-
martensitic steels (9-12 % Cr) which are, compared to known austenitic materials, easily 
welded, tend less to the intercrystaline stress corrosion, have higher thermal conductivity 
and lower thermal expansion [3], what is very important for the flexible mode of plant 
operation, where often start-stop and load variations are present. Besides, these materials 
can meet high-temperature duties at lower prices comparing to austenitic materials. 

For live steam temperature from 570 to 600 °C (wall temperature up to 650 °C) and pressure 
from 180 to 230 bar, the ferritic-martensitic alloy steel, known as P91 (X10CrMoVNb9-1), has 
been successfully used within the period of last two decades [4]. The alloying with 9% 
chromium (Cr) improves high temperature strength and high-temperature oxidation 
resistance, while an addition of 1% molybdenum (Mo) increases creep strength properties. 

For pressure parts, where maximum pressures reach 320 bar and material temperatures up 
to 660 °C, special austenitic materials have to be used to meet the high creep strength and 
resistance against the high-temperature corrosion on the flue gas side as the high-
temperature oxidation on the steam side. 

Table 1: Main ultra-supercritical (USC) power plants in the world [2] 

Country Name Year Capacity Remark 

Australia Kogan Creek 2007. 750 MWe  

Canada Genesee Unit 3 2005. 450 MWe  

China 
Waigaoqiao 2008. 2x1000 MWe  

Yuhuan 2008. 2x1000 MWe  

Russia 

Berezovskya 2011. 800 MWe  

Novocherkasskaya 2012. 230 MWe Circ. fluid. bed  

Petrovskaya 2012. 3x800 MWe  

India 
Sipat 2009. 3x660 MWe  

Barh 2009.  3x660 MWe  

Japan Isogo 1 & 2 2019. 2x600 MWe  

Germany 

Niederaussem K. 2003. 1000 MWe Lignite fired 

Walsum 2010. 750 MWe  

Neurath 2011. 2x1100 MWe Lignite fired 

Hamm 2012. 2x800 MWe  

USA Oak Grove, Texas 2009. 800 MWe  
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Oak Grove, Texas 2010. 800 MWe  

Poland 
Lagisza 2009. 460 MWe Circ. fluid. bed.  

Belchatow 2010. 833 MWe  

Italy 
Torrevaldaliga Nord 2010. 3x660 MWe  

Planned  2015. 3x660 MWe  

Korea 

Tangjin 2006. 2x519 MWe  

  2010. 5x500 MWe  

 2010. 2x870 MWe  

Mexico Pacifico 2010. 700 MWe  

Netherlands Eemshaven 2013. 2x800 MWe  

South Africa Operational 2016. 6x800 MWe  

 

2.2 Development of coal-based, high-capacity power plants with the 
circulating fluidised bed combustion (CFBC) 

The fluidised bed technology is generally a well-known principle. It has been used widely 
during past decades for process reactors in petroleum and chemical industries. Increased 
energy prices and environmental protection requirements brought much attention to the 
development of fluidised bed technology in coal combustion systems, because this process 
has a potential to burn efficiently a wide variety of lower-grade and lower-price fuels. 
The basic scheme of steam generator with CFBC is presented on Fig. 2. The CFBC has a 
potential to become an efficient alternative for pulverised coal combustion (PCC) in power 
generation plants, offering several benefits: 
 

- Reduced emissions of SO2 without the use of flue gas desulphurization system; This effect 

is since the main part of Sulphur from the coal is captured by limestone (CaCO3) added 

into the furnace with CFBC. The reduction of SO2 emission from 90 to 95 % can be 

obtained by this way. 

-  Reduced emissions of NOx without the use of additives or flue gas treatment system; 

This effect is obtainable since the combustion temperature in the furnace operating with 

CFBC (800 to 900 °C) is significantly lower than in the conventional boiler with PCC (1200 

to 1400 °C), what is the main influencing factor in the reduction of NOx formation during 

the combustion process. 

- Simpler fuel handling and feeding system with lower energy consumption, because less 

energy is required for the coal crushing and for the combustion residue handling. 

- Higher heat transfer coefficient in the furnace because of conduction effects of flying 

particles in the fluidized bed, which increases the total heat transfer rate.  
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Figure 2: Basic scheme of a steam generator with CFB combustion 

The CFBC technology is still evolving toward the use for higher capacity (over 300 MWe) in 
power generating units and in the adoption of supercritical steam cycles to increase the 
efficiency. Besides, the CFBC technology has a potential to be adapted for so-called oxy-firing 
as a mode of efficient solving CO2 sequestration. 
Further R&D efforts are directed toward the use of CFBC technology by firing coal in pure 
oxygen (oxy-fuel CFBC) instead in air, what would produce exhaust flue gas with high purity 
CO2, ready for the capture with low energy use. This presents a promising technology in 
developing commercial solutions for CCS. 
In 2009, first supercritical and the largest coal-fired 460 MWe CFBC power plant has been 
successfully commissioned in Lagisza (Poland). More coal-fired supercritical CFBC power 
plants, with unit sizes over 500 MWe, are under construction or being commissioned in 
South Corea and China. Today, supercritical CFBC boilers are commercially available for 
power plants up to 800 MWe [5]. 
Few main arguments for choosing CFBC technology in Lagisza power plant are listed and 
described here [6]:  

1. Total investment costs for CFBC plant have been lower in comparison to the 
alternative conventional solutions. Namely, the installation of wet desulfurization and 
selective catalytic reduction (SCR) systems, that are essential for PCC, have been avoided 
and emission requirements are still fulfilled. 

2. The net plant efficiency, using CFBC technology and advance flue gas recovery system, 
shows to be approximately 0,3 percent-points better than the PCC solution with similar heat 
recovery system. 
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3. The CFBC system provides a wider fuel flexibility with the possibility to use fuels of 
various qualities. 
The calculated net plant efficiency for Lagisza CFB plant has been 43,3 %. 
Flue gas emissions fulfil environmental requirements according to the EU directive for large 
combustion plants (Table 2). 

Table 2: Emission limits according to EU directive for large combustion plants 

 

Emission in dry flue gas at 6% O2 (mg/mn3) 

SO2 200 

NOX 200 

Particulates 30 

 
The emission of sulphur dioxide (SO2) is controlled by limestone feeding directly into the 
furnace, what enables sulphur reduction by 94 %. 
The emission of nitrogen oxide (NOx) is controlled with the low combustion temperature in 
the furnace (850 to 900 °C) and with the staged combustion. The ammonia injection system 
(SNCR) is provided also for additional NOx reduction in case of necessity. 
The particulates emission is efficiently controlled by the electrostatic precipitator. 

2.3 Development of coal-based, integrated gasification combined-cycle 
plants for power generation 

The integrated gasification combined-cycle (IGCC) presents a combination of two basic 
energy technologies, i.e. coal gasification and combined-cycle process intended to produce 
power from coal in a very efficient and environmental friendly way. The coal gasification 
uses to produce clean-burning gas, so called syn-gas, while the combined-cycle process 
enables to convert heat energy to electric power by the most efficient way, where Clausius-
Rankine and Joule-Brayton cycle processes are combined.  
Clean gas (syn-gas), consisting mainly of carbon monoxide (CO) and hydrogen (H2), is 
produced in the coal gasification section by partial oxidation, followed by clean-up process 
and then it is burned inside the gas turbine section, generating electricity in the topping 
(higher) cycle. The exhaust heat from the gas turbine is recovered in the utilisation system to 
produce steam which is then used to generate additional electricity in the bottoming (lower) 
cycle. By this way, low-quality and low-cost coal is enabled to be used to generate power in a 
very efficient combined-cycle process. The basic scheme of an IGCC system is presented on 
Fig. 3.  
The air separation unit is required in this plant to produce pure oxygen needed in the for 
gasification reactor where coal, oxygen and steam are converted into syn-gas. Nitrogen from 
the air separation unit is used to dilute syn-gas, limiting thus the peak flame temperature 
and reducing NOx emission. Some main data are listed in Table 3, referring to six coal-based 
IGCC plants operating from 2001. 
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Figure 3: Basic scheme of IGCC system 

Table 3: Main data of coal-based IGCC plants currently in operation [2],[7] 

State Netherland USA USA Czech 
Rep. 

Spain Japan 

Power plant Buggemun Wabash 
River 

Tampa SUV 
/EGT 

Puertollano Nakoso 

Operation 1994. 1995. 1996. 1996. 1997. 2007. 

Gasifier type Shell E-gas Texaco Lurghi Prenflo MHI 

Coal feed Dry Slurry Slurry Dry  Dry Dry 

Oxidant Oxygen Oxygen Oxygen Oxygen Oxygen Air 

Capacity of gas 
turbine 

156 MWe 198 
MWe 

192 
MWe 

- 190 MWe 124 
MWe 

Turbine inlet temp. 1105 0C 1260 0C 1260 0C - 1200 0C 1200 0C 

Net power 253 MWe 265 
MWe 

250 
MWe 

350 
MWe 

300 MWe 219 
MWe 

Net efficiency, 43 % 40 % % 42 % - 43 % 42 % 
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(LHV)  

Desulphurization 98 % 99 % 96 % - 99 % - 

SO2 emission 48 mg/mN
3 40 

mg/mN
3 

140 
mg/mN

3 
- 25 mg/mN

3 - 

NOx emission 135 
mg/mN

3 
142 

mg/mN
3 

190 
mg/mN

3 
- 150 

mg/mN
3 

- 

 

A number of other coal-based IGCC plants are under consideration or construction over the 
world, mainly in China and United States. 
Main advantages of coal-based IGCC plants are: 
- Improvements in efficiency, which approaches currently the target of 50 %, result in less 
coal consumed and adequate lower rates of carbon dioxide (CO2) emissions in comparison to 
conventional coal power plants; 
- Less volume of solid wastes comparing to conventional coal power plants; 
- Less use of water comparing to conventional coal power plants; 
- Suitable for the incorporation of CCS technology; 
- The carbon capture is easier and costs are less than in conventional pulverised coal plants; 
- Over 95 % of SO2 can be removed, thus exceeding values of the most advanced coal-fired 
power plants; 
- NOx emissions can be controlled efficiently by diluting syn-gas with nitrogen (N2) from the 
air separation unit. 
IGCC technology has few major disadvantages, which have to be taken into considerations 
by decision makers [7]: 
- Higher investment costs. Comparing to USC pulverised coal plants, an IGCC coal-based 
plant requires 6 to 10 % higher investment costs; 
- Lower reliability / availability. Although the availability of IGCC plants has increased 
significantly in recent years, reaching aprox. 80 %, it is still poorer than for conventional coal-
based plants. The reliability is considered as one of the most important obstacles for IGCC 
plants. 
- Relatively long construction period and insufficient operating experiences.  
Beside the described advantages, additional R&D efforts have to be done to make IGCC 
plants more perceived and easier acceptable for a wider application [7]: 
- Increasing of availability and reliability for various types of coals; 
- Development of the gasifier reactor for low-grade coals; 
- Improvements of feeding systems for high-moisture, low-grade coals; 
- Improvement of gas turbines, used in coal-fired IGCC plants, for burning fuel-gas (syn-gas) 
containing high concentration of hydrogen;  
- Development of IGCC plants integrated with the CO2 capture system. 
A number of other coal-based IGCC plants are under consideration or construction over the 
world, mainly in China and United States. 
Main advantages of coal-based IGCC plants are: 
- Improvements in efficiency, which approaches currently the target of 50 %, result in less 
coal consumed and adequate lower rates of carbon dioxide (CO2) emissions in comparison to 
conventional coal power plants; 
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- Less volume of solid wastes comparing to conventional coal power plants; 
- Less use of water comparing to conventional coal power plants; 
- Suitable for the incorporation of CCS technology; 
- The carbon capture is easier and costs are less than in conventional pulverised coal plants; 
- Over 95 % of SO2 can be removed, thus exceeding values of the most advanced coal-fired 
power plants; 
- NOx emissions can be controlled efficiently by diluting syn-gas with nitrogen (N2) from the 
air separation unit. 
IGCC technology has few major disadvantages which have to be taken into considerations by 
decision makers [7]: 
- Higher investment costs. Comparing to USC pulverised coal plants, an IGCC coal-based 
plant requires 6 to 10 % higher investment costs; 
- Lower reliability / availability. Although the availability of IGCC plants has increased 
significantly in recent years, reaching abt. 80 %, it is still poorer than for conventional coal-
based plants. The reliability is considered as one of the most important obstacles for IGCC 
plants. 
- Relatively long construction period and insufficient operating experiences.  
Beside the described advantages, additional R&D efforts have to be done to make IGCC 
plants more perceived and easier acceptable for a wider application [7]: 
- Increasing of availability and reliability for various types of coals; 
- Development of the gasifier reactor for low-grade coals; 
- Improvements of feeding systems for high-moisture, low-grade coals; 
- Improvement of gas turbines, used in coal-fired IGCC plants, for burning fuel-gas (syn-gas) 
containing high concentration of hydrogen;  
- Development of IGCC plants integrated with the CO2 capture system. 

 

2.4 Development of systems for carbon dioxide capture and storage 

The carbon dioxide capture and storage (CCS) presents associated technologies and 
techniques that enable the capture of CO₂ from flue gas, its compression and transport via 
pipelines or ships, than storage and monitoring in underground geologic formations such as 
exhausted oil or gas fields, deep saline formations, or underwater in deep sea regions. The 
CCS system is a great consumer of energy needed for CO2 sequestration, absorbent 
regeneration, CO2 compression and transport, which makes it economically justifiable (or 
viable) only for plants with the highest capacity and with the best efficiency. 
Two main principles are under research and development efforts at present to reduce CO2 
emissions with the aim to make them technically available and commercially acceptable for 
new and retrofitted coal-based power plants: 
1. The system based on the use of chemical solvents for the post-combustion capture of CO2 
from flue gas; 

2. The system based on the oxy-fuel technology where coal burns in streams of oxygen and 
flue gas that recirculates into the furnace, instead in the stream of air. 
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2.4.1 System based on the use of chemical solvents for CO2 capture 

The basic scheme of CO2 capture from flue gas by chemical solvents is presented on Fig. 4. 
The chemical solvent, used for CO2 absorption, needs to be regenerated, what requires a lot 
energy consumption resulting in the loss of efficiency up to 10 percent-points. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Scheme of CCS system with chemical solvent 

 

The post-combustion CO2 capture in conventional coal combustion systems presents several 
technical challenges. Namely, the flue gas is at atmospheric pressure and CO2 concentration 
is 10-15 % vol., what results in a low CO2 partial pressure and a large volume of gas to be 
treated. These facts make great technical difficulties. 
Chemical processes for CO2 separating, such as amine-based scrubbing with aqueous 
monoethanolamide (MEA) solution, are capable to achieve high levels of CO2 capture as 90 
%, even more, thanks to fast kinetics and intensive chemical reactions. Such processes 
require significant amounts of energy in form of low-pressure steam for heating and 
stripping needed for solvent regeneration [8].  
Further R&D works are needed for CCS systems that are based on chemical solvents to 
obtain following: 
- Improvement of efficient solvents easy for regeneration with minimum reagent loss; 
- Decreasing of energy consumption for regeneration of chemical solvents to be reused; 
- Development of new absorption systems based on the membrane technology. 
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2.4.2 System based on the oxy-fuel combustion 

The oxy-fuel combustion means burning of coal in oxygen instead in air, what produces a 
highly concentrated flue gas stream consisting mainly of CO2 hence making it possible to be 
captured easily and with lower costs than in conventional plants. Such a technology needs 
the system for air separation to produce oxygen and the system for flue gas recirculation to 
control the combustion temperature. 
By flue gas recycling a gas is generated consisting mainly of CO2 and water vapour. The 
concentrated stream of CO2, diluted with H2O, becomes ready for CO2 capture by 
condensing water vapour. The recycled flue gas controls the flame temperature in the 
furnace and also compensates missing nitrogen (N2), ensuring thereby enough gas to carry 
heat through the steam boiler. 
The oxy-fuel technology is being developed and intended primarily for CO2 capture and in 
principle it can be applied to both, PCC and CFBC units. A number of projects with oxy-fuel 
technology has been undertaken or proposed in USA, Germany, UK, Spain and Australia, 
which will provide invaluable technical information for its further development and 
implementation in larger-scale power plants. Here are main topics which should be revealed 
clearly by R&D concerning the oxy-fuel technology [2]:  
- Identification of the optimum oxygen excess for combustion; 
- Behaviour of coal during the combustion in atmosphere consisting of CO2, H2O, O2, i.e. 
without N2; 
- Formation mechanisms of pollutants (NOx, SO2, CO, particles);  
- Optimum mixture of oxygen with recycled flue gas; 
- Effects of flue gas composition on heat transfer, especially by radiation. Namely, higher 
concentrations of CO2 and H2O in furnace gases result in higher gas emissivity; 
- Optimum temperature level for flue gas recirculation; 
- Fouling and corrosion in an oxy-fuel environment. 
The basic scheme of a power plant with the oxy-fuel combustion is presented on Fig. 5. 

 



Proceeding of the 7th International Conference & Workshop REMOO-2017 
“ENERGY FOR TOMORROW” 10–12 May 2017, VENICE / ITALY 

REMOO–2017 nnn.13 

Figure 5: Basic scheme of a power plant with oxy-fuel combustion 

2.5 Co-firing of biomass with coal 

The biomass like waste wood, bark, chips and straw represents an energy potential when 
used in co-firing with the coal, reducing by this way the consumption of primary fuel (coal) 
and subsequently CO2 emissions. Namely, the combustion of biomass is considered neutral 
from the standpoint of CO2 production because CO2 is consumed from the environment 
during the biomass formation, what compensates the quantity of CO2 produced during the 
combustion. Experiences have shown that it is possible to co-fire up to 10 % of biomass 
without noxious effects and expensive retrofitting modifications.   
Current research is in progress with the aim to raise level of biomass co-firing up to 50 % [9]. 
The co-firing of biomass with coal can be considered as a possible contribution in reduction 
of CO2 emission from coal-based power plants. 

3 CONCLUSIONS 

Coal is a very important source of energy today with the greatest share in the world’s 
electricity production, but in the same time with great limitations due to requests of 
environmental protection. In past years, “clean” coal technologies were focused upon 
reducing emissions of SOX, NOx and particles, what are efficiently solved by developing of 
known technologies, while today’s attentions are increasingly directed toward the reduction 
of CO2 emissions. The further perspective of electricity production from coal-based power 
plants is challenged by growing concerns due to anthropogenic emissions of CO2 and its 
contribution to global climate changes. 
The first step toward the reduction of emissions by flue gas, applied broadly today, is 
building of power plants operating with supercritical and ultra-supercritical parameters, 
enabling thus higher energy efficiency and consequently lower use of fuel per unit of 
produced power. Typical sub-critical operating parameters of steam power plants are 
pressures from 150 to 180 bar and temperatures of live steam from 540 to 560 °C. Typical 
pressures for supercritical steam power plants are from 240 to 250 bar and temperatures 
from 540 to 570 °C, while ultra-supercritical parameters include superheated and reheated 
steam temperatures around 600 °C and pressures to 300 bar, at present. The switch from 
sub-critical to current ultra-supercritical operating parameters gives an increase of the 
efficiency by 4 to 6 percent- points. 
3. There is a marked increase of interest for building power plants based on circulating 
fluidised bed combustion technology during recent years. The first ultra-supercritical CFBC 
power plant (460 MWe, 282 bar, 582 °C) has been built in Poland (Lagisza). The interest for 
CFBC is primarily because of following major advantages: 
- CFBC tolerates a wide variety of coal quality and particle sizes, what reduces the price of 
used fuel and costs for its crushing.  
- Because of lower furnace temperature (850 to 900 °C) and staged combustion, such plants 
produce lower level of NOx comparing to conventional pulverised-coal plants. 
- Lower furnace temperatures are suitable for in-situ capture of sulphur dioxide (SO2), what 
reduces considerably investment costs for the flue gas desulphurisation system.  
4. IGCC is a promising energy technology for an efficient and environmental friendly use of 
coal to produce electricity, but investment costs, insufficient operational experiences and 
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lack of references are still a barrier for wider commercialisation of such plants. Further 
researches have to be made to integrate CCS system into IGCC plants. 
5. Significant economic and energy penalties, associated with CO2 capture technologies, 
require further improvements in both costs and energy efficiency, to ensure that these 
technologies become sustainable and economically acceptable. The estimated efficiency 
penalty of power production with incorporated CCS system is about 20 to 30 %, at present. 
The first commercial CCS system for a large power generation application is presently a 
project called Boundary Dam in Saskatchewan, Canada. Its net power capacity is 110 MW 
after CO2 capture retrofit. Many large-scale projects are currently at various stages of 
development worldwide.  
6. The coal will continue to be a very important energy resource in the world, especially in 
power generation, great concerns are rising regarding its sustainability and environmental 
effects. Despite these limitations, the coal technology continues to advance striving to 
increase efficiency and to reduce environmental impacts.  
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