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Reaction) AS>0- - v F HEY » AS=0" G HEA
S<Oehk v g4 » @ Flfsar ¢ » v - B2y

Pk WHF 0 Wk p=W/Q p e TER

oA o 5L
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iTx o
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A FEE /R

# 4% Bk (Rankine cycle) ®_V 4 F g ¥ & * 95 34 G
AR IZE AR 0 B AT kB2 P-VS-T REl4c™ > A
W2 ZU G IEAE (Working medium) > T & 4hp o
KRBT ES G 0 & 5 B B2 4o % T (Saturated Steam) —
£ (54 B(Superheater) Bz 7' &4 it > = 5 B B~ B E 2 EH

7 (Superheated Steam) — & » [T #54% » @ doa I 2 R (S
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ab % FEE KT F O - demTFEMEDZ BNES -
BRTESKINBRAGEERNEE - efEREATTMMDER -
o T R X 8 AR faRE T A T T B BRI -

B 4.3.3 £4 % P-V AF 2 S-T 5 F
B.& 2 %
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CEREN LA BREERE L R kL L R 2

o
P
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&
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% ¥ & 4 7% (Rankine Cycle) » #-§ iff # 1% (Gas Turbine)2 #* §
(B 4 )GEh PR~ fiwjathp—4 2 B RE MR FIT(6—7)
—f fad 3 R E R 27 #5518 (Steam Turbine) % %k iv 1 (7—
8) MATF T W2 HT N TPIFH G FTTELR
B (Condenser) 4 #r (8>5) — = 4 4 s k4 k (Feedwater)
GREEE Y BEE T I AR R SR R
Fints e i i e o b R ALE A ARE T -

EEEERERE

HER

ER l,bf:ﬁl#:_l [ DERRLTH
@ D _I Em e

—
RS E ®
BRI R ——
(Combined Cycle) -
= (1) s @
1500} 5
A

mm%ﬁﬁ?
%

500 - i
1@ i@ Entropy
3 5 3 (kcal/kg “k)
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4-4 R3] 81 A2 e Ak

PR P RS ARE R R AT PR PR
2.2 2 ¥ ¥ /&% (Utility Economics) — ¥ 22 E £ F
ERFFEFIARATENEF AR FEZBLETRFTHE

4 B AR RS R 0 1A A

—

T1E o Rapi
ERTACE S REE AT g,ﬁ;géf‘,? o %@‘%*; o
3.8 vk mﬁ%l T 2 7 3] (Strategic Transmission and

Generation Planning) —f* H#& 7% & ~ 4 EARREIEIC Y 5 N

P 2 T L AT LR ST o TR & RFER]

2_ % ﬁﬁmzlﬁz?ﬂ’?ﬁﬁﬁ*ﬁfb"ié
P RRF A A P s v LR R E L B

¥ [ * 3 & i & % (Cash Flow Approach) & & 47 » W fin g 1% & %
H
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:# (Payback Period Method) ~ 3 ig ;2 (Present Worth Method) ~ #

i ;% (Annual Worth Method) ~ 4 % & ;2 (Future Worth Method) -

# F ¥ ¥ & % (Rate-of-Return Method) ~ /B = & 1t & ;2
(Benefit/Cost Ratio) ... & 5 738 ] NI A o om
A 17 R F R Ade s 4 1702 (Inferred Analysis-% €35 ¥

F) e 27 & 7% (Actual Analysis 3¢ 7 T &

N eJ— "': / y" .
T3 e 7

R

3

FHIEME) - a0t FEREEHET S

/{v\’}’?/z‘ ’
AR I EREEHFEYEF AN LA 2BV AH

L E S RAR=0&M+D+TP+Ti+I1+E) kA 47 » #

g

® Ri71cE "OKM %748 % 7% »D&7Eni7E TP 4

TR AR O TIAT e R 127 REJIF E&7EFiTr o

LA FAf P A AT A

Assets Liabilities
Plant at original cost Equity
Less depreciation reserve - Common stock
- Paid in capital

Net plant - Retained earnings

Total common equity
- Preferred stock
Total equity

Long term debt

Construction work in progress
Total plant

Current assets
- Cash

- Accounts receivable
- Materials & supplies
- Other investments

Deferred debits
Total assets

Total capitalization

Current liabilities

- Short term debt
- Accounts payable
- Customer deposits

Deferred credits
Total liabilities
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:f)\

12 ApR 342 e
## F1(Compound) :
EQIF AP EPAE @A K ¥nE £3F

F =P(1+i)*=P(F/Pi.,n) °

373 (Discount) :

L
=

—\

EJIF i Ak ¥nE £FFAE @3

P =F/(1+i)*=F(P/F i.n) °

4 41 £ (Compounding an Annuity) :
EEP2HROFAPEAHFAS PIA R SnERE

R F=A[(1+)"-1]/i=A(F/A in) °

£ £ 4f $1(Annuity to be Compounded) :
AKREnEREHF T EPnEF E2 HEFHE £

A=F i/[(1+i)*-1]=F (A/Fin) »

# % 23R & (Present worth of Annuity) :

*EZ2HHFEEA(ENE) ZENP W 2R

L
E E

P=A[(1+i)*-1]/i(1+i)*=A (P/Ai.n) °

44

I & st & £ (Annuity Equivalent to Present Value) :
MEEAKRE &

A=Pi(1+)"/[(A+i)*-1]=P(A/Pin) -
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7. 323 % it £ (Uniform Gradient) :

>
2

i S R RT EALS ER A G S

»2 I @ PP=[1/(A+i)"][G/Al{[(1+i)*-1]/i-n} -

8. A e #5|(Geometric Series)A=A (1+)) > 2 7 A%

LA

T’m}%

Eintez o) o B HE ER A4 (1H)B >
Al E IR @ P=AT{I-[(1H)/(1H)"}/G-) » Bne 5 5 4
F=P(1+i)"» =¥ f&2x kA k& £A -

@ ¥ % 37 ¥ (Depreciation) ™ - F HF K T & 2 § @

iz ¥ F ~ wjz(Capital Recovery)R| % 7t 3

& &1

£ i

ﬁ}vu
=

RFEFATH S RPEF w e 37 0 B v ofc Fl i (Capital
Recovery Factor)=(A/Pin) =i+ (A/Fin)  #p k45 73 387 & 4 ¢
1. *& & 37 #(Book Depreciation) — & & 37 540 % £ 2> K &
EEERRIF O RFITEFT AE RN RAT A -
£ #HF e m 47 E(Book Depreciation with Reinvestment) — &

# R3]

-ﬂ-‘r!r

TELRT REXRFREF 23002 R T

e
Rilid
>y
>
as}
>
>
o

F R A IR S R S AR 2 AT

a3
(B

ArS
&K

FYERATD R VRA R 2T A

o

a

ARG R R R RAITERT £ -

3.tk @ 37 & 7 A @ (Book Depreciation With Salvage) @ #% & 3
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4, ¢ HREEZ T Aw ot (X))

PW.=" x| i (Px-Dx)*+(Px/LIFE)] (P/F i, X)

He X= 2 A F
Px= # FXp 2.5 B
DX = I E % & (¥

B X 2 B )

-

g
=1(Px-Dx)

I —

Ml
/ = Px/LIFE

5. 1 ARG AREET A v ez ME(Y 3))

PW.=3 arx[i+ (A/Fi,n)] Px (P/Fi, X)

Hoe X= & A1dF

Px= #HFXp} 25 E

ﬁﬁ%%?ﬁﬁ?’%ﬁ?%?iﬁ’—%#ﬂ”%ﬁ?

Ik

g

RAE » Tt 20 JUORER e T e 2 sk iR 0 e jTd A

f* & L.O.L.P(Loss of Load Probability)i# & i% 1 % i 3% f & st

$
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T8 FEx4T

7

(D1935 & 2 TP 25 R RRF 4 HL3

LR AEESTER A THRURBT F o LY £ R
SORIRARETF T E A RPY L AT FF (Y F)F R

PIE A -
(2)1978 & 2% % £ ¥ $lsc ¥4
PFNFFAAL NS A ERTER R BFEF EREAT
CE - N

(3)1992 & & Frc % -

il
(4)1996 & FERC (% R ¥=Ni k¢ 414 B ¢ /Federal Energy
Regulatory Commission)Order No. 888 : 33 4]+ & ]‘»ﬁ;‘l TR
DT BRBPFE T G R B

IR

I R R R

(5)1996 FERC Order No. 889 : g 4|+ & & * e 2 ik H 2

TRERTRETS ER AT SRS S TS

L

AATIRR AT K e

‘\

(6)1999 # FERC Order No. 2000 : £ = % & i*ﬁlza] NN

2k ‘l

Y
= =

FEE o e

FIEE 2 b2 kS8
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R I S L R P PRy P

(7)2002 & FERC #1525 3-(SMD)=& 3+ 2 % R A0 - = B ik

(8)2005 & FERC 7f #4537 -2k 2 (SMD)i& » ¥ % 4a s h £ -
PHERA 9T 16 BRB SEZADT AFE LB
g jh = ﬁs?] Tk ALiE 1 ’f# (ITSO, Independent Transmission
System Operator) » ¥ & 45255 2 2 b2 i bui8 & 48 4(ISOs,
Independent System Operators) ~ ¢ 114 & 2 ﬁg?] % = # (Transco,
Transmission Company) > % H v Ap B cnficd] » p w2 5 5 B
ITSO(¥ k2 B 13 % T £)° SR 1T > i 4o
(1) 4 M = 5Li8 & 8 H(CALISO, California I1SO) : B 2 2badk
ﬁﬂmﬁ e P % FOEEAR S ER R

o LHEEIE R wAT T ST T 4

i3

g 4 % % #r(CalPX, California Power Exchange)z 4 B e
P2 e BEES - R He

Q)% 4 ¥ LA+ ¢ ISOERCOT-ISO): § # 10 i@
A BB R 2R Ak ehE > s@'f%gﬁ]qﬁ B g
GREEE TR IR

(3) #7# # i ISO(ISO New England, ISO-NE) : #7437 # # # 7
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4 7t 4 (New England Power Pool, NEPOOL) » ¥ IEJ_%?]ET: %
.?fw;é«%ﬁ,%‘j:ﬁ: » 2T A AR Ao

(4) = 5 ISO(New York ISO, NYISO): NYISO % 1999 & 11 * &
o B NN SR 2 B BRI T PRI

(5) % = B g5V 74 4 (PJM Interconnection, LLC (PIM)): & % '
EF B L FUER PIMT AL A B ALY AR

"‘;F: ,‘\ ‘j—u ’ i}% li";ﬂi—j,;\ﬁﬁ_,mt 4 ’?— EEJ_'— ﬂ% ?pié‘ﬁjﬁ%]? aFlﬁ’ :})“ A

FBLLA S R Ei2p 1965 &# B4eF 25 (s » S0 1991

EWFLRG L ER S AR SRR TR

L2 304 > pd (L2 B iz m o Rpd itz F B Y
FRESBETHEN DTS p L LI H G - R L2

AL e
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0.05%) ~ 2 %% 24 e SRR M4 A A) EI\IL,;: 3 r‘%?ﬁ.

A AMEF B e S s KT R EarH F il L LAk o

T EET > o F 2] 55 8 2 ¥ (SpeedGovernor)
B #% 7 #5741(AGC : Automatic Generation Control) ~ 5733 B 74
(EDC;Economic Dispatch Control)» & »x# F P 5B 474 8 B B 2D
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. §'(Load Shedding) ~ 3§ jp % T £ &4 "% Mk TR 2 &0 fi T B4 f
g
(Dynamic Shunt Compensation) % if =

oY P RRR o FTE FHB LRIk U ks

MR = (AL/ZH) » 3 ¢ S5 P > f e L on (D =A
PUAT= (K fo) L) i i 4. 7% et

# FPL(f) = L(f/fo)* = § & (K .
1] v
" Igcntor Load .
=Z e R JEE LR | b haracteristic
; g §§594 —————————————— £-
I (4l
Losk=30p Rl e |E L 0
) I I
I I
kot B s @) = 1.0 + L o
) L
(AL/D) [exp™?M-1) 4o~ § > P
MR TR R Ao T A :‘«,~’P1§i§l a1 o
A
[
T=2H/D SEC time
1.0 ' >

10— (ALD) Nt —_

AEW G S AR TlaE B #(Isochronous Governor) 2
¥ A& # i % (Normal Governor) & T = ;% 3 i # (Droop
Governor) °

bt et ,;l e o d _%f E’. ﬁg(/ﬁ%ﬁ&)j\p% H ﬁ. %i‘EF“
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St ATLE S APERCE AL PR B G R

WarEi Rt FAE - FHEFY LD 2 (Normal

Governor) & T £ ;% 3 i# % (Droop Governor) > B 3 & % ¥
(Regulation Parameter) R=Af/AP> F T # & 33 NIF T E

BAE R
m i E R F L=1/Ry=1/Ry + /Ry + ...+ 1/Ry
"SRR L = (1/Rsys) +D
D E R PRERLAT=-AL/B

mop B T AGC L& P oenth sy b MU FRITI T

B X RERET Y P AF LB T ENERER
—@ag’y%ﬁiﬁﬁﬁﬁ,?%ééﬁ}ﬁﬂgiiﬁ%

FAITAEBIof TAFE) » B Er G RN 8104 -

3‘/

2.1 R =n sk B e ir 4I(AGC) > Bl E T g R Y
BORFINAFIATERAR D ARLFTHEL N4 5 18
Himnhip &3 £ = & A (Incremental Cost) ™ 18 #& o
ERAREHFFERI P TREBEFAE - o
committedeX 4 # % > i H production costi ] (% % & %
start-up ~ shut down= # > % spinning reserve) > ;& & ;2 | % %

B 45 T4 2 W & A 5Pt Py, Py, ..., Pyn) > @ B 815
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i* :";« @(Pgla PgZ, ceey Pgm, Pd, PL) = (0. F* ;J[»iﬂ}:)’égp p Lﬁ’:ﬁ'{
(Lagrange function)éc » Lagrange mlﬂtipliers Ao EE

L (Pgla PgZa L) Pgma Pd) PLa }\') =
Ft(Pgl, sz, ceey Pgm) -\ () (Pgla sz, ceey Pgm, Pd, PL)

% oL/oh=0 % oL/oPy =0 @ 5|2 4] én

dr, P
.. ) . +A—L =1,
Coordination Equations : dng apgk

& 5 kIS ez 8 F]% (Penalty factor)

1.0
F, =
1.0 - 3P, /0P,

’

dF
.. . , v k _
P /o Coordination Equations# T & & d PR =4 .
gk
L) ) dFy
dP, dP, dP,
(R/MWh) (RIMWh) (RIMWh)
|
i /
P, (MW) P, (MW) P; (MW)
-+
+ —~ t
E \
\&/
— Pr=P;+P;+ P,

Bl452 AR e RN T L E

RALREF s H S R f 0 HHETE (penalty

FITNS

factor) ApEpF > FRWHAA AT TG (S E)-
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Regulation
: Prime »
! Gen & ot i
r Freg i Supp,l Mover | Sha Excitation P9 Electrical :\
™ i Cont | System | Power Controls |Angle Network »
H ' & Control Volta > i
System oMa9%  Machine Tie >
] > [ L
e Dispatch ¥ v Elect. Powers | Pwrs.
Flows ; Load-Freq &Tieline |yach >
Control . » Powersas [~ ™
With " . Out.
Mach . Function of
“(-)_Jt—* JIiﬁonotr_mc Angle, Volt., | Freg >
- ocation Speeds & Y
: Network
Sched, . — Loads &
: i Impedances
Controlled Network Elements: |
PAR, LTC, SVC, etc.

Voltage

B 453 % 4 4B fE

% 4354 ACE(Area Control Error)* W& B % & 7 &
AR(Area Requirement)2_ g 1% - & 3 (1).5 ACE>0 # %
REEHS ARO BEFFHEMFTE P (2ACE< 0% EFT
27 AR R FHFTE > (B)ACE=0 £ E#TEH

. © A 4 = 3 A5 3 PRRE N ooy il oF A L7
& p f‘ D RE S AR RN Rk ME S > PR

ACE =AT+AB Af= ANG-AL+ B Af

H ¢

7

AT=T-To(F " LM EAH T4 PR BLREIHTA)
ANF= £ fo(F ¥ 4 SR 2 -3 %k B )

B=Fr#l %2 p KA

2
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B>
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3
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£
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FHPEE Bsys e ¥ &* Rl 58 B> Lo EFim 4 Bk
(Frequency Bias Coefficient) °
B =Bsys = Bsys=(1/Rsys)+D

Flpt ACE= AT+BAF (MW)

ACE, = AT, +B;Af  (MW)
ACE,= AT, +B,Af  (MW)
M EMZ EIFH AT, +To=0 FAT, +AT, =0 § RE - 2
VR4 AL(EF T B B5 )P > L pF K SERT A 5 TR
PEEL— 1 kA E 1T 0 et AGC $ T
Af=-AL/(B,+ B>)
APg =-(1/R)AFf > APg=-(1/Ry)Af
AP =D, Af - AP, =D,Af
AT,= APg - AP =-8,Af

ATZ = APGz'AL‘APLz :-BzAf-AL
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ATl :-ATZ
Pz ¢ AGC Hi & ivg 4 18 ¢
(WEFFRDL-F 5 EHEEFEERE [ PR P

ACE; =0, ACE,=0
APGl :O, APGzZAL

ATl :ATZ :0

ACE] =0

ACE,#0(# T £ #4 1 #* &> L ACE#-& i v 7| F)
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SR
5.1 Fenner Windpower Project
3% b B3t e 5 Madison County > b3 & ## 5 2,000 &
e ad 20 S H 3 E £ 5 1.5 mw(GE Wind Energy 1.5 series) b
ﬁﬁ”’ﬁ]&ﬁ A eiiE 249 kV 2 TR E Y 6.6 mile T 4pid
Fom s r R A KWL FLRI IISKV 850~ ks

H3l%8 5 T4 Niagara~Mohawk 115kV 8 542 -

B 5.1 %3* Fenner h 3

TR R AR BT G 4T

Technical Details:
Height of towers: approximately 213 feet.
«Diameter of tower: 13.5 feet at base; 8.5 feet at top.
*Rotor assembly diameter (sweep of blades): 231 feet.
*Total height (tower and blades): 328 feet.
eLength of each blade: 113 feet.
*Weight of Nacelle (houses the generator):
112,400 Ibs (56) tons.
*Weight of rotor assembly:
72,900 Ibs (36.5) tons.

*Weight of entire turbine (including tower):
380,000 Ibs (190) tons.

*Concrete foundation for each tower weighs more than 610,000 pounds.
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BOARD OF DIRECTORS
10 Member Unaffiliated
6 Votes to Pass

MANAGEMENT COMMITTEE
5 Sectors
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. Hadi Saadat ,“Power System Analysis” -McGraw-Hill

. Allen J.Wood & Bruce F. Wollenberg ,“Power Generation

Operation And Control” —Wiley interscience

. Harry Hesse, ” Principles of Electric Power Engineering Analysis”
. Steven A. Barnes, "PSLF (Positive-Sequence Load Flow) Seminar"
. Ronald L. Hauth, "Transmission Analysis & Pricing"

. Liz Pratico & John P. Skliutas, "Surge Phenomena"

. Dr. Sheppard Salon & Dr Sheppard Salon, ‘“Synchronous

Machines”

. Ronald L. Hauth, “Voltage Compensation & FACTS”

. Juan J. Sanchez-Gasca, “Introduction to Power System

Small-Signal Stability Analysis”

10.Juan J. Sanchez-Gasca, “Introduction to Power System Transient

Stability Analysis”

11.John Kovacik, “Utility Economics”
12.William W. Price, “System Operation: Control”

13.Kim A. Wirgau, “System Operation: Economics”

68



14.Gary Jordan and Rit Szczepanski, “Strategic Transmission &
Generation Planning”

15.John Kovacik and Bill Palmer, “Competitive Power Generation
Workshop”

16.Mike Reichard, P.E., “Fundamentals of Power System Relaying”

17.Dr. Sheppard Salon, “Rotating Machines”

18.Carl Wegner, “Power Electronics”

19.Power Systems Engineering Course, “Deregulated Power Markets”

20.Reigh A. Walling, “HVDC Transmission”

21.Lavelle Freeman, “Distribution System Planning and Reliability”

22.Devin Van Zandt, “Distribution Equipment and Application”
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