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Thermal Power Plants
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Agenda: Thermal Power Plants
• Operational principle of cyclic thermodynamic engines

 Entropy, heat, and work in Carnot cycle 

• Reciprocating (piston) engines
 Steam cylinder
 Otto internal combustion cycle
 Stirling engine

• Steam power plants
 Isotherms of real gases
 Steam and air as working media
 S-T cycles for Carnot, Rankine, and Brayton cycles

• Steam & Gas turbine power plants
 Combined-cycle

• Chemistry of complete & incomplete combustion
 Examples

• Carbon (CO2) capture processes

________________________________

Next: Power from nuclear transmutation
Andrew & Jelley Chs. 9 & 10
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Low/Medium Pressure Steam Turbines
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Gas Power Turbine: Parts & Operation (GE)

Combustion 
gases-working fluid

Air intake at turbo 
compressor stage.
Fuel/air mix injected in 
annular combustion 
chambers. Combustion 
gas drives turbine 
directly: power stage.  

Turbo compressor raises 
air pressure (x20) & 
temperature.

Fuel/air mix is ignited in 
combustion chambers. 
→ Super heated 

compressed fuel/air mix 
drives power rotors. 
Exhaust gas is still hot.

Combustion 

Chamber

Compressor 

Stage

Power Stage Exhaust Nozzle

Shaft

In Operation
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Turbine for Gas Power Plants

SGT-800 Power generation 
47.00MW(e)
Fuel: Natural gas*, Frequency: 
50/60Hz
Electrical efficiency: 37.5%
Heat rate:   9,597kJ/kWh       

(9,096Btu/kWh)
Turbine speed: 6,608rpm
Compressor pressure ratio: 19:1
Exhaust gas flow: 131.5kg/s 
Exhaust temperature: 544°C (1,011°F)
NOx emissions (with DLE, corrected to 
15% O2 dry): ≤ 15ppmV

Available for different power 
outputs (5-375 MW), revolutions 
3,000-17,000 rpm, 50/60 Hz 
electric.
Efficiencies 0.35- 0.60
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Combined Cycle Power Plants (CCGT)

Primary Stage

Secondary Stage W2

W1

Q2

Q1

Air

E
x

h
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Water E
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W2

Q1

Q2
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Combined Cycle Power Plants (CCGT)
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Combined-Cycle Gas Power Plant (General Electric)

HRSG

Air 
Intake

US Unused potential: Co-Generation (Heat 
& Power)→ Industrial, District Heating 
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Brayton/Joule Open Turbine Cycle

Open cycle (Jet engine):
a-b Compression (x 10-30), adiabatic → q=0
b-c Combustion (p=const.) 
c-d Turbine, adiabatic (q=0), wt ≠ 0
d-a Exhaust waste energy (p=const.) 
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Advanced materials, titanium-aluminide 
on turbine blades, composites + Ti on 
fan blades, By-pass ratio 9.6:1.
Thrust up to 75,000 lbf (330 kN)

Aircraft Turbo Fan Engine

Counter-rotating 
compressor/fan 
turbines, combustion 
(twin swirlers). 

(Shaft horsepower)

../assets/VIDEOS/GEnx_TurboFan_Engine.mp4
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Agenda: Thermal Power Plants
• Operational principle of cyclic thermodynamic engines

 Entropy, heat, and work in Carnot cycle 

• Reciprocating (piston) engines
 Steam cylinder
 Otto internal combustion cycle
 Stirling engine

• Steam power plants
 Isotherms of real gases
 Steam and air as working media
 S-T cycles for Carnot, Rankine, and Brayton cycles

• Steam & Gas turbine power plants
 Combined-cycle

• Chemistry of complete & incomplete combustion
 Examples

• Carbon (CO2) capture techniques
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Currently, in most thermal power plants:  Combustion of hydrocarbons 

→ Heat → Mechanical Energy→ Electrical Energy  

Combustion = reversible chemical rxn 

oxidizes fuel & releases heat energy.

Combustion of Hydrocarbons

Adiabatic
Combustion 

Chamber

2 2

@ ,

, ,

P P

x

Products T P

CO H O NO

Heat( )

2 2

2 2

@ ,

,

R R

n m

Reactants T P

C H

Air O N

+

Insulation

( ) ( )

( ) ( )

, , 0

, ,

= − 

= −

R R P R

P R P R

R R

P R

q h p pT T

ThT

h

h p p

( )2 2 2( 4) 2+ +  + + n m

stoichiometric ratio

C H n m O nCO m H O H

reversible

0, 0q w= =

4 ( 55 )→ −CH H MJ kg

,

→

→

Excess enthalpy in rxn products kineticenergy gas p

heat extern l

articles

Plus potentiall lyusefua

.→PAdiabatic combustion tempera Reversibu e le prr T ocesst

-h

T

hR

hP

TR TP

R

P

pR= pP= 
const

Continuous Flow



W. Udo Schröder, 2022

E
S

T
S

-4
-2

 C
om

b
us

ti
on

18

Fossil Fuel Combustion in Power Plants
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Complete combustion in 
    theoretical air  ath≈ 21%O2+79%N2  
Ratio N2/O2 = 79/21=3.76 

Complete combustion in oxygen 
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In practical applications 
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Heating Values for Fossil Fuels

Thermodynamic Properties of Fuel Combustion in Air (1atm, 250C)

FHV

CRC Handbook of Chemical Properties
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Post-Combustion CO2 Capture: Amine Scrubbing Process

Efficiency of amine process: 90% of CO2 in the flue gas, 

energy intensive (steam: 2GJ/tCO2), =30% of the plant power generation. 
CO2 product purity >99% 
(CC Cost: E.S. Rubin et al., Int. Jour. Greenhouse Gas Control 40, 382 (2015) )

Post-combustion CO2 capture (Coal & nat gas CC plants)

10% 
CO2

CO2 (l)

1100C-1200C
500C

Amine

MEA-CO2

110bar
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Post-Combustion Carbon Capture (Air/Flue Stream)

Main components of a direct CO2 capture process using a liquid solvent. 
Partial recycling of chemical. Energy intense process (calciner).

Sequester

Losses

Capture efficiency
 = 0.75. 



Post-Combustion  &DAC CO2 (Hellisheidi CarbFix/Mammoth Plant)
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A picture containing nature

Description automatically generated

Island: Process disposes of CO2 (permanently) as carbonate minerals in subsurface 
basaltic rocks.  Experimental research: two years after injection, 95% of the CO2 was 
mineralized, contradicting earlier expectations. UNESCO Science Report (2021)

Geothermal Power Plant with DAC-CS

https://images.unric.org/en/wp-content/uploads/sites/15/2021/09/1541936a-fdff-46b3-aec3-e1ac48cdc5e3_hellisheidi_power_plant_-_arni_saeberg_large_0.jpg


CO2 Direct Air Capture (Trials)
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Since 1980s: Sleipner Field 
NW Norway, North Sea 
Oil/Gas fields
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In preparation (testing): Separate CO2 from flue gases, transfer via pipelines or ships to geological 
depositories (old oil/gas wells, saline aquifers, salt mines) for extended time periods ~ 103 a.

IGCC Pre-
combustion

Post-combustion or oxyfuels

Exhausted 
oil/gas well 

Exhausted 
coal bed

By tanker

CO2 capture

CO2 transfer

CO2 storage

Temp Storage
Coal 

Delivery



U.S. Electricity Production 1949-2023

US >2010 Steady increase of primary energy carriers for electricity 
natural gas and renewables (hydro+wind+solar). 

>2030 Large contributions of coal and hydro should decrease.
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+Hydro
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