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(condenser)

411

4.1.2

411

(Diesel Engine)

41

(Topping Cycle)

(Bottoming Cycle)

(Steam Turbine)

(Combined Cycle)



High pressure steam

Electricity
Air L
Fuel Boiler
Steam Turbine Generator
Feed water
Low pressure steam
¥ #
Process Condenser
4.1
( - )
4.1.2
4.2
(flue gas)

(Heat recovery boiler)



Flue Gas

Furnace in
Process

Fuel Air

4.2

4.2

4.2.1

High pressure steam

Heat Recovery Boiler

A

Feed water

Stack
(Low temp, Electricity
flue gas)
. 1 0
Steam tusbimie Generator

Low pressure steam

(Steam turbine)

4.1

26



4.2
4.2.2 (Gas Turbine)
4.3
Fuel Hlectrnicity
? Steam
| Heat
GAS TURBINE "gg sy recovery
—p»  boiler
o Feed water Waste gas

Process
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4.2.3

Fuel Hlectricity

GAS TURBINE '————#»

Air

4.2.4

Flue gas

Heat
rccovery

boiler

28

(Combined Cycle)

7

High Pressure stcam

Feed water

4.4

Hlectricity
Waste gas

STEAM TURBINE

Low Pressure steam

(Diesel Engine)



i Steam »
Heat recovery boiler Process
> -
Feed water Flue gas
R Eagine Coolant Hot water
Air ———
DIESEL ENGINE | B 4 Heat exchanger
m’ ———<——— from cooled water
Feed water
4.5

431

29



4.3.2

(Peak Demand)

(Peak Load)

30
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44.
4.6
Open winch, Rapid
winch Rapid jet
(.2
(.4)
451
ms (hs - hw)
= e e x 100 (4.1)
mf X Hg
45.2
ms (hs - hw) - msxTo( - )
X 100 (4.2)

mf X Hg



Procés: steam generator

S = e

1

L_ 1 |

Process plant

o il |
—(><]—| Open winch J—{><1-| — Waste

water

{><H Rapid winch  [-><H —»

I>< Rapid jet H><H —

Drying machine ’— =

Others I—I——
et

et
|
|

&
@ > Condensate
return
Soft
[ Jwater -
ik e Make up water
4.6
nif (kg/h)
ms (kg/h)
hs (kJ/kg)
\ (kJ/kg)
Hg (kJ/kg)
5 (kJ/kg-K)
w (kJ/kg-K)
To (K)

32
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45

2. Back pressure steam turbine

Back pressure steam turbine

1 Heat match

2. Power match

(auxiliary boiler)

451

4.7



I e e e s e gt i et BL
Process plt Steam type Cooling tower
B! Process plant A e ling
e =
| Cooling
g -ouling water water
l circulation pump circulation | Cooling
B L pump v water
L l q >
Cooling
* waler
s
Radiator
, water, +Feed water
L W
purp
= e ) SOft Waler !
€y feed pump Hot wler




35

(Header) 1
Open winch, Rapid winch
Rapid jet
Steam type absorption chiller
Cooling tower
Jacket
180 2500 kw 160 2070
kg/h 7 kglem.2 85 °c
(method of least
square) (stoecker,1989)
p dlesel = 1195 mS + 43012 (43)
p diesel 0 (kW)
ms (ka/h)

m f,diesel = °-258 pdlesel + °-417 <4 -4)



mf diesel

pdiesel

(43)

m desd = 0.837 Pdesel- 35.981

msdiesel

pdesel

(auxiliary boiler)
Power match

Heat/Power

m ,ax — msprocess ' m diesel

msaux
,process
msdesd 0
1 (mf)
m ,aux (h - h )
MRS He (T)bye 1100)
mfaux

msaux O

36

(Lh)

(kw)

(kg/h)

(kW)

(4-6)
(kg/h)

(kg/h)

(kg/h)

4-7)

(kg/h)

(kg/h)



hs (kJ/kg K)
(kd/kg K)
Hg (kJ/kg)
baux ' (%)
442

pressure steam turbine

48

Back pressure steam turbine

pressure steam turbine

¢ )

3

Back

(Deaerator)

Back



¥

|
O
Boiler
X Generator
2 l_ PROCESS PLANT
—l Open winch Waste
water
Rapid winch
A Rapid jet
—‘ Drying machine }
3 Others b
(D& e 1atoty L
[><]
A 4
QCooling tower
Condenser
. Q&
[ Chamv et I Condensate
——D<— A Q
Soft
—_ & water
make Wl 4z
water
48
Back pressure steam turbine
Heat match Power match
3

18 kgplcm2 (g) (250 Psig), 32 kgiem2 (g) (450 Psig) 42 kgjWw ' (

38
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600 Psig) 316 c (600 °F)

7 kgp/cm2 (g) ( 100 Psig) 165 °c ( 329 F)
1000 kg/h
1( )
1 1000 kg/h

316 °c (600 F)

7 kgp/cm2 (100 Psig)

(PSR)
(kgp/cm?) (kW/1000 kg/h)
18 60.65
32 89.16
42 102.16
Heat match
P rhine PSR x (m/1000) x (7#or /100 ) x ( gensioo ) (4.8)
Pturbine (KW)
PSR
(kW/1000 kg/h)
(kg/h)
A (%)

*Toen (%)



fubne =

mf
ms
hs

hw

Hg

40

Power match

Condenser
TthinexiO00) / (PSRx("Mur/100 )x(~gen/100)) (4.9)
msturbine (kg/h)
PSR
(KW/1000 kg/h)
pturbine (KW)
Mlul (%)
il (%)
me (he o (4.10)
Hy ( /100)
(kg/h)
(kg/h)
(k/kg K)
(kJ/kg K)
(kJ/kg)

(%)



@.7)

4.6

4.6.1

Back pressure steam turbine

46.1.1

(1992)

(Textile industry) 15.6

(Method of least square)

ICdesd = °-01275 pdesdl + 699269 x 105 180< P < 2500 kw

(4.11a)



Ic diesel0 0

p diesel 00

46.1.2

pressure steam turbine

steam turbine
(1992)

178 - 30

2 (Stoecker,1989)

ICtrublre =

+

+

ICturbine 00
ms turbine 00

Pg

TIC = ICx (1 + (tax/100))
TIC

tax (%)

(-2-8721 + °-205914m trubine - 0.000159866ms

42

0 (kW )

Back

Back pressure

Function of two variables

52.6863 - 2.08168m5 16+ 0.00280164m5

J)Pg

(0.0580673 - 0.00342682ms” bire + 0.00000218865mstrIbIIEAPg2 (4.1 1b)

(kg/h)
(kgp/cm2(g))

7 kgp/cm2g)

4.12)



4.6.2

4.6.21

Cfag ° mfcg x FP (4.13)

Cf.ag

mf,cg
FP CL2oN/N)

46.2.2

Cc = 12*Psx* SR (4.14)
Csc « 1)

Psc (kW)

SR (  kw)



4.6.2.3

46.3
(
46.3.1
Cfold =
= mf,oldxFP

Cflly
m fold
FP

4.0.3.2

(4-15)

44



4.633

REgridprocess — ("grid-process x
RE,grid-process
Pgrid-process 0

DCgid-process

EEgrid-process

E"grid-process

45

gidyprocess x 12) + (EEgrij_process x ECgngprocd®)) (4.16)

kW)

1 ( 1)
(kw)

(Demand charge”

(KWh/ )

(Energy Charge)

(

JKWh)



REcggnd - “cg-grid x DCcg-gnd x 12) + (EEcg-gnd x *c g W (4-17)

‘0 RE,cg-grid
Ecg-gnd
~cg-grid
EEcg-grid
ECcg-grid

4.7

(Internal Rate of Return; IRR)

4.7.1

TIC = Rmetx (SPWF, i %, )

« 1)
(kW)
( IKw)
(kwh/ )

( /kwWh)

(Pay Back Period; PBP)

(4.18)

46



4.8

TIC

Rpet ¢ 1)
(SPWF, i %, ) = <(1/100+1) - 1)/ (/100 (1/100 + 1) )

I Discount rate (%)

()
4.7.2
TIC = Rmetx (SPWF, IRR %, k)
TIC
Rret 0 ( 1)

4

(4.19)

(4.20)

(SPWF, IRR %, k) = ((IRR/100 + )k - 1)/ (IRR/100 (IRR/100 + 1)k)  (4.21)

AN

481

(Internal rate of return) (%)

()



4.8.3

4.8.2

220

0.4 MW

4.8.3

4.8.4

. 2537
1

Back pressure steam turbme

10

50

4.8.2

48



485
4.8.6
4.8.3
(Heat/Power ratio;H/P ratio)
4.8.7
4.8.3
(Power/Horse power ratio:P/Hp ratio)
3
4.8.8
( )

Pprocess = P/Hp x HRooess (4.22)

49



50

provess (kW)
P/Hp (kW/Hp)

prooess (Hp)

EEprocess = x OJF/100) X WH (4.23)

E B (KWh/Y)
PpfaceS (kw)

Load factor (%)

WH (h/Y)

mfprocess = WP X EEproosss X 3600/ (Hg xp x  1100) (4.24)

mf process 0 ay)
H/P

EEM (kwh/Y)
Hg (kJ/kg)

P ' (ka/L)

(%)



4.9

2
1
2,
49.1
3
1
2,
3.
1.
20 (HU,Daved,1985)
2. :
41580 kd/kkg (41164 kJ/1) 0.990
3.

( 1 2534 )

51



31

3.2

51

5.2

355,000
(Demand charge)
(Energy charge)
355,000
(Demand charge)

(Energy charge)

( 30 2535)
227
0.85
2535 )
30 2000
31.50
2000
1 45.75
3.50
7 kg/lcm?2
5%

210

107

305

107

52



492

85
65
90
4.9.1
300/ 24 I 7200
70 %

30 C
7 kgp/cm2

53
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