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                    Brief technology description  
 Simple cycle 


The major components of a simple-cycle (or open-cycle) gas turbine power unit are: a gas turbine, a gear (when 
 needed) and a generator.  


Figure 2: Process diagram of a SCGT (ref. 1) 


There are in general two types of gas turbines: 1) Industrial turbines (also called heavy duty) and 2) 


Aero-derivative turbine. Industrial gas turbines differ from aero-Aero-derivative turbines in the way that the frames, bearings 
 and blading are of heavier construction. Additionally, industrial gas turbines have longer intervals between 
 services compared to the aero-derivatives. 


Aero-derivative turbines benefit from higher efficiency than industrial ones and the most service-demanding 
 module of the aero-derivative gas turbine can normally be replaced in a couple of days, thus keeping a high 
 availability. The following text is about this type of turbines. 


Gas turbines can be equipped with compressor intercoolers where the compressed air is cooled to reduce the 
 power needed for compression. The use of integrated recuperators (preheating of the combustion air) to increase 
 efficiency can also be made by using air/air heat exchangers - at the expense of an increased exhaust pressure 
 loss. Gas turbine plants can have direct steam injection in the burner to increase power output through expansion 
 in the turbine section (Cheng Cycle).  


Small (radial) gas turbines below 100 kW are now on the market, the so-called micro-turbines. These are often 
 equipped with preheating of combustion air based on heat from gas turbine exhaust (integrated recuperator) to 
 achieve reasonable electrical efficiency (25-30%). 


Combined-cycle  


Main components of combined-cycle gas turbine (CCGT) plants include: a gas turbine, a steam turbine, a gear (if 
 needed), a generator, and a heat recovery steam generator (HRSG)/flue gas heat exchanger, see the diagram 
 below. 


Figure 3: Process diagram of a CCGT (ref. 1) 


The gas turbine and the steam turbine might drive separate generators (as shown) or drive a shared generator. 


Where the single-shaft configuration (shared) contributes with higher reliability, the multi-shaft (separate) has a 
 slightly better overall performance. The condenser is cooled by sea water or water circulating in a cooling tower.  


The electric efficiency depends, besides the technical characteristics and the ambient conditions, on the flue gas 
 temperature and the temperature of the cooling water. The power generated by the gas turbine is typically two to 
 three times the power generated by the steam turbine. 


Input 


Typical fuels are natural gas (including LNG) and light oil. Some gas turbines can be fuelled with other fuels, 
 such as LPG, biogas etc., and some gas turbines are available in dual-fuel versions (gas/oil). 


Gas fired gas turbines need an input pressure of the fuel (gas) of 20-60 bar, dependent on the gas turbine 
 compression ratio, i.e. the entry pressure in the combustion chamber.  


Typically, aero derivative gas turbines need higher fuel (gas) pressure than industrial types. 


Typical capacities 


Simple-cycle gas turbines are available in the 30 kW – 450 MW range. Most CCGT units have an electric power 
 rating of >40 MW.  


Ramping configurations  


A simple-cycle gas turbine can be started and stopped within minutes, supplying power during peak demand. 


Because they are less power efficient but cheaper in capital costs than combined cycle plants, they are in most 
 places used as peak or reserve power plants, which operate anywhere from several hours per day to a few dozen 
 hours per year. 


However, every start/stop has a measurable influence on service costs and maintenance intervals. As a 
 rule-of-thumb, a start costs 10 hours in technical life expectancy. 


Gas turbines can operate at part load. This reduces the electrical efficiency and at lower loads the emission of e.g. 


NOx and CO will increase, also per Nm3 of gas consumed. The increase in NOx emissions with decreasing load 
 places a regulatory limitation on the ramping ability. This can be solved in part by adding de- NOx units. 


CCGT units are to some extent able to operate at part load. This will reduce the electrical efficiency and often 
 increase the NOx emission. 


If the steam turbine is not running, the gas turbine can still be operated by directing the hot flue gasses through a 
 boiler designed for high temperature or into a bypass stack. 


The larger gas turbines for CCGT installations are usually equipped with variable inlet guide vanes, which will 
 improve the part-load efficiencies in the 85-100% load range, thus making the part-load efficiencies comparable 
 with conventional steam power plants in this load range. Another means to improve part-load efficiencies is to 
 split the total generation capacity into several CCGTs. However, this will generally lead to a lower full load 
 efficiency compared to one larger unit. 


Advantages/disadvantages 
 Advantages: 


  Simple-cycle gas turbine plants have short start-up/shut-down time, if needed. For normal operation, a hot 
 start will take some 10-15 minutes.  


  Large combined-cycle units have the highest electricity production efficiency among fuel-based power 
production. 


  CCGTs are characterized by low capital costs, high electricity efficiencies, short construction times and 
 short start-up times. The economies of scale are however substantial, i.e. the specific cost of plants below 
 200 MW increases as capacity decreases.  


  Low CO2 emissions as compared to other fossil-based technologies 


Disadvantages: 


  Concerning larger units above 15 MW, the combined cycle technology has so far been more attractive 
 than simple cycle gas turbines, when applied in cogeneration plants for district heating. Steam from other 
 sources (e.g. waste fired boilers) can be led to the steam turbine part as well. Hence, the lack of a steam 
 turbine can be considered a disadvantage for large-scale simple cycle gas turbines. 


  Smaller CCGT units have lower electrical efficiencies compared to larger units. Units below 20 MW are 
 few and will face close competition with single-cycle gas turbines and reciprocating engines. 


  The high air/fuel ratio for gas turbines leads to lower overall efficiency for a given flue gas cooling 
 temperature compared to steam cycles and cogeneration based on internal combustion engines. 


  When CCGT plants use the same gas source, an incident of gas supply can cause loss of several power 
 plants. 


Environment 


Gas turbines have continuous combustion with non-cooled walls. This means a very complete combustion and 
 low levels of emissions (other than NOx). Developments focusing on the combustors have led to low NOx levels. 


To lower the emission of NOx further, post-treatment of the exhaust gas can be applied, e.g. with SCR catalyst 
 systems. 


Employment 


As an example, the 750 MW CCGT Nhon Trach 2 is occupying about 1,000 employees during construction and 
 about 120 employees during operation and maintenance. 


Research and development perspectives 


Gas turbines are a very well-known and mature technology – i.e. category 4. 


Increased efficiency for simple-cycle gas turbine configurations has also been reached through inter-cooling and 
 recuperators. Research into humidification (water injection) of intake air processes (HAT) is expected to lead to 
 increased efficiency due to higher mass flow through the turbine. 


Additionally, continuous development for less polluting combustion is taking place. Low- NOx combustion 
 technology is assumed. Water or steam injection in the burner section may reduce the NOx emission, but also the 
 total efficiency and thereby possibly the financial viability. The trend is more towards dry low- NOx combustion, 
 which increases the specific cost of the gas turbine. 


Continuous research is done concerning higher inlet temperature at first turbine blades to achieve higher 
 electricity efficiency. This research is focused on materials and/or cooling of blades. 


Continuous development for less polluting combustion is taking place. Increasing the turbine inlet temperature 
 may increase the NOx production. To keep a low NOx emission different options are at hand or are being 
 developed, i.e. dry low- NOx burners, catalytic burners etc. 


Development to achieve shorter time for service is also being done. 


Examples of current projects 


Nhơn Trach 2 combined cycle gas turbine (CCGT) is in Nhon Trach district, Dong Nai province. The total 
 capacity of the plant is 750 MW, with commercial operation from 2011. 


Nhơn Trach 2 thermal plant uses combined cycle gas turbine generation with configuration 2-2-1, including 2 gas 


the forced outage is expected to be 3% and the planned outage is 4 weeks per year (8%). The main fuel used is 
 natural gas extracted from Cuu Long and Nam Con Son basins. Follow the Environmental Impact report of the 
 first Quarter 2017, the emission of PM2.5 of Nhon Trach 2 CCGT was 30.1 mg/Nm3, the NOx emission was 208 
 mg/Nm3 and the SO2 emission was 2.62 mg/Nm3. The ramping rate of the plant is 5.3% per minute, the minimum 
 load is 40% and the start-up time from warm and cold condition are 4.8 hours and 6 hours respectively. 


The total investment was 617 M$ (converted to $2016, the administration, consultancy, project management, site 
 preparation cost, the taxes and interest during construction are not included), corresponding to a nominal 


investment of 0.82 M$/MWe, The total capital (include these components) was 735 M$, corresponding to 0.98 
M$/MWe The fixed O&M cost was 32.1 $/MWe/year and the variable O&M cost was 0.57 $/MWh. 


Data estimate 


Below is described the sources which the data sheets are based on and how to arrive at the estimates of the 
 parameters in the data sheets. 


Data from six existing CCGT plants in Vietnam were available and the average of the parameters serves as the 
 central estimate for the data sheet in 2020. Except for the unit and plant size where the most common size is 
 chosen. See Table 5. From 2030 and 2050 the Indonesian TC is used except for the financial parameters which 
 are covered separately below. 


No data for SCGT plants in Vietnam was available for this study so the Indonesian TC is used in general. For the 
 flexibility parameters (Ramping, Minimum load and Start up time) for CCGT similar parameters as for local 
 CCGT cases are assumed for 2020. Gas turbines can be very flexible but similar to coal fired power plants the gas 
 fired plants are not expected to become more flexible than the current plants without new incentives which are not 
 expected in short term (2020). The financial parameters are covered separately below. Emission values have been 
 converted from mg/Nm3 to g/GJ based on a conversion factor for coal of 0.27 from Pollution Prevention and 
 Abatement Handbook, 1998. 


Table 5: Combined cycle gas turbine, 2020 data from existing local cases, the Indonesian TC and the central estimates for 
 the Vietnamese TC. 


Key parameter  Local cases data 


average   Indonesian TC (2020)  Vietnamese 
 TC (2020) 
 (ref 5) Number of plants  Central  Lower Upper


Generating capacity for one unit (MWe)  650  6  600  200  800  750 


Generating capacity for total power plant (MWe)  6508 6  1,500 


Electricity efficiency, net (%), name plate  56  5  57  45  62  56 


In Table 6 are listed international estimations of investment costs for SCGT and CCGT plants. A large variation 
 in investment costs is observed. Very low costs are expected in China. Furthermore, IEA WEO 2016 expects 
 constant investment costs, while a small reduction is expected in the Indonesian TC. 


As mentioned above for CCGT the average of the existing local cases is used as the central estimate of investment 
 costs in 2020. For 2020 and 2030 the average of the references in the table is used except that the estimations for 
 China are deemed not realistic in Vietnam. However, they are used as lower bound.  


For SCGT a similar approach is applied where the average of the references in the table is used except for the 
 estimations for China for methodology consistency.  


      


Table 6: Investment costs of gas turbines in international studies. The Danish Technology Catalogue only describes back 
 pressure plants used for CHPs where the heat is used for district heating. Therefore, they are not included here.  


IEA WEO 2016  Capital costs (2016$/W) All year: 2015-2040 


China  India 


SCGT  0.35  0.40 


CCGT  0.55  0.70 


IEA Southeast Asia 2015  Southeast Asia / 2030 (2016$/W) 


CCGT  0.70 


Indonesian TC10 2020  2030  2050 


Central  Lower  Upper  Central  Lower  Upper 


SCGT  0.77  0.65  1.20  0.73  0.68  0.55  0.80 


CCGT  0.72  0.62  0.77  0.68  0.63  0.53  0.67 


Vietnamese TC  2020  2030  2050 


Central  Lower  Upper  Central  Lower  Upper 


SCGT  0.59  0.35  1.20  0.57  0.54  0.35  0.80 


CCGT  0.77  0.55  0.77  0.69  0.68  0.55  0.77 
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The description in this chapter is to a great extent from the Danish Technology Catalogue “Technology Data on 
 Energy Plants - Generation of Electricity and District Heating, Energy Storage and Energy Carrier Generation 
 and Conversion”. The following are sources are used: 


1.  Nag, “Power plant engineering”, 2009. 


2.  Ibrahim & Rahman, “Effect of Compression Ratio on Performance of Combined Cycle Gas Turbine”, Int. 


J. Energy Engineering, 2012. 


3.  Mott MacDonald, “UK Electricity Generation Costs Update”, 2010. 


4.  PECC2, “Nhon Trach 2 combined cycle gas turbine power plant basic design report”, 2008 


5.  Collecting from 6 existing CCGT plants include: Phu My 2.2 (2004), Phu My 4 (2005), Nhon Trach 1 
 (2008), Nhon Trach 2 (2011), Ca Mau 1 (2008), Ca Mau 2 (2008). 


Data sheets 


The following pages contain the data sheets of the technology. All costs are stated in U.S. dollars ($), price year 
 2016.  


      


10 Investment costs have been adjusted to $2016 and scaled to represent 2*750 MW plants for CCGT and 2*50MW plants for 


Technology  Simple Cycle Gas Turbine - large system 


1.  IEA, Projected Costs of Generating Electricity, 2015.  


2.  IEA, World Energy Outlook, 2015. 


3.  Danish Energy Agency, 2015, "Technology Catalogue on Power and Heat Generation". 


4.  Learning curve approach for the development of financial parameters. 


5.  Energy and Environmental Economics, 2014, "Capital Cost Review of Power Generation Technologies - Recommendations for WECC’s 10- and 20-Year Studies 
 6.  Deutsches Institut für Wirtschaftsforschung, On Start-up Costs of Thermal Power Plants in Markets with Increasing Shares of Fluctuating Renewables, 2016 
 7.  Maximum emission from Minister of Environment Regulation 21/2008 


8.  Vuorinen, A., 2008, "Planning of Optimal Power Systems". 


9.  Soares, 2008, "Gas Turbines: A Handbook of Air, Land and Sea Applications".  


   
 Notes:  


A  Assumed gradual improvement to international standard in 2050.   


B  Uncertainty (Upper/Lower) is estimated as +/- 25%.   


C  Assumed no improvement for regulatory capability.    


D  Calculated from a max of 400 mg/Nm3 to g/GJ (conversion factor 0.27 from Pollution Prevention and Abatement Handbook, 1998) 
 E  Commercialised natural gas is practically sulphur free and produces virtually no sulphur dioxide 


F  The investment cost of an aero-derivative gas turbine will be in the higher end than an industrial gas turbine (ref. 5). Roughly 50% higher. 


G  Investment costs include the engineering, procurement and construction (EPC) cost. See description under Methodology. 


   


  


Technology  Combined Cycle Gas Turbine 


1  Ea Energy Analyses and Danish Energy Agency, 2017, "Technology Data for the Indonesian Power Sector - Catalogue for Generation and Storage of Electricity" 


2  Vuorinen, A., 2008, "Planning of Optimal Power Systems". 


3  IEA, World Energy Outlook, 2015. 


4  Learning curve approach for the development of financial parameters. 


5  Siemens, 2010, "Flexible future for combined cycle".  


6  Deutsches Institut für Wirtschaftsforschung, On Start-up Costs of Thermal Power Plants in Markets with Increasing Shares of Fluctuating Renewables, 2016. 


7  Maximum emission from Minister of Environment Regulation 21/2008 


8  Danish Energy Agency, 2015, "Technology Catalogue on Power and Heat Generation". 


9  Soares, 2008, "Gas Turbines: A Handbook of Air, Land and Sea Applications".  


10  IEA, Projected Costs of Generating Electricity, 2015.  


   
 Notes:  


A  Assumed gradual improvement to international standard in 2050.   


B  Uncertainty (Upper/Lower) is estimated as +/- 25%.   


C  Assumed no improvement for regulatory capability.    


D  Calculated from a max of 400 mg/Nm3 to g/GJ (conversion factor 0.27 from Pollution Prevention and Abatement Handbook, 1998) 
 E  Commercialised natural gas is practically sulphur free and produces virtually no sulphur dioxide 


F  Investment costs include the engineering, procurement and construction (EPC) cost. See description under Methodology. 
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