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This training material is the copyright of the European Investment Bank (EIB) and has been prepared by
Ricardo Energy & Environment, a trading name of Ricardo-AEA Ltd, under contract to EIB dated 15 June 2016.
The contents of this material may not be reproduced in whole or in part, nor passed to any organisation or
person without the specific prior written permission of EIB.

Ricardo Energy & Environment and EIB accepts no liability whatsoever to any third party for any loss or damage
arising from any interpretation or use of the information contained in this training material or reliance on any

views expressed therein.
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Module Topics

Policy Landscape & Incentive
Mechanisms for Promoting Renewable
Energy and Energy Efficiency in
Bangladesh

Solar PV Design, Installation and
Operation
Solar Mini-grid

Guidelines for Net Energy Metering in
Bangladesh

Commercial & Financial Aspects of
Renewable Energy

. Solar Water Pumping

. Minigrid

Wind Energy

. Grid integration challenge for distributed
Session 7 RE

Energy Efficiency & Conservation:

Session 8 Bangladesh’s Roadmap

Energy Efficiency : Thermal

Energy Efficiency : Electrical Power
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Presentation Outline

Review of Thermodynamics and Thermal Efficiency
Performance parameters of Simple Thermal Power Plants
Gas turbine (GT) based power plants

Combined cycle (CC) power plants

Combined Heating-Cooling-Power (CHP) Plants
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Energy: Primary, Delivered & Useful

chemical electrical
energy energy

electrical
energy

kinetic
energy

heat
energy
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Laws of Thermodynamics:
Second Law & First Law
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Thermal Efficiency:
Effects of Source & Sink Temperatures
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Components of a Simple Vapour Power Plant

Combustion gases
[ staclk S

Cooling tower
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Schematic of a Simple Rankin Cycle
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Thermal Power Plants: Effect of Condenser Pressure
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turbine efficiency and erodes its blades. In general, x4 > 0.9 is
maintained. Lower P.onq promotes leakage.
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Thermal Power Plants: Effect of Steam Super-heating
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@ Thax T = Wnet T, Ntn T & x4 T.
@ Higher average temperature of heat addition increases nin. Tyax 1
limited by metallurgical considerations. In general, T, = 620(’@
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Thermal Power Plants: Effect of Boiler Pressure
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Effects of Operating Parameters on 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 | 2920 | 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
X4 [] 0.886 | 0.812 | 0.914 | 0.804
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A supercritical Rankine cycle

@ Some modern power plants operate at
supercritical pressure
(P =~ 30 MPa > Pc = 22.06 MPa) and
have ¢, ~ 40% for fossil-fuel plants and
Neh ~ 34% for nuclear power plants.

@ Lower 11, of nuclear power plants are

due to lower maximum temperatures

s used due to safety reasons.
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flue gases: 3200 t h'

steam: 1800 tH'
25 MPa, 560 °C

—» to generator

boiler

turbines

coal: 200 t b ) o
air: 3000 t K water: 1800 thH' Slt;i?é 1800 ¢h

25 MPa, 45 °C

A C{}) — B 33 °C
I water: 1800 th' cooling water:
10 kPa, 45 °C @ /‘\ 56000 th

: : J®_¢|8°C
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—s tOo generator
2380 GJ K'

boiler

turbines

6500 GJ h'
Ll condenser
electricity from {} |pump -~ cooling water:
generator: ~ 3520 G) K
50 GJ k!
=

electricity from
) generator:
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Drum
SH sleam 1. Heat loss from the furnace surface area

to turbine 2. Unburned carbon loss
‘; 3. Incomplete combustion los
r 4 &6 4. Loss due to hot ash
Hot RH

5. Loss due to moisture in air
v / i to turbine 6. Loss due to moisture in fuel
cg?f:::s\ B i SH '; I]SOSS il;lc to comllmsliun generated moisture
. Dry exhaust gas losses
sH 4 “ Cold RH 7 g
™~ 4 E from turbine . .
\\\ ., C AH =) Heat gained by pmlmg w:llter
g —-< = « Loss due to moisture in air
B —I" « Loss due to moisture in fuel
Y Water ™~ ECON> » Loss due to combustion gencrated moisture
walls E Feed
et o] PO * Dry exhaust gas losses
N
Burners lj- —=€—Sa— -~ | \ Hotgas ‘
A Furnace | b Flue gas
(1]
AH
[[L1] = Heat loss from Heal gained
ik furnace surface by
5P  Unburnt carbon supe;;}:gater
losses H :
eat gained by
PA :
i = « Incomplete It €Conomizer
PE - ,_] L combustion losses and
Mills *» Loss due to hot ash air preheater
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Legend

0., — input heat (e.g., combustion)
Qoy — heat rejected

T, — source temperature

T — sink temperature

Heat exchanger or

Compressor“ combustion chamber Turbine Tdeal processes

Generator| _ 3. jsentropic compression
2 = 3: isobaric heat addition
3 —4: isentropic expansion
4 — 1: heat rejection

Power shaft

-

v

Heat exchanger 4
I I Type of the cycle
: & > : Open:1 -2-3 -4

bssmagsseetimans 7N A - Closed: 1 -2-3-4—1
% N Note: thermodynamically open
= and closed cycles are equivalent
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An Intercooled, Reheat and Regenerative Cycle E=ngladesh
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Fuel input
Intercooler
Fuel input 7
HP Reheater
compressor

2 o

£ r

2 E

— T o

‘;F 1, T o

LP 10— \
compressor Heat exchanger 5

1-2 Isentropic LP compression
2-3 Intercooling

3-4 Isentropic HP compression
4-5 Constant pressure heat addition via heat exchanger

5-6 Constant pressure heat addition via external heat source
6—7 Isentropic HP turbine expansion

7-8 Reheat (heat addition — external heat source}

8-9 Isentropic LP turbine expansion

9-10 Constant pressure heat transfer for heating process 4-5
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Performance map of Intercooled, Reheat and

Regenerative Cycle
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Compressor polytropic efficiency = 0.87

Turbine polytropic efficiency = 0.87

0.58
T, =288K - Pr=15p;_
} Pr=10 "' 7T "OPr=20
0.56- Combustion pressure loss = 3% s J’£= %5 -
Intercooler pressure loss = 1% i >4 = o0 ¥
0.54 - Reheat pressure loss = 2% - < P
r= "f’
T 0.52 -~ Pr=35
o TET = 1600 K
& 0.50
) Pr=40
@ 0.48+
= TET = 1400 K
E 0.46
] Pr=45
£
F 0.44 - Pr=50
Heat exchanger (HP) pressure loss = 5%
0.42 - Heat exchanger (LP) pressure loss = 5%
TET = 1200 K Heat exchanger effectiveness = 0.9
0.40 . |

T |
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Combined Cycle Power Plant
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flue
gases feed water  ondenser low pressure
pﬁgp (ﬁ vapour: 22°C
heat < JUUL
combustion recovery b t_‘ ‘ ,_J o
chamber S
esr:::rz'l:;or = river water
natural &
gas high pressure
steam: 540°C
exhaust =
compressed combustion {}gases: 630°C
air gases:
1140°C
generator
oA
L] v
compressor expander turbine dlecical clutch steam turbine

air

gas turbine
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Steam |urbine
Exhaust
15%
% 10% Power

Heat Recovery Q
. I — 44%
(80°C)

Combined Heating-Cooling-Power (CHP)

, = Gas TurbmeéI ﬁ
— -
W* 31% Power
100%
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Conventional generation: Combined heat and power:
5MW natural gas
M} combustion turbine
Power
station fuel Losses (5)
(115) Gas power
> lant VIR
m EFFICIENCY: 48% = heat and _C"“’m
EFFICIENCY: 80% — CHP —
P Heat —» ! <4— Heat —
Boiler fuel G
(100) as
boiler || osses (20) > < Losses (40)

...TOTAL EFFICIENCY... A

Overall energy and carbon emission savings - 21%
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Thanks a lot!
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