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Energy Conversion Performance Parameters

Significance of Effective Use of Energy Resources

Efficiency in energy conversion, as well as an increase in the effective
use of renewable energy and waste heat, are critical for ensuring energy
security, enhancing industrial productivity, mitigating the effects of
global warming, and fulfilling UN’s SDG 7.
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Energy Conversion Performance Parameters Effect of Parameters on Cycle Performance

Effects of Source/Sink Temperatures on Efficiency
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Energy Conversion Performance Parameters Effect of Parameters on Cycle Performance

Temperature, T
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Energy Conversion Performance Parameters Vapour Power Cycle

Basic Rankine Cycle for Steam Power Plants
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1 — 2 : Isentropic compression in a pump
2 — 3 : Isobaric heat addition in a boiler
3 — 4 : Isentropic expansion in a turbine
4 — 1 : Isobaric heat rejection in a condenser '
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Energy Conversion Performance Parameters Vapour Power Cycle

Steam Power Plants: Bffect of Condenser Pressure
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@ Poond Ll = Wnet T, Ntn T & x4 |. Higher moisture decreases
turbine efficiency and erodes its blades. In general, z; > 0.9 is

maintained. Lower P.,,; promotes leakage.
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Energy Conversion Performance Parameters Vapour Power Cycle

Steam Power Plants: Effect of Steam Superheating
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@ Higher average temperature of heat addition increases ny,. Tinaz i
limited by metallurgical considerations. In general, T’ = 620“@
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Energy Conversion Performance Parameters Vapour Power Cycle

Steam Power Plants: Effect of Boiler Pressure
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Energy Conversion Performance Parameters Vapour Power Cycle

Eiffects of T' & P on Rankine Cycle
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Energy Conversion Performance Parameters Vapour Power Cycle

Effects of Operating Parameters on Ideal Rankine Cycle Efficiency

Boiler Pressure [MPa] 3.0 3.0 3.0 15.0
Max. Temperature  [°C] 350 | 350 | 600 | 600
Cond. Pressure [kPa] 75 10 10 10

Heat added kJ/kg] | 2727 | 2020 | 3487 | 3375
Turbine work [kJ/kg] | 713 | 979 | 1302 | 1467
Pump work [kJ/kg] | 3.03 | 3.02 | 3.02 | 15.1
Thermal efficiency [%] 26.0 | 334 | 37.3 | 43.0
Ty [-] 0.886 | 0.812 | 0.914 | 0.804
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Energy Conversion Performance Parameters Vapour Power Cycle

Super-critical Rankine cycle

TA

@ Some modern power plants operate at

» N ~ 40% for fossil-fuel plants,
» N ~ 34% for nuclear power plants.

safety reasons.
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Energy Conversion Performance Parameters Gas Turbines & Combined Cycle

Gas Turbines

AIR INTAKE COMPRESSION COMBUSTION EXHAUST
Continuous

T371 % Intermittent IE

AIR,'FUEL INTAKE COMPRESSION COMBUSTION EXHAUST

A comparison between Gas turbine and a piston engine cycle
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P =~ 30 MPa > P = 22.06 MPa and have

@ Lower ny, of nuclear power plants are due to
lower maximum temperatures used due to
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Energy Conversion Performance Parameters Gas Turbines & Combined Cycle

Gas Turbine
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Energy Conversion Performance Parameters Gas Turbines & Combined Cycle

Steam Turbine

540°C

140 MW
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Energy Conversion Performance Parameters Gas Turbines & Combined Cycle

Combined Cycle
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Energy Conversion Performance Parameters Case Study: Combined Cycle Power Plant

Case Study: Combined Cycle Power Plant
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Energy Conversion Performance Parameters

Case Study: Combined Cycle Power Plant

® 7, = 657.8 kg/s, Thy = 14.66 kg/s
@ My maz = 105.8 kg/s, me, = 10350 kg/s
@ Thz = 1300°C, Thy = 604°C, Tos = 94°C, Toy = 547°C, The =47.8°C

Air inlet
Exhaust

GT loss (0.7)

HRSG loss (0.3)

J

ST loss (0.9)

]

or Qe (34.7)

Fuel (100)

stack loss (6.3)

! A07 War (38.5) Wer (18.8)

!

1

E Heat-recovery OEM Model GT Efficiency(%) CC Efficiency(%)

! steam generator MHPS M701F4 39.9 60.10

g Vapor MHPS M701F5 40.0 61.10

i cycle GE 9F-5 38.7 60.65

i _ GE 9F-7 41.1 61.25

! Pump , GE 9HA.01 024 62.65

| a 0 " GE 9HA.02 4.7 62.75 :
103 i I " Cooling  Siemens SGT5-4000F 40.0 58.70
se= TTTTTTTTTTTTT T water Siemens SGT5-8000H 40.0 60.50

AQ4
© Dr. Md. Zahurul Haq (BUET) Energy Efficiency 9 October 2025 19/31
Boiler Audit & Sources of Losses
Boiler Audit: Sources of Losses
Steam Output
Flue gas loss
loss
6. Surface loss gisture in fuel
oisture in air
C0 loss
7. Fly ash loss
Fuel Input, 100%
Flue gas sample
Air
l 7—)» 8. Bottom ash loss
Blow down
T1757
Bozler efficiency =100 — ) L,
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Boiler Audit & Sources of Losses

The following losses are applicable to liquid, gas and solid fired boiler
@ [y - Loss due to dry flue gas (sensible heat)
@ [ - Loss due to hydrogen in fuel (H>)
@ L3 - Loss due to moisture in fuel (H;O)
@ [, - Loss due to moisture in air (HzO)
@ Ls - Loss due to carbon monoxide (CO)
@ [ - Loss due to surface radiation, convection & other losses
@ L7 - Unburnt losses in fly ash (carbon)

@ Lg - Unburnt losses in bottom ash (carbon)
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Boiler Audit & Sources of Losses

Ly - Loss due to dry flue gas (sensible heat)

Mg Cp g( T — T4)
L = ) 100
L GCV %

® mg, = Mass of dry flue gas in kg/kg of fuel
e C,, = Specific heat of flue gas kCal/kg°C
e Ty = Flue gas temperature in °C

@ T, = Ambient temperature in °C
@ GCV = Gross calorific value of fuel in kCal/kg

A
Mg = | = +1—R— M —9H,
F A,G,D

@ R = Ash or residue content of fuel
@ M = moisture content of fuel

@ H, = H, content of fuel
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Boiler Audit & Sources of Losses

Ly - Loss due to hydrogen in fuel (Hs)

585 + Cps( T — Th)
GCV

L2:9H2|: ] x 100

L3 - Loss due to moisture in fuel (H;O))

585 + Cp o ( Ty — T)
GCV

L3:M{ ]><100

L, - Loss due to moisture in air (H,O))

A Coo(Tr — T,)
Li=w|Z psiif " 100
‘ w(F>A,G,D[ GCV ]X

e C,, = Specific heat of steam kCal/kg®°C

© w = Humidity ratio of air kg-water/kg-dry-air
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Boiler Audit & Sources of Losses

Lg - Loss due to partial conversion of C to CO

_ %COoxC 5654
- %CO+%CO, | GCV

Ls ] x 100

Lg - Loss due to surface radiation, convection and other unaccounted

losses
T 4 T, 4 196. , 9105
Ljpss = 0.548 — +1957( TS_Ta)1.25 96.85V,, + 68.9 W/m2
55.55 55.5 68.9
L. — Lloss x A
*T my x GCV

L; - Unburnt losses in fly ash (carbon)

_ May ash X GCVﬂy ash
GCV

L~ x 100

Lg - Unburnt losses in bottom ash (carbon)

L8 _ Mbottom ash éc,c;‘/C’Vbottom ash % 100
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Boiler Audit & Sources of Losses

Boiler Efficiency Calculation

Fuel firing rate = 5600 kg/hr
Steam generation rate = 21940 kg/hr
Steam pressure = 43 kg/cm?(g)
Steam temperature = 377 °C
Fuel Analysis (in %) Feed water temperature = 96 °C
Ash - 48 %CO, in Flue gas = 14
ioisture N . %CO in flue gas = 0.55
Carbon B 3 Average flue gas temperature = 190 °C
Hydrogen = 2.6
Nitrogen - 11 Ambient temperature = 31°C
Oxygen = 7.3 Humidity in ambient air = 0.0204 kg / kg dry air
Sulphur = 06 Surface temperature of boiler = 70 °C
GCY - 3501 kealkg Wind velocity around the boiler = 3.5m/s
Total surface area of boiler = 90 m?
GCV of Bottom ash = 800 kcal/kg
GCV of fly ash = 450 kcal/kg
11Ratio of bottom ash to fly ash = 90:10
l
[M = 100 - (7.144.37+0.8240.25+2.2+0.3740.62+9.98) = 74.4
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Engine Waste Heat Recovery (WHR)

Engine Energy Balance

Radiated heat (7%)

22SSs

Radiant loss = 1/10

Input, gasoline 100%

Water jacket
(30%)

Exhaust
(30%)

Flywheel
horsepower
(33%)

approximately
" Exhaust loss 1/4 of input
1/3 of input

Radiator
loss

T91s  1/3 of input T919

SI Engine CI Engine
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Engine Waste Heat Recovery (WHR)

Engine WHR using ORC

Diesel engine
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Engine Waste Heat Recovery (WHR)
Engine WHR using ORC
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© Dr. Md. Zahurul Haq (BUET) Energy Efficiency 9 October 2025

27 /31

28 /31



Engine Waste Heat Recovery (WHR)

Waste Heat Recovery Boilers
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Engine Waste Heat Recovery (WHR)

Absorption Chillers using WH
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T272 (b) Absorption vapor-compression refrigeration.
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Engine Waste Heat Recovery (WHR)

Thanks a Lot!
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