
B. Combined Cycle GT (CCGT)

GTs have at best efficiencies from 35% to 42%. Almost 60% of the fuel 

energy is wasted in the turbine exhaust of a GT. Capturing this waste heat in 

a heat recovery steam generator (HRSG) is the basis of the combined cycle 

(Brayton + Rankine). The HRSG produces steam that drives a turbo-

generator to produce additional power.
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Combined Cycles (Brayton + Rankine)
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Combined Cycle Plant Diagram



Combined Cycle Gas Turbines



Comparison of Various CCGT

Main Technical Data Units 1-Pressure 1-Pressure 1-Pressure 1-Pressure 2-Pressure 2-Pressure

CCGT Preheating Preheating Preheating w/ Sulfur non-Sulfur

Water Inj. Steam Inj.

Fuel oil oil oil oil oil gas

NOX emissions ppm 250 75 75

Waste heat in Condenser kW 76150 78900 61800

Additional water required kg/s 0.4 7 10

Thermal Energy Supplied kW 228,000 228,000 255,700 239,500 228,000 230,000

Gas Turbine Output kW 68,600 68,400 73,800 76,500 68,200 69,400

Heat Contained in Exhaust kW 157,000 157,200 176,298 165,129 157,400 159,300

Steam Turbine Output kW 34,000 36,800 38,600 31,200 38,000 40,800

Total Power Output of Plant kW 102,600 105,200 112,400 107,700 106,200 110,200

Station Service Power Req'd kW 1,100 1,200 1,300 1,200 1,300 1,200

Net Power Output of Plant kW 101,500 104,000 111,100 106,500 104,900 109,000

Efficiency of Gas Turbine % 30.1 30.0 28.9 31.9 29.9 30.2

Efficiency of Steam Turbine % 21.7 23.4 21.9 18.9 24.1 25.6

Gross Efficiency of Plant % 45.0 46.1 44.0 45.0 46.6 47.9

Net Efficiency of Plant % 44.5 45.6 43.4 44.5 46.0 47.4

Net Heat Rate of Plant kJ/kWh 8,087 7,892 8,286 8,096 7,825 7,596

Btu/kWh 7,664 7,480 7,853 7,673 7,416 7,200

Utilization Rate of Waste Heat % 63.3 72.5 72.5 72.5 73.0 82.4

By adding preheating, water injection, more pressures and using low-

sulfur fuel like natural gas, the efficiency and power output is raised.



CCGT for District Heating and Sea 

Water Desalination

Main Technical Data Units District Heating Desalination

Fuel Natural Gas Natural Gas

Fuel Heat Input (LHV) kW 230,000 460,000

Supplementary Firing (LHV) kW 159,200

Total Fuel Supply (LHV) kW 230,000 619,200

Gas Turbine Output kW 69,400 138,200

Heat Contained in Exhaust kW 157,200 318,085

Steam Turbine Output kW 23,700 109,600

Total Power Output of Plant kW 93,100 247,800

Station Service Power Req'd kW 1,000 2,700

Net Power Output of Plant kW 92,100 245,100

District Heating water supply temp. deg C 110 (230 F)

District Heating water return temp. deg C 70 (158 F)

Process/Heating Output kW 109,500 283,000

Process Steam Flow kg/s 130.6

Distilled Water Flow kg/s 1,130.0

Process Steam Pressure bar 1.2

Total Electrical + Heat Output kW 202,600 530,800

Efficiency of Gas Turbine % 30.2 22.3

Efficiency of Steam Turbine % 15.1 34.5

Gross Efficiency of Plant (electrical) % 40.5 40.0

Net Efficiency of Plant (electrical) % 40.0 39.6

Rate of Fuel Utilization (LHV) % 88.1 85.7

Process/Heating Yield (LHV) % 47.6 45.7

Electrical Yield (LHV) % 40.5 40.0

Thru CHP, the efficiency is raised from 40-88% and 40-86% for 

district heating and sea water desalination, respectively.



CCGT (gas vs liquid)

Main Technical Data Units DENR Sta.Rita Sta.Rita

Standards 3-Pressure 3-Pressure

per Unit per Unit

Fuel Fuel Gas Condensate

NOX emissions mg/Nm3 500 111 187

SOX emissions 700 2 342

CO emissions 500 14 16

Particulates 150 4 7

Waste heat in Condenser kW 150,116 150,116

Additional water required kg/s 0 14.3

Thermal Energy Supplied kW 437,496 437,496

Gas Turbine Output kW 156,823 156,823

Heat Contained in Exhaust kW 289,657 289,657

Steam Turbine Output kW 90,648 90,187

Total Power Output of Plant kW 247,472 247,010

Station Service Power Req'd kW 4,784 4,784

Net Power Output of Plant kW 242,688 242,226

Efficiency of Gas Turbine % 35.85 35.85

Efficiency of Steam Turbine % 31.30 31.14

Gross Efficiency of Plant % 56.57 56.46

Net Efficiency of Plant % 55.47 55.37

Net Heat Rate of Plant kJ/kWh 6,490 6,502

Btu/kWh 6,151 6,163

Utilization Rate of Waste Heat % 82.2% 77.2%



CCGT Energy Balance

The fuel energy input is utilized as follows: GT power output 30% and ST 

power output 15-18% for a overall efficiency of 45-48%.  Energy losses 

are due mainly to heat rejected in condenser 28-34% and heat loss in stack 

12-25%.  Other losses due to radiation and in the bypass are minimal.

Combined Cycle 1-pressure 2-pressure

System CCGT CCGT

Energy Input Q 100.0 100.0

Gas Turbine Output GT 30.1 30.2

Steam Turbine Output ST 14.9 17.7

Loss in Condenser V1 28.3 38.4

Loss in Stack V2 25.2 12.1

Loss due to Radiation in Waste Heat Boiler V3 0.2 0.2

Loss in Flue Gas Bypass V4 0.3 0.3

Loss in Generator and Radiation, GT V5 0.6 0.6

Loss in Generator and Radiation, ST V6 0.4 0.5

   Total Output + Losses 100.0 100.0



Output: 1,070 MW (liquid fuel)/995 MW (natural gas)

Thermal efficiency: 56.5% (Net, LHV)

Fuel: Distillate, condensate, naphtha, or natural GT

GT model: Siemens V84.3A(2); TIT - 1,230oC

Configuration: Single - shaft (1+1+1)

Gas Turbines & Combined Cycle 
Generation Technology

Combined Cycle GT 

(CCGT) Power Plant



Single-Shaft (1+1+1) Gas and Steam 
Turbine-Generator Arrangement

Model V84.3A 

gas turbine



Simple Cycle vs Combined Cycle



Multi -Shaft (2+2+1) Gas and Steam 
Turbine-Generator Site Plan



Cost of GT Technologies

Power Generation Overnight Cost Fixed O&M Variable O&M Efficiency Fuel Cost Levellized Cost

Technology $/kW $ / kW / year cents / kWh % $ / GJ cents / kWh

Simple GT 325 0.040 0.500 2.84 0.0552

   Aero-derivative GT (35-45 MW) 38 - 42

      CHAT Cycle ( 11 MW ) 800 44.5

      CHAT Cycle ( 300 MW ) 375 54.7

      Reheating raises eff.

      Intercooling raises eff. 5%

      Recuperation ( 3.2 MW GT for power ) 40.5

   Heavy-frame GT (> 200 MW) 30 - 35

Combined Cycle GT 440 0.150 0.200 50-55 (60)

CCGT Plant Costs Capacity Cost Unit Cost Start 

 MW $ million $ / kW Date

Teesside, UK 1,875 1,200 640 1993

Sylhet, Bangladesh 90 100 1,111 1995

Jegurupadu, India 235 195 830 1996/97

Lumet, Malaysia 1,300 1,000 769 1996/97

Muara Tawar, Indonesia 1,090 733 672 1997

Sutton Bridge, UK 790 540 684 1999

Sta. Rita 1,000 680 680 2001

San Lorenzo 500 390 780 2002

Ilijan 1,200 2002

Pollution Control Technology $ / kW Removal %

NOX Removal:

  Dry low NOX burners: < 25 ppm NOX GE, Florida Light

 < 15 ppm CO

  Selective Catylic Reduction (SCR) < 5 ppm NOX  2,800 MW CCGT

  Selective non-Catalytic Reduction (SNCR)

CO2 Emission

SO2 Removal

Particulates



GT and CCGT Plants in RP

Gas Turbine Power Plants in the Philippines

Plant Name/ Location Owner Contract Grid Region Year No. Unit Size Capacity

Proponent Type Comm. MW

OIL (Bunker "C")

Bataan CC A Bataan, Limay NPC-IPP BTO Luzon III 1993 4 310.00

Bataan CC B Bataan, Limay NPC-IPP BTO Luzon III 1994 4 310.00

620.00

OIL (Diesel)

Hopew ell GT-MIRANT 1-3 Metro Manila, Navotas IPP BOT Luzon NCR 1990-91 3 70.0 210.00

Hopew ell GT-MIRANT 4 Metro Manila, Navotas IPP BOT Luzon NCR 1993 1 100.0 100.00

Naga GT Land Based Cebu, Naga NPC-IPP ROM Visayas VII 1993 2 27.5 55.00

365.00

TOTAL OIL 985.00

NATURAL GAS

Sta. Rita CCGT Batangas, Sta. Rita IPP PPA Luzon IV 2001 4 250.0 1,000.00

San Lorenzo CCGT Batangas, Sta. Rita IPP PPA Luzon IV 2002 2 250.0 500.00

Ilijan Natural Gas-KEPCO Batangas, Ilijan IPP BOT Luzon IV 2002 4 300.0 1,200.00

San Pascual Cogen Batangas, San Pascual IPP BOO Luzon IV 2004 300.00

3,000.00

TOTAL 3,985.00

The country has 620 MW of CCGT using heavy oil, 365 

MW of simple GT using diesel and 3000 MW of CCGT 

using natural gas from Malampaya, Palawan.



ÅAdvantages of CCGT power plant

- low specific cost

- low emission levels, if high quality fuel is used

- can be constructed easily (27 months or less)

- generally high availability and reliability

- can start easily, if equipped with by-pass stack

- high efficiency (generally over 50% Net, LHV)

ÅDisadvantages of CCGT power plant

- generally needs clean fuel, although some older

models can run with HFO with penalty on availability

- generally more complex to operate

Advantages & Disadvantages of CCGT



ÅEnvironmental impact of CCGT power plant

- Stack emissions: same as for GT plant

- Noise: higher than for GT plant due to additional 
noise from ST but could be low if sufficient acoustic 
barriers are used

- Thermal pollution: slight increase in temperature of 
water body if direct condenser cooling is employed

Environmental Impact of CCGT


