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Climate implications of coal-to-gas 
substitution in power generation 

Under most global energy scenarios, coal will remain the backbone of many countries’ 
electricity generation for at least the next two decades, with most of the new capacity 
being established in Asia, especially in developing countries. There are several ways to 
limit the carbon emissions lock-in of such new capacity. The introduction of HELE units, 
such as those already in use in China, Japan, South Korea, Germany and the USA, 
provides an immediate reduction in carbon intensity. These have cycle efficiencies over 
20% higher than the conventional, old fashioned units with subcritical steam cycles that 
are typically used in much of the world, and the higher the plant efficiency the lower 

• The introduction of high efficiency low emissions (HELE) coal fired power 
plant offers a significant reduction in carbon intensity and in many 
countries is being extensively deployed 

• An alternative approach is to install gas-fired power plants rather than coal 
and it has been suggested that high-efficiency natural gas combined cycle 
gas turbine plants could function as a ‘bridge technology’ in the transition 
to a lower-carbon economy 

• The problem with the latter approach is that although CO2 emissions from 
a gas-fired power plant have a lower intensity than from a coal-fired unit, 
when the complete gas production, transport and utilisation systems are 
considered, natural gas can have a higher global warming impact due to 
methane leakage. The higher the methane leakage from natural gas 
systems, the greater its carbon intensity. Increasing and uncontrolled 
methane emissions will have similar, if not greater, greenhouse gas (GHG) 
climate implications (especially in the short-term) compared to coal 
utilisation and may have a greater impact on water resources. 

• Policy-makers need to be best placed to understand the consequences of 
future actions, and it is essential that more-comprehensive analyses are 
undertaken by reputable, independent organisations to determine a full 
life cycle impact of substituting gas for coal in power generation. This 
recognises that, ultimately, the question of whether or not gas has a lower 
climate impact than coal depends on the methane leakage rates. 

• Ultimately, switching fossil fuels does not solve the GHG emissions 
challenge and carbon capture and storage (CCS) will be necessary to 
mitigate the climate implications of greenhouse gas emissions from both 
coal- and gas-fired power generation systems. 
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the CO2 emissions per unit output. An alternative and complementary approach, which 
has been suggested, is to install gas fired power plants rather than coal. 

The Intergovernmental Panel on Climate Change has suggested that high-efficiency 
natural gas combined cycle gas turbine power plants could function as a ‘bridge 
technology’ in the transition to a lower-carbon economy. In part, this suggestion has 
been based on the recent transformation of the USA energy mix through the discovery 
and exploitation of very large unconventional gas sources. On this basis, increasing the 
natural gas supply has the potential to deliver lower energy costs, improved energy 
security, reduced air pollution, and a significantly less carbon-intensive electricity supply, 
as many electric utilities switch from coal to gas. Many other countries possess 
considerable untapped gas resources in the form of shale and other unconventional gas 
deposits, and it is a key question for policy-makers whether such a phenomenon as 
established in the USA can flourish elsewhere. This is a critical issue as, increasingly, 
there are concerns about the overall environmental impact of gas extraction from such 
unconventional sources, with pronounced public opposition to the process, and there is 
growing evidence that the climate implications of increased natural gas supply and use 
are far from straightforward.  

If the power plant alone is considered, using natural gas instead of coal for power 
production can reduce CO2 emissions by as much as half. This is due to a combination of 
the lower carbon intensity of natural gas, which is the least carbon-intensive fossil fuel, 
and the higher efficiency of natural gas technology. The latter can achieve power 
conversion efficiencies of around 60%, while the efficiency of the best coal fired ultra-
supercritical units is currently 46%. However, when the complete gas production, 
transport and utilisation system, including methane leakage, is considered the 
differences are significantly reduced and even reversed (in the short-term). Thus the 
use of liquefied natural gas (LNG) instead of pipeline gas can reduce the net life-cycle 
benefit by about 20%, due to the substantial energy requirements to liquefy and 
transport gas for what are typically very long distances. Even more importantly, there is 
a growing body of evidence that shows the rate of methane leakage in natural gas 
operations is a decisive factor in any calculation of greenhouse gas (GHG) benefits. 

Methane (CH4), which is the primary constituent of natural gas, has a much shorter 
lifespan in the atmosphere than CO2, but it also has a much higher global warming 
potential, some 25 times the rate of CO2 over 100 years. Leakage of methane can occur 
at each stage of the natural gas extraction and delivery cycle, including field production, 
processing, transport and storage, and distribution. There is considerable uncertainty 
over the amounts of methane emitted over the lifetime of a natural gas well. Besides 
traditional deposits, there are four main categories of unconventional natural gas: shale 
gas, coalbed methane (CBM), gas from tight sandstones (tight gas) and methane 
hydrates, of which the first two are better characterised and exploited. For shale gas 
and CBM extraction, there are various environmental concerns such as water 
contamination but from a carbon intensity perspective, the major issue is methane 
leakage. 
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The question of whether or not gas has a lower climate impact than coal depends on 
the quantification of the life cycle methane leakage rates. At present, the focus is on the 
USA with its major exploitation of unconventional gas sources and while there are 
certain economic advantages arising, it is at best unclear whether this approach will 
provide the 50% reduction in GHG emissions typically attributed to it, over the next 
three to four decades. Various studies suggest that it will only be achieved if gas leakage 
is maintained at the lowest estimated rates of 1-1.5% and the coal replacement rate is 
maintained at >5% per year. Although the coal replacement programme may be 
achievable, the 1-1.5% estimates contain significant uncertainty, due to a lack of 
sufficient, actual, real-time measurements to guide policy decision-making at national 
level. Numerous studies conclude that if methane emissions exceed 3% of total gas 
production, the climate advantage of natural gas firing over coal disappears within the 
20-year time horizon. 

This note is based on the report: Climate implications of coal to-gas substitution in power generation 
(CCC/248, April 2015) by Herminė Nalbandian. The report is available to download from 
http://bookshop.iea-coal.org.uk 
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