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General Studies – 3  Topic: Infrastructure: Energy; Science and Technology- developments 
and their applications and effects in everyday life  

Ultra-Supercritical Coal-fired Power Plant (USC) 

1) Introduction 

 Environment friendly and economical power generation is of paramount importance to cope with 
the challenges imposed by an increasing demand of energy throughout the world. 

 Larger CO2 emissions increase the need for more efficient coal-based power generation.  

 Ultra-Supercritical Coal-fired Power Plants meet notably the requirements for high efficiencies to 
reduce both fuel costs and emissions as well as for a reliable supply of electrical energy at low cost.  

2) Background 

 India has set a renewable energy capacity target of 175 gig watts (GW) by 2022, but has maintained 
that coal will continue to play a leading role in the energy basket as it is abundantly available in the 
country 

 At present, about 60% of the country’s over 307 GW of power generation capacity is based on coal. 

3) Advantages 

 high-end coal-based power plants using advanced technology will be as environmentally friendly as 
a renewable power project of similar investments 

 Help in achieving India’s goal of reducing carbon emissions and supplying affordable electricity to 
nearly 237 million people with no access to power   

 Compared to an older inefficient coal-based power plant, a new high-end ultra-supercritical coal-
fired power plant can bring significant emission reduction at about 20-30%  

  helps in lowering the use of fuel over the life of the plant and in recovering the extra cost 

 USC technology requires less fuel than other coal-fired processes to produce the same amount of 
electricity 

 Reduce fuel requirements also mean: Reduced emissions of sulphur dioxide (SO2), nitrogen 
oxide(NOx), mercury(Hg), carbon dioxide(CO2) and particulate (PM-10) 

 Reduced production of solid waste products such as fly ash 

4) International examples 

 German coal-fired power plant has an electrical efficiency of nearly 46%while meeting stringent 
German environmental requirements, making it the cleanest hard coal-fired power plant in Europe. 

 first USC plant built in the U.S reigns as the country’s most efficient coal-fired power plant with an 
electrical efficiency of 40% 

 Isogo Thermal Power Station, Japan is ranked the cleanest coal-fired power plant in the world in 
terms of emissions intensity. 

5) Alternative to Renewable Energy 

 high-end coal-based power plants are alternative to renewable energy projects which are less 
reliable and have huge additional costs 

 They produce about four times more power than renewable power  

 solar and wind power projects are intermittent due to weather conditions, these sources of energy 
need systems to manage this unpredictability, which will add to the actual cost of power 
generation. 
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 Solar power will help in emission reduction, but generates a lot less electricity at the same level of 
investments 

6) How it is different from Conventional coal fired power plant? 

 Conventional coal-fired power plants, which make water boil to generate steam that activates a 
turbine, have efficiency of about 32%. 

 Ultra-supercritical (USC) power plants operate at temperatures and pressures above the critical 
point of water, where the liquid and gas phases of water co-exist in equilibrium. 

 This results in higher efficiencies – above 45%. 

 Ultra -supercritical (USC) power plants require less coal per megawatt-hour, leading to lower 
emissions (including carbon dioxide and mercury), higher efficiency and lower fuel costs per 
megawatt. 

7) The future of this technology 

 With USC well established, R&D is underway to increase steam temperatures to 700°C and beyond, 
which could achieve coal-fired efficiencies as high as 50%.  

 Such high pressures and temperatures will require more advanced (nickel or nickel-iron) super 
alloys that are expensive and currently present fabrication and welding challenges.  

 Further advances in the technology, material science, and emissions control will enable coal-fired 
power to retain a primary role in future power systems. 

8) Conclusion 

 Consuming less coal for generating or producing energy will be helpful for decreasing the cost of 
electricity.  

 Bulk of power generation, about 60%, is by thermal power stations, improvement in their 
performance would lead to increased availability and large scale energy conservation.  

 However, we cannot deny the utility of renewable energy as a long term source because coal as a 
fuel is limited and would last for another century  

 
 


