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High efficiency power generation – review of 
alternative systems

A coal gasification based system can provide a concentrated hydrogen gas stream to 
drive a fuel cell for electricity and heat production. At the same time, the waste product 
comprises a concentrated stream of CO2 that can be readily compressed and 
transported for subsequent long term geological storage at low costs compared to the 
existing options.  

The supercritical carbon dioxide (sCO2) power cycle is an innovative technology that 
could potentially achieve a higher thermal efficiency than steam Rankine cycles. The 
design of such a cycle includes extremely compact turbomachinery designs due to the 
high fluid density of supercritical CO2, which could lead to lower capital and operating 

• The most efficient pulverised coal power plants, with ultra-supercritical 
steam cycles, have a cycle efficiency of 46% (net, LHV basis) and there is 
development work underway to raise this to over 50% while limiting the 
increased capital costs due to the need for enhanced designs and higher 
quality materials of construction 

• Due to the limitations of the Rankine cycle technology on which such 
plants are based, any further substantial increase in efficiency much 
beyond 50% will be difficult and possibly not cost effective. Consequently, 
developers are considering alternative innovative coal power cycle 
concepts that may be attractive especially when the need to include 
integrated carbon capture and storage systems is considered. As with all 
new technology developments, some may make it through to the 
demonstration and deployment stage. 

• A promising option includes fuel cells integrated with a coal gasification 
system, with a net efficiency towards 56% and CO2 capture rates up to 
99%, which Japan intends to demonstrate from 2021. A key issue to be 
resolved is to increase efficiency of the fuel cells while also reducing 
capital costs through economies of scale. Other possibilities include 
various cycles that use supercritical CO2 as the working fluid. Although 
very complex, they offer the longer term prospect of lower capital costs 
combined with effective CO2 capture. This assumes that the need for 
higher grade materials of construction can be resolved in a cost effective 
way. Chemical looping combustion (CLC) is an indirect form of combustion 
that may also offer significant advantages in the longer term, although 
considerable further research is required before a large-scale trial can be 
contemplated. 
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costs for a range of power plant applications, subject to cost effective materials of 
construction being developed.  

Chemical looping combustion (CLC) comprises a system in which an oxygen-containing 
solid material, such as a metal oxide, supplies the oxygen to a fuel, and the spent 
oxygen ‘carrier’ is separately regenerated by air at high temperature. As there is no 
direct contact between air and fuel, CLC produces a stream of CO2 and water vapour 
from which the CO2 can be readily recovered, eliminating the need for additional energy 
intensive CO2 separation.  

This note is based on the report: High efficiency power generation – review of alternative systems ‒ 
(CCC/247, March 2015) by Dr Qian Zhu. The report is available to High efficiency power generation – 
review of alternative systems download from IEA Clean Coal Centre bookshop.  
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