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Gas-Fired Power 
HIGHLIGHTS 

� PROCESS AND TECHNOLOGY STATUS – Approximately 21% of the world’s electricity production is based on 
natural gas. The global gas-fired generation capacity amounts to 1168 GWe (2007). In Europe, the total electricity 
generation capacity is about 804 GWe, of which 22% is based on natural gas. In the United States, the total capacity is 
about 1039 GWe, with 400 GWe based on natural gas. There are two types of gas-fired power plants, viz. open-cycle gas 
turbine (OCGT) plants and combined-cycle gas turbine (CCGT) plants. OCGT plants consist of a single compressor/gas-
turbine that is connected to an electricity generator via a shaft. They are used to meet peak-load demand and offer 
moderate electrical efficiency of between 35% and 42% (lower heating value, LHV) at full load. Their efficiency is 
expected to reach 45% by 2020. CCGT is the dominant gas-based technology for intermediate and base-load power 
generation. CCGT plants have basic components the same as the OCGT plants but the heat associated to the gas-
turbine exhaust is used in a heat recovery steam generator (HRSG) to produce steam that drives a steam turbine and 
generates additional electric power. Large CCGT plants may have more than one gas turbine. Over the last few 
decades, impressive advancement in technology has meant a significant increase of the CCGT efficiency by raising the 
gas-turbine inlet temperature, with simultaneous reduction of investment costs and emissions. The CCGT electrical 
efficiency is expected to increase from the current 52–60% (LHV) to some 64% by 2020. CCGT plants offer flexible 
operation. They are designed to respond relatively quickly to changes in electricity demand and may be operated at 50% 
of the nominal capacity with a moderate reduction of electrical efficiency (50–52% at 50% load compared to 58–59% at 
full load). In general, because of the lower investment costs and the higher fuel (natural gas) cost vs. coal-fired power, 
CCGT plants are lower in the merit order for base-load operation, although the competition also depends on local 
conditions, variable fuel prices and environmental implications. 

� COSTS – Due to the high price of materials and equipment and the increasing demand for new CCGT plants, the 
investment cost of CCGT power plants has been increasing almost continuously from some $800/kWe in 2002 to 
$1100/kWe in 2009 (costs quoted in 2008 US dollars). At present, if compared with the 2008 peak cost, the CCGT 
investment costs might be slightly declining because of the reduction of material costs and the low demand for new 
capacity due to the ongoing economic crisis. While technology learning is not expected to significantly reduce the 
investment cost of mature technologies, technical developments in CCGT plants may still drive cost reductions from 
today’s $1100/kWe to $1000/kWe in 2020, and to $900/kWe in 2030. The investment cost of OCGT plants is 
approximately $900/kWe. Modest cost reductions are also expected for OCGT plants, namely $850/kWe in 2020, and 
$800/kWe in 2030. The annual operation and maintenance costs of CCGT and OCGT plants are estimated at 4% of the 
investment costs per year. The generation costs of CCGT range between $65 and $80/MWh (typically, $73/MWh), of 
which $30–45/MWh is for the fuel. Generation costs of OCGT are much higher, e.g. $200–225/MWh (typically, 
$210/MWh), of which $45–70/MWh is for the fuel. In the OCGT plants, the fuel cost may be up to 50% higher than in 
CCGT as the efficiency is about two-thirds that of a combined cycle. However, the main reason for the OCGT high 
generation cost is the low load-factor of the peak-load services, typically 10% vs. 50-60% for the CCGT plants. 

� POTENTIAL & BARRIERS – CCGT technology is a strong competitor for all power generation technology. Its share in 
electricity generation has been growing fast over the past decades. In comparison with coal-fired power, CCGT plants 
offer shorter construction time, lower investment costs, half as much CO2 per kWh and high service flexibility, but higher 
fuel costs. Non-greenhouse gas (GHG) emissions such as SO2, NOx, and particulate matter are also relatively low. The 
current CO2 price is low (see European emission trading) and moderately affects the electricity cost. In the future, 
however, it may rise and have a strong impact on the competition between coal- and gas-fired power, renewable and 
nuclear energy. In addition, current uncertainties on natural gas prices make it difficult to adopt robust strategies for 
CCGT deployment and may result in a changing economic balance between gas- and coal-fired power. 
_______________________________________________________________________________ 

 

PROCESS AND TECHNOLOGY STATUS – Open-
cycle gas turbines (OCGT) for electricity generation were 
introduced decades ago for peak-load service. Simple 
OCGT plants consist basically of an air compressor and 
a gas turbine aligned on a single shaft connected to an 
electricity generator. Filtered air is compressed by the 
compressor and used to fire natural gas in the 
combustion chamber of the gas-turbine that drives both 
the compressor and the electricity generator. Almost 
two-thirds of the gross power output of the gas-turbine is 
needed to compress air, and the remaining one-third 

drives the electricity generator. OCGT plants have 
relatively low electrical efficiency ranging between 35% 
and 42% (lower heating value, LHV). Aero-derivative 
gas-turbines provide efficiency of 41–42%, but their size 
is limited to 40–50 MWe. Since the early 1990s, 
combined-cycle gas turbines (CCGT, Fig. 1) have 
become the technology of choice for new gas-fired 
power plants (IEA, 2008). CCGT plants consist of 
compressor/gas-turbine groups – the same as the 
OCGT plants – but the hot gas-turbine exhaust is not 
discharged into the atmosphere. Instead it is re-used in a 
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heat recovery steam generator (HRSG) to generate 
steam that drives a steam-turbine generator and 
produces additional power. Gas-turbine exhausts then 
leave the HRSG at about 90°C and are discharged into 
the atmosphere. CCGT plants commonly consist of one 
gas turbine and one steam turbine. Approximately two-
thirds of the total power is generated by the gas turbine 
and one-third by the steam turbine. Large CCGT power 
plants may have more than one gas turbine.  
 
State-of-the-art CCGTs have electric efficiency of 
between 52% and 60% (lower heating value, LHV) at full 
load. Figure 2 shows the efficiency of CCGT plants 
compared with pulverised coal (PC) power plants as a 
function of the maximum cycle temperature. Current 
supercritical coal-fired power plants (left hand) may 
reach a full-load efficiency of 45–46% (2010) while (right 
hand) the current full-load efficiency of CCGT power 
plants is close to 60%. Technological developments aim 
to increase the CCGT efficiency by raising the gas-
turbine inlet temperature and simultaneously decreasing 
investment cost and emissions. Figure 3 shows the 
efficiency as a function of the gas turbine inlet 
temperature. According to Ishikawa et al. a CCGT plant 
with a 1700°C class gas-turbine may attain an electrical 
efficiency of 62–65% (LHV). Thus, the CCGT efficiency 
is expected to increase from today’s 52%–60% to a 
maximum of 64% by 2020. OCGT efficiency is also 
expected to rise from its current 35%–42% (LHV) to 45% 
by 2020. 
 
CCGT is a mature technology. It is one of the dominant 
options for both intermediate-load (2000 to 5000 hrs/yr) 
or base-load (>5000 hrs/yr) electricity generation. In the 
last decade, many CCGT plants have been built in North 
America, Europe, Asia, and in the Middle East. OCGT 
and CCGT capacity addition in the US from 1998 to 
2008 is shown in Figure 4 (McManus et al, 2007). CCGT 
power plants have become the workhorses of 
independent power producers all over the world. With 
individual heavy-frame gas turbines available in unit 
sizes of up to 300 MWe, CCGT plants offer modular 
flexibility and adaptability to the electricity demand and 
grid requirements. Figure 5 shows the range of gas 
turbines offered by a major producer, from relatively 
small 56-MWe gas turbines, often used for combined 
heat and power (CHP) generation, to the largest 288-
MWe turbines used for base-load power generation. In 
general, gas-turbines can burn not only natural gas but 
also heavy/crude oil, distillate and other liquid and 
gaseous fuels. Obviously large, heavy-duty gas-turbines 
with big combustion chambers are more suitable for 
burning heavy fuels, while small, aero-derivate gas-
turbines, with several little burners or combustion 
chambers, are more sensitive to changes of combustion 
parameters (Kehlhofer et al, 2009). In general, CCGT 
plants are designed to respond relatively fast to changes 
in electricity demand and service. They may be operated 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Gas-fired CCGT plant (Siemens, 2008) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 - Efficiency of GTCC and PC power plants vs. gas 

and steam temperature (Blum et al., 2006) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 – CCGT efficiency (Ishikawa et al, 2008) 
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between 40% and 100% of the nominal capacity with 
moderate efficiency drop (from 58-59% at full load to 50–
52% at 50% of the full load). Due to the high efficiency 
and the use of natural gas, the best available CCGT 
power plants emit approximately 50% less CO2 and up 
to nine times less NOx per kWh than modern coal-fired 
power plants. The NOx emissions of a CCGT plant may 
be reduced by using Selective Catalytic Reduction 
(SCR) systems. Table 1 provides typical data of NOx 
emissions from a CCGT plant, with and without SCR. 
 
COSTS – Because of the high price of steel, materials 
and equipment, the investment cost of the CCGT power 
plants has been growing rapidly over the past years from 
some $800/kWe (2008 US$) in 2002 to the current level 
of approximately $1100/kWe (King, 2008; Norske Shell, 
2008). Figure 6 provides an overview of quoted 
investment costs of CCGT plants. Similar costs are also 
reported by other sources, e.g. €700 million for a 870-
MWe CCGT, which is equivalent to €800/kWe (EBR, 
2009). CCGT is a mature technology and its investment 
cost may decline over time to a limited extent as a result 
of technology learning. From today’s $1100/kWe, the 
investment cost is estimated to decline to $1000/kWe in 
2020, and to $900/kWe in 2030. The current (2009) 
global economic crisis can make a contribution to the 
mitigation of the CCGT investment cost because of the 
slowing demand for materials, components and new 
capacity. The investment cost of OCGT plants is also 
expected to slightly decline from today’s $900/kWe, to 
$850/kWe in 2020 and to $800/kWe in 2030. 
 
The operation and maintenance (O&M) cost is estimated 
at 4% of the investment cost per year for both OCGT 
and CCGT plants. Thus, CCGT O&M costs are 
estimated at $44/kWe per year in 2010, declining 
accordingly to $36/kWe per year in 2030. For OCGT 
plants, O&M costs are estimated at $36/kWe per year in 
2010, down to $32/kWe in 2030. The overall generation 
cost of CCGT plants ranges from $65 to $80/MWh 
(typically, $72/MWh), of which $30 to $45/MWh is for the 
fuel (at a natural gas price of $5.0–6.5/GJ). Generation 
costs of OCGT are much higher and range from $200 to 
$225/MWh, of which $45-70/MWh is for the fuel (natural 
gas). In the OCGT plants, the fuel costs per kWh may be 
up to 50% higher than in CCGT, as a single-cycle gas 
turbine plant has an efficiency that is about two-thirds 
that of a combined cycle. However, the main reason for 
the high OCGT generation cost is the low load-factor 
associated to the peak-load services, typically 800 full-
load hours vs. 4200-5200 full-load hours for the CCGT. 
 
POTENTIAL AND BARRIERS – CCGT technology is a 
strong competitor for all power generation technology 
and its share in electricity generation has been growing 
fast over the past decades. In comparison with coal-fired 
power, CCGT plants offer lower investment costs and 
emissions  (e.g. CO2), shorter  construction  time,  high 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4 – Gas-turbine capacity addition in the US 
(McManus et al., 2007) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 - Gas turbine size range (Alstom, 2008) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 - Investment costs of CCGT plants (King, 2008) 
 
service flexibility, but also higher fuel costs. The IEA in 
its Baseline scenario (IEA, 2008) estimates a need for 
new CCGT power plant capacity of about 110 GW per 
year for the period 2005-2050. The cumulative 
investment would be some $4000 billion, approximately 
equivalent to 5300 GW of CCGT plants. However, in the 
IEA emission mitigation scenarios, the investment in new 
CCGT capacity is considerably lower. While the current 
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service flexibility, but also higher fuel costs. The IEA in 
its Baseline scenario (IEA, 2008) estimates a need for 
CO2 price is low (e.g. the European Emission Trading 
System) and may relatively affect the electricity 
generation cost, in the near future CO2 emissions may 
have a significant impact on the competition between 
coal-, gas-fired power, renewable and nuclear energy. In 
addition, current uncertainty about short-term prices of 
natural gas makes it difficult to adopt robust strategies 
for further CCGT deployment and may result in a 
changing economic balance between CCGT and coal-
fired power. 

 
 

 
 

______________________________________________________________________________________________ 

 

Table 2 – Summary Table: Key Data and Figures for Natural Gas-based Power Technologies  

Technical Performance Typical current international values and ranges 
Energy input  Natural gas 
Output  Electricity 
Technologies OCGT CCGT 
Efficiency, % 35–42% 52–60% 
Construction time, months Minimum 24; Typical 27; Maximum 30 
Technical lifetime, yr 30 
Load (capacity) factor, %  10–20 20–60 
Max. (plant) availability, %  92 
Typical (capacity) size, MWe 10–300 60–430 
Installed (existing) capacity, GWe  1168 (end of 2007) 
Average capacity aging Differs from country to country. CCGT construction started end of 1980s. 
Environmental Impact  
CO2 and other GHG emissions, kg/MWh 480–575 340–400 
NOx, g/MWh 50 30 
Costs (US$ 2008)  
Investment cost, incl. IDC, $/kW  800 – 1000; Typical 900 (2010) 1000 – 1250; Typical 1100 (2010) 
O&M cost (fixed and variable), $/kW/a 36 44 
Fuel cost, $/MWh 45–70 30–45 
Economic lifetime, yr 25 
Interest rate, %  10 
Total production cost, $/MWh   200 – 225 / Typical 210 65 – 80 / Typical 72.5 
Market share 20 
Data Projections  2010 2020 2030  
Technology OCGT CCGT OCGT CCGT OCGT CCGT  
Net Efficiency (LHV), % 35-42 52-60 ≤ 45 ≤ 64 ≤ 45 ≤ 64  
Investment cost, incl. IDC, $/kW  900 1100 850 1000 800 900  
Total production cost, $/MWh  100 72.5 95 70 95 70  
Market share, % global electricity output 20 18 15  
 
 
 

Table 1 - NOx emissions of a CCGT plant with/out SCR 

NOx emission 
CCGT 

no SCR 
CCGT 
SCR 

[mg/m3] 52.5 23 
[g/GJfuel] 45 20 
[g/kWh] 0.30 0.13 
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