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Power Generation)
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(

)

1980

(Microturbine)

88 729

921



()

30~100kW
Capstone (Model 330) Honeywsell
(Paradlon 75) Eilliott (TA-45) Inersoll-Rand Energy System
(PowerWorks)  Turbec (T100)

( )
1. Capstone (Model 330)

Capstone
1998 12
Micro-Turbine Model 330
30kW (LHV) 25~27%
NOXx (O, 15%) 9ppm

10m 650BA 260

190 71.4 134.4
400~500kg

Capstone



2.

1988

(Air Bearing)
1998 12
(Model 330)
Honeywell (Parallon 75)
Honeywell Allied-
Signa Honeywell GE
Parallon 75
75kW 27~30% NOx
50ppm 10 650BA
216 122 233

1295kg
Inersoll-Rand Energy System (PowerWorks)

PowerWorks Northern
Research and Engineering corporation(NREC)
Ingersoll-Rand Energy Systems
30~250kW 33%
80% NOx 9ppm

Turbec (T100)

Turbec T100
(CHP) 100kW
30% CHP 80% NOx
15ppm 190 87

10



292

70dBA

2000kg

Microturbine

Capstone
(Model 330)

Inersoll-Rand Energy System
(Power Work)

28KW

70KW

26 (ISO LHV)

30 (HHV)

(cm)

190Hx%71.4Wx134.4D

490kg

Diesel LNG naphtha
propane methanol

Syngas off-gas

(TIT)

900

700

260

475 scfm

NOx

9 ppm( )
35ppm( )

9 ppm

650B(  10m
g5dB( 1m )

45,000~96,000rpm

11




Microturbine

()

Honeywell (GE) Elliott Energy
(Parallon 75) (TA-45)
75KW 45KW

30 (HHV Diesel)
273 (HHV LNG)

30 (ISO LHV)

6ft(H)x3ft(W)x5ft(D) 3ft(H)x2.5ft(W)x5.5ft(D)
300Ib
Diesel LNG naphtha |Diesel LNG propane
propane  methanol  syn-methanol
gas off-gas
(TIT) 900
700 700 (w/o recuperator)
(recuperator ) 315 (w/ recuperator)
NOx <25 ppm 9 ppm LNG
65db( 10m )
85,000rpm 116,000rpm

12




()

Capstone

(Compressor) (
)
(Combustion Chamber) 850~900
(thermal NOKX)
1,300
NOX
600
(Recuperator)
260
/
45,000rpm
(750~1,600HZz)
(Digital Power Controller,
DPC) 50/60Hz 400~480V
Capstone Model 330
ISO(15 ) 28kW 26%
(Combined Heat and Power CHP) 75%

(Microburbine Generator)

(Recuperator)

13



Capstone (Air
Bearings)
Honeywell

Capstone

Capstone Microtirbine Model 330

(Fuel Gas
Compressor) Fuel
Pump
Capstone Model 330

14



(Microturbine)

(100 )

(Recuperator)

<

»H Acibc }—‘—{ poAC fH——>

(400~480V)

(DPC)

15



(Microburbine Generator)

The Capstone Model 330 MicroTurbine Generator

Genorator
Conling Fins Exhaust

ir
livtakis
Combustien
Cleaivilidr
Geisaratar
Comprestor

Bir Baarings
Fuel
Injector

CAPSTOMNE TURBINE CORPORATION
1211 Mardholl Street. Chatsworth, CA 91311 Phone: S1B-734-5300 Fax: §18-734-5320
L T T T e

16



Capstone Model 330

NOXx
(kW) | (LHV)

(15psig) 20+1 | 262 <9ppm | 440mJ/hour

(5psig) 28+1 | 26x2 <9ppm | 440mJ/hour

/ (52~55psig) 30+1 | 27+2 <9ppm | 440mJ/hour

(40~80psig) 30+1 | 27+2 <9ppm | 440mJ/hour

#2 20+1 | 26%2 <35ppm | 12.51/hour
()

/ (Distributed Generation/Baseload)

(Stand-alone Power)

(Standby and Peak Shaving)

17

(UPS)



(Resource Recovery) Capstone

"flare"

(Combined Heat & Power)

(CHP) 75%

(Electric Hybrid Vehicles) Capstone
(Battery Charger)

18



(

)

1.
Capstone Model 330
(Stand Alone
Operation) (Grid Connect Operation)
(Duel Mode Operation)
(1) Stand Alone Operation
Stand Alone
" (buffer)"
Capstone Model 330 Stand
Alone
(2) Grid Connect Operation
Grid Connect
(current

source)
(voltage and frequency reference)

19



Grid
Connect

(protective relay) Capstone Model 330

Capstone Microturbine
Capstone Model 330
Stand Alone

(3) Duel Mode Operation

Duel Mode Operation
Stand Alone Operation Grid Connect
Operation Duel Mode

Grid Connect Stand Alone

(shut down)
Stand Alone

20



Microturbine Stand-alone

Start [¢— Stand-By

<« Power On

Self Test
T Battery Start
ENABLE \LigAhtoff @25kRPM
Internal Fault Run
L oad
A
Locked State
E-stop
Shut-down or Fault
v A 4
Warm-Down Recharge Restart
Cool-Down Start
Command
193
426 »| Shut-Down

21




Microturbine Grid Connection

Start [¢— Stand-By

Power On
Self Test

<_

T

Grid Power On

Lightoff | @25kRPM
Run
E-ssop ¢— Load
Locked State Restart
Grid Fault Shut-down or Fault
\ 4
Warm-Down Cool-Down Start
Command
193
426 »| Shut-Down

22



OVR 115% 1
UVR 80% 1
OFR 51.0Hz/61.2Hz 1
UFR 48.5Hz/58.2Hz 1
Capstone Microturbine
( )
Primary Trip  |Vov1=Vn~305V (120%) |Toy1=0.01~10
OVR |Secondary Trip|Vovo=Vov1+26 Tov2=0.5%V ov1
Fast Trip Vovz=Vn~346V Tovz=10ms
Primary Trip |V yv1=208V(82%)~Vy |Tuv1=0.01~10
UVR |Secondary Trip|Vyv2=Vyv1-26V Tuv2=0.5xTyyv1
Fast Trip Vuva=0V~Vy Tuvs=10ms
OFR 50/60H,~65.0H; 0.01~10
UFR 45.0H,~50/60H; 0.01~10

23




Capstone Microturbine

OVR | 528V(115%) | 1 525(114%) | 1.02
UVR | 368V(80%) 1 363V(79%) | 1.07
OFR 61.2Hz 1 61.21Hz 1.2
UFR 58.2Hz 1 58.14Hz | 1.19

Capstone Model 330

24




Microturbine

Grid Connection Mode Stand Alone Mode
)= ‘ —y
| 2}
v {
\ zz__M «
22 510 1 <> 22 RETH 'E B
' | <~
Q i % i T
A .;A A A A A A
54 [ ] B I iz ] [
x £ A 5l x it
% %
HOT  60S 560S T HOT 675 25M T
e >
COLD 180S COLD 128S

25



Capstone Model 330

Air Filter (Microturbine) Replace 8,000
Air Filter (Electronics) Clean 8,000
Fuel Filter (Internal) | nspect 8,000
Fuel Filter (External) Replace 8,000
Turbine Exhaust Thermocouple | Replace 16,000
|gnitor Replace 16,000
Fuel Injectors (3) Replace 16,000
Rotary Flow Compressor (RFC)
Inlet Gas Pressure
34kPA (5psig) Replace 3,000
52kPA(7.5psig) Replace 5,000
69kPA (10psiQ) Replace 8,000
103kPA (15psig) Replace 16,000

26




()

EPDC ) ( MHI )

Capstone
Takuma Kanamoto Mitsubishi
Meidensha NEECO EPDC(Active Power)
Kanamoto Mitsubishi

1. NEECO

NEECO (KyEPCo)
KyEPCo 75%
( 20%) ( 5%)
NEECO

Capstone Model 330
( ) (Kerosene)

27



1999 1 2000 10 (2001

5 ) 8,101 2,178
324 173 NEECO
Capstone Model 330
NEECO Honeywell (GE)
Parallon 75 ( ) NEECO
Parallon 75

Fuel Gas Compressor
Capstone Fuel Gas Compressor

Model 330( ) Model 330( )

28



Honeywell|(GE) Paralon 75

)

| Eil-‘u‘.l“t‘_'an ]

i

NEECO

(SPA)

29



(

)

2. EPDC(Active Power)

EPDC
Active Power

Bio-Gas

30

(UPS)



2,000

Fuel Pump

( 1,000US$KW)

26%(LHV)

850BA(

40,000

)

Capstone Model 330

(dB)

56

25%

74

50%

76

85dB(1

)

5%

82

100%

84

31




KARITA

( )KARITA
KARITA
220MW
375MW 1963
1972
1988
1991
(Pressurized Fluidized Bed Combustion Combined Cycle
PFBC) 1995
1996 5 (2001)
( )PFBC
1. PFBC
PFBC
PFBC
(PFB combustor)
(12~18Bar)

(limestone

32



dolomite)

GIT EP
PFBC
Combustor steam turbine
vessel BN Fluidized bed """ .
sorbent - coal Bed Injection
—
P—P< O
mixer ] gasturbine
ar condenser @
@ cyclone
paste pump
ashsilo A
oreheater
filter deaerat&i‘>
feedwater pump
2. ABB PFBC
ABB(ALSTOM) PFBC
PFBC (Module)
P200 P800

33



80% 20% 15
85Mwe 360MWe (HHV)
40.5% 43% PFBC P800
IGCC
PC PFBC IGCC
Ligniteto Ligniteto
Anthracite Anthracite
/ /
CO2 Base -5% -10%
DeSOx Fluegasde-SOx | In-bed de-SOx | Syngas de-SOx
DeNOx Flue gasde-Nox | Flue gas de-NOx | Flue gas de-NOx
Fluegasde-Dust | H.P. Fluegasde- | H.P. Flue gas de-
Dust Dust

Sulfur recovery Gypsum Mix. of gypsum | Sulfur or gypsum

and CaO or sulfur acid
Area for ash Base Large than PC -40%
disposal
Hot sea water base -10% -30%
discharge
Net eff. (HHV) 36~40% 40~42% 42~44%
Eff. Steam condition | Steam condition G/Tinlet T.
| mprovement

1991 4

PFBC P200
PFBC




ABB PFBC

Vartan Tidd Escatron | Wakamatsu

Utility SEP AEP ENDESA EPDC
Purpose Cogeneration | PFBC demo | PFBCdemo | PFBC demo
Output (MWe/MWth) 135/224 70 MWe 79.5 MWe 71 MWe
Unit 2*P200 1*P200 1*P200 1*P200
First coal fire Jan., 1990 Nov., 1990 | Nov., 1990 end of 1993
Net efficiency 89% (LHV) | 35% (HHV) |36.4 %(HHV)| 37.5% (HHV)
Emission data

SOx (mg/MJ) 30 90% removal | 90% removal 50

NOXx (mg/MJ) 50 150 150 45

Dust(mg/MJ) 5 14 40 7
Technical data

Bed height (m) 35 35 35 35

Pressure (bar) 12 12 12 12

Sorbent dolomite dolomite Limestone l[imestone

Combustion temp. 860°C 860°C 860°C 860°C

Steam data (bar/°C) 137/530 90/496 94/513 103/593

Fluidizing velocity 0.9 m/s 0.9 m/s 0.9 m/s 0.9 m/s
Coal data

Type bituminous | Bituminous | Black lignite | bituminous

Heating 22-29,LHV | 23-28, HHV | 8-19, HHV 24-29, HHV
vaue(M Jkg)

Sulfur content 0.1-1.5% 3.4-4.0% 2.9-9.0% 0.3-1.2%

Moisture content 6-15 % 5-15% 14-20 % 8-26 %

Ash content 8-21% 12-20 % 23-47 % 2-18 %

35




Vartan PFBC

PFBC
(Stockholm Energi)
ABB P200
PFBC GIT
ST 135Mwe
224AMWth
60mg/M J(170mg/Nm3)
50mg/M J(140mg/Nm3)
5~10mg/M J(14~28mg/Nm3) PFBC 1991 4

S0O2<40mg/MJ Nox<30mg/MJ N20<10mg/MJ
CO<5mg/MJ 2mg/MJ

PFBC
PFBC
10 4

GIT (deposit)
(erosion)

90%

36



(

JKARITA PFBC

KARITA PFBC
1. Nox
NOX thermal NOXx
fuel Nox  prompt NOx thermal NOXx 1300
PFBC 850
900 1600 PFBC
thermal NOx PFBC
NOx prompt NOXx
NOXx PFBC
fuel NOx PFBC SCR
NOx 60ppm( 6 )
2. SOx
PFBC
FGD N0 95%
SOx 60ppm
3. (Particulate)
PFBC

37
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30mg/Nm®

Karita PFBC

Pressurized Bubbling Fluidized Bed

GIT 75MW
ST 290MW
360MW
24.1Mpa (246kg/cm?2)
SH/RH 566/593
13kg/cm2
850
De-SOx In-bed De-Sox with CaCO3
De-NOx SCR
De-Dust 2-stages cyclones & EP
SOx 76ppm
NOx 60ppm (6%02)
Dust 30mg/Nm3 (6%02)

2001/7( )

38




1SOGO

( )I1SOGO

|SOGO (Electric Power
Development Co. EPDC)

12.4
265MW 1967 5 1969
9
(1) 2) 3
EPDC 1992 |SOGO
EPDC " (Build and Scrap & Build)"
1996 7 1996 9

2002 4 |SOGO

39



( )ISOGO

600MW (Ultra-
Supercritical  USC)
(Supercritical Variable-pressure Once-through Boiler)
(Reheat Regenerative Turbine) /

600 /610 /
25Mpa(g)/4.41M pa(Q) (Supercritical  SC)
/ (566 /566 [24~25Mpa)
USC (HHV) (
0.2%) 41.6% ( 0.6%) 42%
6.2% (HHV)
39% 39.4%

(36% HHV) 3%

40



1SOGO

Radiant reheating supercritical variable-pressure
once-through boiler (indoor tower type)

1,710t/h

27.48MPa(g)/605 (boiler outlet)

Tandem compound, reheat regenerative turbine

600MW

Main stop valveinlet 25Mpa(g) 600
Reheat stop valveinlet 4.41Mpa(g) 610

Outdoor forced-oil, air-cooled 3phase transformer

640MV A

Primary 18.525kV  Secondary 154+1.75%8kV

De-NOx |Dry catalytic reduction type of nitrogen with
ammonia
EsP Dry low-temperature el ectrostatic precipitator
FGD |Dry activated char adsorption with sulfuric acid

recovery

2 cylinder centralized stacks

200m

60m(L)x70m(W)x100m(H)

40m(L)*80m(W)x50m(H)

41



tower-type boiler

120

80%)

continuous clinker discharge

)

Tower-type baller
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2. (Tandem compound steam turbine)

(Tandem compound)
(cross compound) ()

()
1SOGO

Tandem compound

3. (dry activates char desulfurization)

( wet limestone-gypsum) |SOGO

C )

4, (Flue gas denitrification)

|SOGO
(low-Nox burner) (two staged combution)

|SOGO

ammonia selective catalytic reduction

43



5. cloverleaf-type indoor cod silo

bin cloverleaf-type indoor

codl silo bin 25,000
100,000 cloverleaf-type coal silo
bin

cloverleaf-type indoor coal silo

(module type) Jack-
up Jump-up & dip
just in-time transportation
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8. PFBC
IGCC
KARITA PFBC
360MW PFBC
1999 8 (2001)
42
38~40 2~4
9. 1SOGO 12.4
600MW

cloverleaf-type indoor coal silo
Jack-up  Jump-up

46
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