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(2) Heat Exchanger
(Boiler & Superheater)

Engine

or _I_-.WI'

Turbine

Feedwater
Pump

Heat Exchanger
(Condenser)

Bl 4-1: Atz 2 fcR 4 Bk
R 2 7 & PiTk(Rankin cycle) 4ot B 4-2 5 ok FIF g BB
4B AR 1-20 Shvp P R NUR A T o B REAR 2-3 0 T s

PG AUIREAE 340 A L AP B T BB EHERE 2-3 e

EFF=45 21 % (Work)/#j » # (Heat) =(H3-H4)/(H3-H1)

AR E T 4 s kT 5 2400psig/1000F R ) A v Bk T RR 4

1.5"HgA » # ﬁ‘%] ~ ek e % 619 BTU/D » ﬁ%l 4174 (Work) = 1460.4-60 =

1400.4 BTU/Ib » »x % 5 EFF=619/1400.4=44.2% -
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IDEAL CYCLE H3

e T ____

h2 H4

/'.h1

ENTROPY

Bl 4-2 : T @2 B £ 7%k (Rankin cycle)

e kT TS

(=)

(=)

Hof R SRR

R A AT RS W ATTRA 5 24 v AR R
L EGE R L 535~565C a4zt 28 377 /BR4 5 16.5

eta FTERCEAER L B35CH L TRA Sk -
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B R RE AR R A R B ARf PE
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(=) @& % f 4c#(Reheat) i 52

TR RIETR Y o 18~26%6FF #-T i b eh 2
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Combustor Exhaust

)

Compressor

Turbine

Inlet
Air

Bl 4-3: F i itk
FoEm AR S RRGFER 12, RS HER 2-3, §HWE
W A% 3-4 fr TR E AR 4-1 e 7 3 TR H 39 7 953k (Brayton

Cycle) /& 4 -84 (»-V ) BB B-F (T -S )B4 7 4B 4- 4 -
@ ©, ©
P \\ T ?)

@

© @
Vv S

Bl 4- 4 : 329 % 5k (Brayton Cycle)
FORESICIE S dod B AL OREH LB hES > FLF IR

el s o F R RRESOEIE T S R TR R S
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F E s 2 359 F Ik (Brayton Cycle) ¥ 53 i 33 Fde™ !
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£ 4 # 5 7% (Reheat Cycle) :
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FRACBE GRS CRAE AT B RORFEE TR

BOMEF R BB xS i 33%~40% 0 T LG g BB
REARRFH O BT LL - S h AR 450 AR R AL
B S B A a R THRE Y T 8 2 i £ 75 %k (Rankin
cycle) » & 3147 P55 & sioaF v & B 1 40%~50% $rxd A 3 2 A E R

41t % 10~14
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DA FRBBEEG24 08
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Generator

Steam Turbine
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L Jﬁﬂ Stack
HRSG || 200F Natural Gas

' 300 F Oil
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[

it % = 4 (COGENGERATION) ¥ At % & 5 ¢ H - B & o R R &

RAF A2 EHREIoRA (T4 DA WD) A v e KIFanhA S H

Aot Rl TR EL fABEE S B AN IRKAPRY
G i o

AR EA R TS TS N AL

1. = ¥a % (Topping Cycle)-& ¥ L2 AR &2 ks Zi4%
A4 R 2424 #Pﬁﬁﬁﬂiﬁﬁfi B A2 > 4B 4-6 o

2. A&I%EI (Bottoming Cycle)-w fc A2 P MAR A% 2 B A 4

TA T RIEUERY EL TG 0 B 4-T e
Fuel\
()
ue Steam to Process Hot Air to Process
®] 4-6 : 77 =4 ¥a % (Topping Cycle)

From Process

Heat
Recovery

kW

O

Bl 4-7 © &% 5% (Bottoming Cycle)
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CRA T R R E RS AT R AR RARY 0
s £ E g Ko FRAZFR2AEZAEICFE > F W

Fopmp D G S ARl R R AT RE R

AT E A AP TS BE R GA LML

[w—

Net Heat to Process (NHP)-i* % & 2 stz f §42 =
Bk TR Alies A RS Y e i 2R B
BALET RARRT o SR F R B iR
IR w padFE T E2 NIP -

2. Fuel Chargeable to Power (FCP)-jx & £ 24 s Siip¥t @ ER
#E oz g “/$ HF A R T R
(incremental heat rate) > # 7 5 Btu/kWh -

3. FCP=(Fuel2-Fuell)/[ (KW2-AUX POWER2)- (KW1-AUX POWER1) ]

AR T RIeL £ BAFEZ AT E L AR AR
F AT L i AgeT L
Lo 2R TRAR A & R ROR B ~ 2 65% 0 27 A A BT A ik 48)%

ShYp AR MK AF A ik 15% 0 R AE R ik 2% F14k 350K A 4
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AREZ ARALTAREERY U RBL BT A R 2
65%"% 1 16% - %d AR S 1T T & 4k Kz 4 B(Heat Sink)
RT RGBT AED B R EF WS I WA oS R 84%%
T 35% - P tRiEm & B (Unfired) #iw e f il TR £ 24 b &
PINA A 2 B iE T EAR S AT ALE 7T0% 0 $ X R F B0 STAG
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% /]5%’]3&/%?# 4 RRZTRER 0T L

1. 24 FH#E v F(- KEY 210KW/Mbtu/hr)

A F FHmBTT A LR BE A WA R 4-8 {r B

4-9 -
Straight Single Automatic Double Automatic
Non-Condensing Extraction Extraction
Non-Condensing Condensing
Steam Steam Steam
— KW == KW > KW
\\ \\

‘.L Condenser
Process Process Process
Steam Steam Steam

Bl 4-8 : T #mid 2 ik B
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(A) (B)

Fuel Fuel

Generator Generator

Low Pressure Steam Turbine

Gas Turbing Steam to Process Gas Turbine
Steam to
..... Process
HRSG HRSG
(C) (D)
Fuel
Fuel Generator
Generator

Steam Turbine - Steam Turbine

Gas Turbine Gas Turbine
r Steam to O ‘D Condenser
| Process - HP Steamto
HP LP HP LP ]——-LP Process
HRSG HRSG

Bl 4-9 © §F Fis2 i B
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# Pm = Constant
Pacc = -APe = -AL
Aw(t) = (172 § (-AL)dt = (-AL/2H)t
Pl w(t) = 1.0 - (AL/2H)t
EEF SRR RRBREP LR ERE P
w P (f) = L(f/fo) = L(w/w0) =L =Lo" >
s sk fg = fo (Hz)
¥ L=P.(fo)

K=0Z7REEyif #HEEi{KERIBWIEI 2 2

#H% 1L0=K=3.0 4F 53 -

531 29 5 PRHM
f R (f k) f e A e D (Load Damping

Coefficient) % 7= » #- P, = L(f/fo)" »* fo Aus i i 7 3

44



D = APUAT =(k/fo)L  (MW/HZ)
FEE & S L 22 54c Bl 54 B 5

() =1.0+ (AL/D) [™*-17 (pw)

time

2H
T= o sec.

B S5-4: fRREE & = IEREH
HE T S AT a2 i 8 (Isochronous Governor) % ¥ i :

i# #% (Normal Governor) &« = 23 34 i # (Droop Governor) o
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f, m
1.0 1
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I
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0 1.0 =)
No-Load Full-Load
@55 l F’%t?bﬁ 5}2 ;4;}-:"‘]“}

¥ i3 i 8 (Normal Governor) ™ &£-;% 3 i# #(Droop Governor)
2. % %-#(Regulation Parameter)R =
R= Af/ AP (Hz/MW)

f& it P-wz T Z-(Droop)#F 2 > d it k] (Proportional)iy 4] # (T &
25 R AR AR 5L Afsso a5 d vt BIfE 4 4] (Pl-Control) ¢ i#

% { % (Speed Changer):c % 2 f §

\\\?{r

+ 2 %_ig (Load Reference

Setting, L.R. Setting)z. & i}’ ",f 4§ 5-6 o

Integrating

Control Action ™ fa Initial Setting of Speed
of Speed Changer (L.R.,;)
Changer
Final Setting of Speed
\ /Changer (L.R.59)
1.0 f-—---—--—- Wl e
~
~ IAf
1. AF o2 A= P
1 1
ool
: i
0 P, P, +AL P

Bl 5-6: T EAREPL A R
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RACRFNTE LW ARG > pse AR EF 5
1URys=UR +1/Ry + ..+ Ry (MW/H2)
G A F AN B = (URy) +D  (MW/Hz)

,J «u_»é';\‘ lL 291‘5}@‘1 Af— AL/B

p B T 4] AGC(Automatic Generation Control) 3 — #2414

() aFEFFmgF gl v g -
Witz pEETEHL R 2 AT ER LR PP

DA S =1 i Rt 7 R ;%’ d 2 3% g3+ (Primary Loop Control)z.

PN

R AAE S TARBIef PR B8 T g BT 8~10 4
2 AGC & =t i B 47 4] (Secondary Loop Control) & # 24 47 ]
(Supplementary Control) » =t 3% B3] 58, 3¢ Mg 3 3w Bodmd) o fmdld 07
ARG 12548 B 57 HFLHAG LAEFRAR > L REF

THez M4 REASA LM E S A (Incremental Cost) ™ iF i o
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ALFC loops AVR loop
r —A N —A ~
Secondary ALFC loop
— : Voltage error V] et
Tie-line — K\ ~—
powers ] Primary ALFC loop
: N N Amplifier QT__[Comparator
\\ Speed Speed  Hydraulic Steam Exciter I'V'I
Integrator\ changer governor amplifier +«— or o
\ hydro power
\ AP.os AP AR, —
- * > > > > Control —
\ valves or Exciter
. \ . gates
Slgnal N Speed HydraullcT Turbine power) Field
mixer N n power APy circuit
Area N -
control N &+ -o o
error (ACE) \\\ Rectifier -
N Speed and filter
f s ; ap
N\ _sensor Turbine Generator N6 I
~ ;
~
Frequency \\' Transformer PT
sensor : .\ \ 4
P
. A o NN WEL
H o — 3\ WP
Central Control | W WA .
: \\\ Bus / \\\
|
\
) APK Local L

Bl 5-7: p &% T4l

% B 42 £ ACE(Area Control Erron) * 12 & & & &

2. F R AH AT

1

load To network X

s

3

—=\
S
H N
B
Ja

ACE=T-To+ B(f-fo) (MW)
= AT+BAf
= AG-AL+ B Af
B8 = Bsys=(1/Rsys)+D (MW/Hz)
A2 p AL

PRRREINTA

T = Fwmdesz iy
f = 9% s

FHEIATRTE RS ADFELL FBsys w A B E R



B 58 B> # 5 4E ¥ ik £ T #(Frequency Bias Coefficient) o
B=Bsys = 8sys=(1/Rsys)+D (MW/Hz)
¢ ACE= AT +BAf (MW)
-4%m 3,8 ACE>0 22 #7828 ? ACE<O0O£AFTE* X
ACE=0 £ E# T BB F 0 87 A8 i npsk 3%
HRERELHET A EVRELEIRHTS -
(MR RR 4 vH AL B € NERC(National Electric Reliability
Council)z #4144 7 B R R 2
(—) 4fREFHRET - ELomsp ACEREL G - v E >
ACE * &~ 482 T3om da 3% ] » & 30 2374 @& Ld» =r
da<Ld (MW > £ &3*5)> » Ld=0.25AL+5(MW)> AL
I EE R B EEEE FE NS Y
AL b

(Z) % ACE 234z 3Ld p¥ > £ £ - BFHRF L > % Siie
WRAKRAET > RS2 ACE L A mR R Ew IR
AGC 2 1§ (T F 30 F 45 4 — A dp TN

BB RS ARS8 BEA T WA T T2 d R
o2 S AL SR BRI B RERIEL S

ACE; = ATy +BiAf  (MW)
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ACE;= AT, +BoAf  (MW)

AL>0
Bl 5-8: % B3 i % & B
HER2Z ZEIHFH L T1+To=0 FAT1+AT2=0
1. 4 s e $0F s w3 AGC # %, B
Af=-ALI(B1+ B))
APgi=-(1/R)) Af - APg=-(1/Ry) Af
AP =D; Af > APL=D, Af
ATi= APgi- AP =-81Af
ATy= APg-AL-APL,=-8,AF-AL
AT;=-AT,
2. #FAGCHLD b T3 4 1
D). #FF-°FIHFTEMREFTE)ERE {5~
2=
ACE; =0 , ACE,=0
APg1=0 , APg= AL

AT;L: ATZZO
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(2).

FRECC RRAHTE(HEG E)RRA L

ACE; =0

ACEy # O(# T %3 1 5~ @ it ACEx #-m /2w 1

BRSO R > g e Py s P v (4 2N I Rk
Jis D)2 Hi 4 Pgp 1@ ACEp =0 f&fi k7 d T4
A

ACE1 = AT 1+ B1Af=0

AL-APgy =AT1-Dy Af

Hf2t A REEHAF AT 40

Af=-(AL-APg) / (B1+ Do)

AT 1 =-B1Af

SABIFF f BREPIR T AT PR ST EYY
G L

f=fg+ Af

T1=T10+ AT]_
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P2 = PL2g + DoAf (PL2o=Lo + AL)
PL1=PL1o + D1Af

Pc1=PL1+T1

B4 w3 - 245 5 IR £ T 8c B (Frequency Bias Coefficient)# 3 4

d HBE- e R (éiki‘E%\?AL)’@’zﬁ/? e °

ToTEARR T RAF - e & Tay
(on-line)& " £ J% | (committed) =L # 4% % > # H production cost & |

FH AT EE VAL PR BT MW 2 oo 7 5 30 T s

TEAEFERE AP o 7 22§80 start-up 2 shutdown = A& > 7«
% % & spinningreserve o' AR | T A kA 2 P ises L4

kA L EpE S TR
3% e f T AEAT A P T P+Po+ . +Pn=PLOAD > & * -
7 p S#c(Lagrange function) » #5854l & A FT=F1+Fo+...+Fn &)
7] dF1/dP1 = dFo/dPy =... =dFn/dPn= )\ > 2 75 f &8 4 4=

I 2 VER S A Ap EpF oo

Fot % natisiody» 2 gkt & o §/hr
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Pn: % n%ﬁﬁﬁ.éﬂﬁis?]ﬂi » MW

A P9 p fdc(lagrange multiplier) » 2 & & 5§ 2 kS f
Hido— BH P BB AR S Bhre 4 g i R SR A P
T Pi+Po+ ... +P=Poap+Prloss’ B&* % p S#(Lagrange
function) » #3782 A Fr=F +Fo+ ... +F &) i+ 3
(dF1/dPy) [1/1-(a PLoap/ @ P1] = (dF2/dP5) [1/1-( a PLoan/ a Py =...
= (dFy/dPp) [1/1-(a PLoan/ a Pyl = A

Ln = 11-(aPioa/ @ Pry% 7 % n %4 22 5 & 4% (penalty
factor) -

TR EATERREFS AF NPl S AR EHETFE
(penalty factor) 4p & p¥ o

@ Propo/ a Pn & — 1 {%] 60 fost (o i JUlefl 5 iﬁ»ﬁﬁ%?#ﬁ
% 5 aPloap/ aPr>0 T Ln>1 457§ Pn3 4 B > Proap 7 3 4r

SP R P s ik dRY/AP, iR b 0 Pt R e

BET A0 N e RN B ¢ s R
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R
(1) Rz 5
sz (LP)
-2 ¥+ Quasi-Newton (NLP)
-2 32 Newton (NLP)
-p ¥ngk;x Interior Point (NLP)
-3 #l5x & Genetic Algorithm (NLP, IP)
Bt T 4 i OPF b — 427 4 155 PF % 1 f(x,U)2 h(x,u) = O
2 VUHEE o — 4@ o OPF % - BAspb d i B4E i OPF 7 14

AN > OBtk OPF 57 A 4r4) 2 i ¥k o
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MAT A IARFR 2RI G ARET Uy v L EHF
é\'ﬂ\‘ﬂ?fﬂ;ﬁm-ﬁ‘ ”I(_‘,_ IE' H;‘b‘? :};\P‘?"’]{ﬁﬂ—mﬁ-"\ﬁ‘j‘\ﬂ#’w

fe& ... % ¥ 4I* 3 &8 # (Cash Flow Approach) % 4 47 » T3 d &

i
=
p

BEpo Fddferfrd it B2 % 58 IR
GinE L BB AR AR E T A ER o

A- X E A F o & ARE R 45 vz P2 (Payback Period
Method) ~ 3 & ;% (Present Worth Method) -~ # & ;* (Annual Worth
Method) -~ & % & ;* (Future Worth Method) - AN
(Rate-of-Return Method) ~ F: £ = &t 5 (Benefit/Cost Ratio) ... % -
AR BERET A GARER] > dof PR WTPREEE Y R A B 4

2Z LB E oty oo Lo kv i) FTEARE SR A

LR

L

Mircg a1 £
e B-F A IS DR AR BE o BT 5 E(Present

Worth) ~ & % i& (Future Worth) ~ % & & £ (Levelized Annuity) > #p B 3+
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4 Fl(Compound) % 7= % # 15 5 ipF MEP ~EF B3 AKX
n& 438 F> % F=P(1+i)n =P(F/Pi,n) -

tr(Discount) 274 #JIF 5 i AkEnE L FE

B3I E P~ W P=F/(1+i)n=F(P/F i,n) -

# 41 # 4 (Compounding an Annuity)4p % #f ¥ p 2. # % 4

ENF N BB AAEZAHEAT ARENELR

& %p F» 7 F=A[(1+i)n-1]/i=A(F/Ai,n) -

£ £ 48 9 (Annuity to be Compounded) # k% n# 3% £% F

ZEwnEFEZFHEEAFI/[A+)n-1]=F(A/Fin)-

# & 2 3L iE (Present worth of Annuity) % n & &% &2 i 2 &

& A EEAILE 2L E P=A[(1+)n-1)/i(1+i)n=A (P/Ain) -

e 2. & »x & £ (Annuity Equivalent to Present Value) i i 2.

ek k& & A=Pi(L1+i)n/[(1+i)n-1] = P(A/Pin) «

_H?.

23 % it & (Uniform Gradient) /) < 8 fF p $t- © wH T F &
A 2 & & ¥ & & F 5 G > H X o R E
P =[1/(1+i)n][G/i{[(1+i)n-1)/i-n} -

A = #kc 7| (Geometric Series)Ak=Ak-1(1+j)>» 2 ¥ Al % ¥ r ik

;’—'J“ - £ F'Xf i (SR W N -,’f—'?éi“é‘ﬁi -&i‘ﬂét(l"‘j)f% » ] H

.1 P=AL{L-[(1+))/(1+D)In}(i-j) » B n & i5 & & F=P(L+in »
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AT REALKE L Ao
i %‘—:,'fr' R Fa
47 % (Depreciation) L% ¥ % ¥ # ¥ £ 2 § B> F o T
Depreciation = return of investment » R F 4 7 & © AT EFRT £ 7

Ay

TEF WA o dTEE 2 N
(—) ™ 47 & (Book Depreciation) & £ & E 47 E 0 47 &
KAhERL Gl BEEITEIE 97 SRA H REA
BRI E CRIITERT AR EENIT RILT L -
() ##H#F2 e 47 ¥(Book Depreciation with Reinvestment)-#+

ERITEFRTELRT O RERAREF 200FE RIT

EAPE - FHRF IR BA B RS AED 2 ITER

b

(

) & 37 7 A & (Book Depreciation With Salvage) # & % »
S EAEBFRA N A TR LT E e By U R
Mo TR AL BRI R R R ITET IS A v
#r"‘ﬁ%ﬁ% [
¥ & » jz(Capital Recovery)% m* &k # F F &2 AP L G & * F 4

Pt BT w2 47 0 F ~ v fc Fl#(Capital Recovery Factor)

%= (AP i,n) =i + (A/F i,n) = return on investment + return of
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investment o F A wfx ¥ d € FELELE 1 ARG AVELELA W3 4o T

()
HF AP REH S

Capital Recovery (P.W.)

X 3)(Form X )4 6-1 -

= S ALL X[ i (PX-DX)+(PX/LIFE)] (P/F i, X)

He X= EAHF
PX= 8/ Xp2ZRE

DX = 7 {5 £ F

X 2 B %)

Return to investors

-

[ =i(P,-D,)
7{_ﬂ_ﬂ——g_
$ 7.
Qrﬁook depreciation
Py
§ B LIFE
|| Sb | [ |
0 X LIFE

HEAw el EHS

Capital Recovery (P.W.)

Y 3] (Form Y)4- ] 6-2 -

=Y ALL X[ i + (A/F i, n)] PX (P/F i, X)

He X= LA
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PX=#HfF XP]2ZxE

2;fgm

N\
\/ (A/Fi,n)P,

LIFE

AL RA- L BERFERET - REARERZ 5 g UTAM

o

(Revenue) -

# 4 7% (Inferred Analysis) @ B3% - & 4F p* 5 (MAR)fr3+
PlREFR IELT *EERE FEY o
2§ A 192 (Actual Analysis) : 3F 2 jc F frst SR S 0 @ F
F1ERE FEY o
FANLZR=0&M +D+TP+Ti+I+E>H? RZTIF

O&M %7 @it %% +D 47 EG 478 TP £ 7 F A

Ti 2z~ | &5 & B 5 > & 74 » (Operating Income) ¥ ** R —

(O&M + D+ TP + Ti)» ;% 4= » (Net Income) % ** R — (O&M + D+ TP + Ti+

1) 2% & i 4 ¥ (Equity Retun) E=R— (O&M +D + TP + Ti + 1) »

FI* e FZ P BN EHRFT AR T oor o 7H*E+1+D=R-

61



(O&M + TP + Ti) -
BE A B F P F S 2 (Rate of Return on Equity Approach)
Hieg RN EHFAERFE=R-(O&M+D+TP+Ti+1)  i&

BEFHRPEREATL e L A4 {5 HIRAEPFF LU LT

h

Yz & 7 £ 2 (Revenue Requirements Approach) ¥4z * 4%
FETF R=0&M+D+TP+Ti+I1+E>» 2G| 2 #Fud E> 4
RETGEY B FZ TR adiph i o :f%irééf O&M 7
o FrnAA T AAE L S AT S M ER R ZERSF

' % = ;% (Fixed Charge Rate Method) >

(¥
=

R = O&M + F (Capital Investment)

& R=0O&M+ (FE+FI+FD+FTP+FTi)P
BY P= g AT
FE + Fl = 12 £ (MAR)

FD = Sinking Fund Factor

FTP =7 & fa.%
FTiz forfod s & A% % chy &
BEAR P RS A 2 S o IV ARG AR T F Ak

AT E - B RERERR AL ARFTFRTRY GG 2
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