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Fig. 1 Trend of installed capacity of photovoltaic
wind power generation in Japan.
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Fig. 2 Sample circuit configurations of photovoltaic and wind
power generation.

—3—
Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.

B Z o 72O IEE ISR ER O 2 L 1T K& <
Rl %o

2.2 KX - BHEBOEXODEARHENOZLE
KFJe - JBAFEEI 2.1 M BNz A L Tw
A7, REISHEARSIN2EITE, Table HIRT X
NS, EaE, REERE, TRER, et Shkx
M TEDARMNOREN KRS I NS, Table 1T,
INLEE, HELH) % EOKRE - BIIFEED R
WREA~OREL, BIAROLEERLTER/NT ¥ A
BEVAT AERANOFBIIR LT, kL2320
ZHREDHRLFORL TV 5o

F 7zTable 2TIX, TN 5 DEE 2 KB - MII3EE
DA E PO THEILTWb, TabbEARN
NE ) BITRFEIEIEE DB O BT ZH O 7%
EU— A NEEER T TH 05, BARMPETIZON%
HBRORMLE ) T AT AOTFERNT Y ANOELE
DEIRRARNOZES WL TE 72, 4R EHIIHE
ABEDPWZ UL, FHARZ o 7GR EITBIT5E
FRRDISEIFIEAZALT 5 2 L& IS,
AEHTIE, ChooRgBEDH) L, KIjJEHE & B
BWEEZ LN ENREOTEA/NT v ANDEE L H
W2 350 2 IR OISEIFIED LI DOV THER 5,

3. BARBOFHR/ING > ANDEE

B RE TR BRI THEAG N T~ A B B LERDH
L7280, Kbt - M EEOFEREIRKITHEY, EITRHK
DFFENT ¥ AMEFFIZB TP &2 2L Tw

Table 1 Impacts of large-scale penetration of photovoltaic and
wind power generation on a power system.
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Category Challenges 25 E 5
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Voltage 4 v
Local |Harmonics v
Islanding v v
~"|System protection v/ v/ v
Transimmsion capacity v v
Fault-ride-through v
System stability v v v
Syst
ystem Supply-demand-balance v

Table 2 Penetration of photovoltaic and wind power generation
vs. impacts to be apparent in a power system.

Pene- .
tration Prevalence Typical Impacts
Impacts are Power Quality: e.g. voltage
small limited to local fluctuation
areas
Load flow: Congestion due
Impacts expand to to PV or wind power
awhole system | Generation-and-demand
balance
Inherent features =
large of a system are Power System stability: e.g.
affected. change in system response
to disturbances
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Fig. 2 Trend of installed capacity of generation plants and
generated energy in Germany.

[Note] The author draws the figure based on the published
data by FRAUNHOFER INSTITUTE FOR SOLAR
ENERGY SYSTEMS (ISE)"“.
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Fig. 3 Estimated annual capacity factor of thermals in Germany.

[Note] The author made the estimate based on the published
data by FRAUNHOFER INSTITUTE FOR SOLAR
ENERGY SYSTEMS (ISE)"“.
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Table 3 RMSE of photovoltaic and wind power generation for a
German TSO in 2012 - 2016.

Wind power Photovoltaic
RMSE (%) 4.20% 4.00%
Installed capacity 12,622 ~ 17,236 7354 ~ 9,749
in 2012 -2016 (MW) (MW)

[Note] 1.The author evaluated RMSE for the published data
of 50 Hz Transmission GmbH, Germany™"".
2.RMSE is normalized with their installed capacity. The
hours with zero output power for both actual and predicted
values are excluded from the computation
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Fig. 11 H-100 series gas turbine

Table 1 Major specifications of H-100 series gas turbine

Item H-100
60Hz [ 50Hz
Gas turbine Type 2-shaft heavy duty
Rated rotation speed 4580/3600rpm I 4580/3000rpm
Compressor Type Axial flow 17-stage
Axial flow 4-stage
Turbine Type (2-high pressure stages
and 2-low pressure stages)
Combustor Type Multi-can (10 cans)
Simple cycle Power output 105.8MW 118MW
performance Efficiency 38.2% (LHV) 38.3% (LHV)
lon 1 combined Power output 150MW 169.60MW
cycle performance  |Efficiency 55.1% (LHV) 55.8% (LHV)

LHV: Lower Heating Value
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P SE SR B UG A H RS04 2 Rl L 22 B 7 2 T v
&N —WWEHKIFEITT, 25RO ~T7% (&
7)) OV 7L —AINEKH-1000 (50Hz) A3RH S h
720 BERED1,100CHGT % M B TH-10012 ) 7 L — A
L, 20184E10H 34, S5 HOGTEH A5 T L il iix
ZBMG L T\, Fig 121245 MDY 7L — AP %2 7R
To VT L — RN TROE 2 EB L7,
(1) H-1007% (50Hz) EBERZDGT ANR— RIZ#&IE L T,

JE B A T %
(2)  BERER%MmIE I RBRIEH L, ST a#iPH % e/ NipH & 5
%o HEBEINARA SKA Y — v T 5.

(3) GTHHI R, HIEEEZ —HSET 5,

GT ¥ 7 404 o 3058 i 1320164F 7 H X 0 BIdG S iz
Table 212783 ) 7L — A% O 7T 2 #5 H )1159.4MW B
X OV 25h#543% LHVLL E oMz @k L, 75
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¥ b oEERE LS L UCO FR EHIRICHIKL TV 2,
S B IZE Y O R AERL O B o3k 2 HEE

L. 44

AT LI 15% o TR 2 FEH L TW 5% %

FoS5MHDY) 7L —ZATHCTIEMEHFI80H (1l 5
#) OTHZ24HW S LTIS6H TE T L7z

Starting
device

Combustor

Fuel =>__h

Compressor Turbine

Gas turbine

Fig. 12 Scope of replacement

To heat recovery
steam generator

Table 2 Plant performance after replacement

Before After
replacement replacement
Planned value | Planned value Actual value
Plant output 167.6MW 159.4MW 168.5SMW
P (15C) (15°C) (15°C)
Increase in output Base 491% +0.53%
P (relative value) | (relative value)
Plant efficienc 48.7%LHV 54.3%LHV 54.4%LHV
Y (15C) (15C) (15C)
Improvement in efficienc Base +5.62% 5T74%
P Y (absolute value) | (absolute value)

LHV: Lower Heating Value

Note: Plant performance after replacement is in new and clean condition.
(Bottoming deterioration has been compensated.)

3.3 REER SRAWEZEL

Table 312 1 #HAIGT L 2 WFIGT O K% /R $ . 2 Bl
BIGTTH AH-1001F, 1 HHFIGT & FARISEBZEE D S
OB HEHWTEET — ¥ Z&EH 3 525, HPTIZ
LPT &Y. LT Y EEIFFOZER ML 7 2VNE L, EH)
FKEO/NFEALDPTRETH b0 TDODFREED 1 fhE
GT LIt L T2l aFITH %,

H-1000 T35 5Bk 2 B\ 5 2 3G B I o 51 5 %
Fig. 1312, B2 b o FHllH % Fig. 1412°7 7,
THRBR T, LPTORME L CHEMBEZ M Leka
METORBEERL, GTHIIZEMEREOH T
FHM L 720 Fig. 13128373 D 10K D 5105 LIS &
AMICENET S22 L2 MR L, Fig 142RTE1925%
S DERTEALA FE 7 & & 2 MEE L 720

Table 3 Comparison between 1-shaft and 2-shaft GT

Item I-shaft gas turbine (e.g.: H-25(MHPS)) 2-shaft gas turbine (H-100)
Combustor Combustor

~ Co_mpressor [ upr LPT
Sha 1

rion | IIFS | {38
configuration = _ .
Generator - —
Starting Compressor Turbine Gas generator Power turbine

device

Rotation speed

°P° Variable speed
characteristic

Constant speed

Required

. . La 11
starting device r8e Sma

=—HPT speed (firing to rated) 0

g 100 ===LPT speed . 4

= Load !

g %0 !

- |

] |

g 60 1 !

= |
3

1 |

2 40 y !

S |

20 |/ N\ .

|

o |

0

-8 -6 -4 -2 0 2 4 6 8 10

Fig. 13 H-100 shop test result (rapid start-up)

Time [min.]

120 -I =—HPT Speed ~ ==—LPT speed Load |—
T
100 | HPT |
speed
80 et

speed

GT speed and Load [%)]
D
(=)

o
(=}

Load
20 \ | +25%Load/min. | | -25%Load/min. |
0 i CH i =e——
0 2 4 6 8 10
Time [min.]

Fig. 14 H-100 shop test result (rapid load change)

4. MEHEAEGT
4.1 PWPSEZEHEAEGT DR

PW Power Systemsfl: (LLFPWPS) (219614 3% 3.0
W2 MGT (LLF Aero GT) 08 - WsE &t T
%o PWPSIZ20134F1C =2 HE T3EMAEILL, 20174F
22 5MHPS?D100% &1t & %o T b, PWPS® Aero
GTIZmahE (HAkT40%) CTHARERERZHEEICID,
LGRS (50D, B ZInE Y, EEED Y —=
YIURBEECHIRREDNH D, SHITEBTA vy T
ROFFHEDD 5o
(1) Twinpac: 1 GO ERE 25D VY THE)
5% iR TR K OB R 1A0MW O TH %
U7 MO KE VD, BEHAROHRS
P HRERIC KX R 2 ) v 2B 5, (Figlh)

Fig. 15 140MW class FT4000 Twinpac
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(2) Mobilepac : 30MW o 1 5 K 75 54k > #8 B 78 5 %
CThb, GTLIREMIFH— ML —F IS T
5720, BEIOBOH vy T) YT - 754 A Y M)
RETHD, SHICHMIRETIET Y 7)) — b DX
THLIAET, BHOBEHE TR THEE2E TS
EVHRETH %o (Figl6)

Fig. 16 30MW class mobile power FT8 Mobilepac

4.2 BERZEEREE

WOR TUE BT A B ALK 2 BHRFKLEE/LE H
By & L7zAero GTOW K3 H <, DUMIZ#E M H6 %
I3 %0
(1) R¥=r 7 ¥ —7 &g
RIFEOZETHIADOHNDPERT 5 LB ORI
ARPAEL, REEBRAER T o SRl % @ik
WORFET 2120F, PRSI X 0 AR 2 i
b diE%esd, 14 - 1B THRERAFE VA
NHLETH Do & DITRBYHT R A 1- 14 O EERE A
BT, figr P n L7 E Ly, Aero GTIZFER
FEOTRERE TH A7 OREFEICEN, Eilinisr
DEPSHIDEIBAE=Z Y F)HF—T (s E—H—)
HIZA X TH Y, MKTEEEA SN T5, PWPSH:
D Aero GTIdFig. 172" T X 9 IZPT (FEHEAREREYH /<
7—%—¥ ) 7GG (Gas Generator) Y)Y EEX/z
Free Turbineflili & %o TW5b, ZDD 7 T v FiE
THRERZ MBS E L CEIRMICHERT 5 & %R
YERLEEFEOTMEES TR TH L, ZORFEEN
ML, FEEMEERITIN R T oh 78 T E AR IR (A AR
W& B R EEILE 1ATIZEV) Xy v 23D b,

IE' | Without Reduction Gear and Clutch system |
A
-C HP

r 1
LP-C LP-T
HP -T i
52G GII’Id
1
1

Fig. 17 Shaft configuration of PWPS/Aero GT

2) NA Ty FYAF L (GT+E &)

A= 7)W= TI20E, EEE S ChRRFICE T &
WMTHERNEDY, OO FHHRIEANICTGT:
APl L CB L LENRD 5. T OMIRE % MBIy 2
FT2DOTIHFEICAKEETH Y, CO PO mH» 5 BB

LT FELL Vv, GTEHFRMEZMAGDEZNA
Ty FY AT AT ORFEE 2 v ML, 2Ol
BRI E VAT AL LTREEH SN TVS, Z
DY AT K DOIEARKK % Fig. 1812777,

BETTIT AT

Fig. 18 Hybrid system configuration (GT + Battery)

KT ZT LiZAero GTEEEMM (L /Xy —avF
Tad—) THIKEh, GlEEECHE AN EEAT
BRG SN, BIIHAM, WA o B ) 2 LY A A,
BHRMLEAICMZ TREEZEEFZA TV AT LD
) - SR RIER AT 9. Table 4122 DN, 7Y v F &
GT/HEB/BMHARY AT L LD ZRT. BIZZDY R
T ATKETERLENTEY, KPEOE R LHL A
ANLK & B RME DM ERICH L THMITH %,
SHEBMEOKIERZE T2 FERINTEY, "7
)y ROBANRESICRFELHSTFHENL,

Table 4 Comparison of Hybrid system and other systems

Hybrid
System GT Battery (GT+Battery)
1. OPEX Base Cheaper Cheaper
2. Fuel for Necessary MNone None
Reserve Operation
3. CO2 Credit No Yes Yes
4. Instantaneous Yes under Yes Yes
Power Output Loading operation
5. Response Speed Base Faster Faster
6. Renewable Surplus No Yes Yes
Power Management (Battery) (Battery)
7. Condensing Operation Yes No Yes
8. Continuous Operation Yes Not Feasible Yes

AfTiE, HAETET AV F—RRIZRD SN KT
FEEOFHREICOWT, FRICSHRER &AM EbIC
XIS % AR & S OFEMT IO W TRRA L7z BEbiEE)
BPEICENGTIE, HAEZRIVF—RICE2ENR
M bE L 2B TH b,

KESEBMAGTIE, 2B ~ORFIZL Y /A
GT - frzepkiiz HAIGTIE A O ERE RGBS HE & %2 50
— T AANRPFETH L, KMCTIZ AR 2 72
D OWNEALEDRKE WD, BIREOLZILITITE
SICEBNTE 50 T/NEOH100Y ) — AGTIZE AL
DFEJL L BIMFEHOERLHAERIZLY, FritEH,
BERR Y 7L — 2 M3 X OB ERED & IR A v @ 12t is
TX 5, 6 IIAMRESE HHRAMEEEICENTE
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BTH Do HZERENBGT ORI HOFTI0013, B RERA RS —C 7 ORFHAMBI, =38 HTHH,
KEFEEIINTE—H = 2 BWAFAT, 3512 Vol. 40, No.4 (2003), pp. 194-199,
AZTNITI6BEREL, RteBoEteTr (0 UL DRI, LI FNAGE T,
POTIER -GS LT SRl KTRATRE, VoL 6 1A% G015, vo
BHTRIFEVGTT A ¥ F v TE, SRHDEE cagon P
WIAT, SRIAT HHLALTREREN LT ) =gpycg—v s a0, HREAMEDH 2 W1
FROLEALICEHIRT 5 & & b1, B LMk s X AAZ =¥ (H100), =3#ELHE Vol 52, No. 2
OEMABS O L), LT 51 —F0% (2015), pp. 10-14.
ZUEBZTWIFFETH S, (5) ZFHEHUAT—YZTLAW, HHEE7 21L&
T —REEEK IR 2575 H100 7 A 5 — € v 4t
5 £k ¥TH, ZEETHI, Vol 54, No. 3 (2017), pp. 32-
(1) What the duck curve tells us about managing a green 33.
(6) ZFEHUNT =Y AT LAAM=2—AY ) =R, 20184

grid
<https://www.caiso.com/Documents/Flexible
ResourcesHelpRenewables_FastFacts.pdf>
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Siemens Gas Turbines Responding on Renewable Energy

Increase

K pez ™!

OTSUKI Yasuhiko

X—T—KF: ARy -, AMERE REGEHER, BBk, Ny F7UNITY R
Key Words : Gas Turbine, Load Flexibility, Turndown, Start Up, Battery Hybrid

1. (2U&IC
Me4, COLHIK & 5 o 724 W 2 Wi B & OVREE il

WEIHE (FIT) & 5o 2BORMZSZROMRIZLY,

FHEZ ANV F =12 X B FEEDBNMEINC D o FEFPESE

#LED 1.5%
A AIXRILE— 1.5%

Fig. 1 Worldwide Power Generation Forecast in 2040”

<10% 200%

System Integration

BD2304EINT 72T AV F—3I v 7 A TH22 ~ 24%
OB % FHA T AN F =93 ) 5 & % > T2,V
ZC, 20404 CIE &R DRT0% OEIITHEEZ Kb &
DTHEZANF -2 FHl b TTWw5 (Fig. 1), @

FAZANVTF - TH, FFITKEG JHIIEE L
Vo HKRONEFIH L TEELITI dold, KEICK
Haned L, HEBENTIE, FYYFLARVZAEES
FEIEENTI Y PO LT AL LA SHY, &
HLTHEBIERMToOa Y br— A shTw b,
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B IREE, B/ TR~ ORI R E v,

—J, ¥—=AYATIWEFig 20X ) ICHEZ AL T —
D5 B E MBI X 2B NHSIRRO PR %247 -
TWwWh,

Market Integration | Decarbonized System

Fig. 2 Energy Market Transformation per renewable share

EfZAr 20184E11H12H
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E-mail: yasuhiko.otsuki@simens.com
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Fig. 3 Siemens Gas Turbine References &Footprint
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Fig. 4 Siemens Gas Turbine Line-up
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The new HL-class:

An evolutionary development step from proven H-class design

SGT5-9000HL / SGT6-9000HL / SGT5-8000HL

SIEMENS
Ihgmui(y{cru{e

HL-class: Technology carrier to 65 %

 Continuing the leadership trend in proven,
high-efficiency, air-cooled large gas turbines
» Pushing efficiency and performance to the next level
» Optimized for lowest lifecycle costs and
operational flexibility

Joined DNA based on proven H-class design

+ Air-cooled

* Hirth serration and single
tie-bolt rotor

+ 3D 4-stage turbine

* Hydraulic Clearance
Optimization (HCO)

- Steel rotor

» Can annular combustion
system

Fig. 5 Siemens Gas Turbine HL series design concept
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Fig. 6 Hirth Serration Design
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Continuation of competitive & flexible

maintenance concepts with 33kEBH or 1250 ES interval

HL-class Base interval
33/66 EBH or 1250 / 2500 ES

SIEMENS
Ihﬂ,ww'\‘y-{urufe

R I RCIE to extend
Rotor Inspection target | o0 oyion 1y 4

5000 RES 4 oxtra Major

[}
@ 1112 ] 13 14 | 1516 [ 17 18 | 1920 [ 21 22
° BE 1250 2500 3750 5000
v
P EBH 33k 66k 100k 1aad
T
CI+R1 Major (W/O De-stack) CI +R1 Major

8000H Base Offer Rotor Inspection]
o 16/33 EBH or 900/900 ES target 2500 ERS
o B 900 1800 2700 3600
| EBH 16k 33k 50k 66k 83k 100k 13k 133k
n - 1 ~

-,

z 0 0 0 ] P 8 0
=] i N - .
S ] HGPI C Major cl HPGI cl Major
(=]
©

SGT-8/9000HL key competitive advantage :

« Cl moved up to 33kEBH, HGPI moved up into Major @ 66kEBH

« Higher availability for starts-driven operation (CI+R1@1250ES)

« No de-stack (Rotor Inspection) required for hours driven operation prior 2 "4 Major

* Rotor Inspection for starts driven operation not before 5000 RES

Target to eliminate CI’s after 1t Major in future with new development

EBH Equivalent Base Hours

ES  Equivalent Starts

RES Rotor Equivalent Starts

CI+R1...Combustor inspection w/ Turbine row 1 exchange
HGPI...Hot Gas Path Inspection

MO.....Major Overhaul

RCIE Rotor Casing Inspection & Evaluation

Fig. 7 Standard Siemens gas turbine inspection interval

Siemens Hydraulic Clearance Optimization (HCO):
Fast starts and high load gradients w/o penalty

Patented Siemens technology

SIEMENS
lugzev\ui‘y-foruft

Reduced
tip gap

= High operational flexibility (fast starts)
at low degradation

= Simple, fail-safe and validated — since 2004

= Enabling state of the art operational flexibility
without burdening life-time (reduced degradation)

...... " Hp'ﬂ!ﬁ!‘!'.’.’.‘.. _LHCOln|
H" ol R
W

HCO off

more power

Fig. 8 Hydraulic Clearance Optimization (HCO) design

Hho kK, FAY—Er AOZKRGREZHIHET 2720
WZIGV (AOZENHE) ZEMEAIIIEIT TWz2s, =
TMOBFEBEHR 2 ZIL, oAM=
T CHxEZ SETWDH, HY Y — X TRIGVINA T
4B ERoTBY, BRAMTHHAY —E FEIE
5% TICEED (Fig. 92H), B E2HERT 2
ZENMRETH D, HLV ) — AT 3EEZRET S 2
ETRIEIL T 5,

25 TI2MEH

HERRMA A Y —C VIIERY - Ena g
YR A I VTHOOND ZEDSEFTHY, TN A
YRHA TV E L THRMEBNDIGE
L2 ZETHIENHEETH S,

Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.

R oksy, 15

Fig. 9 Variable Guide Vanes (VGV)
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Power Supply SIEMENS
Start-stop operation - Co-Start Ingesaity for ife
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Fig. 10 Faster Start up - Co-Start Concept
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Fig. 9 Electrical Power Balance at Kyushu Area (2018/10/13)
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Power Turbine Module

Gas Generater Module

Fig. 1 L30A gas turbine

Table 1 L30A main specifications

Type Simple open cycle twin- shaft
Electric output 30.1 MW

Thermal efficiency 40.1 %

Intake mass flow rate 86.5 kg/s

Pressure ratio 249

Exhaust gas temperature 470 deg.C

Compressor Axial flow 14-stage

Combustor 8-can

Gas generator (GG) turbine | Axial flow 2-stage

Power turbine (PT) Axial flow 3-stage

Emission (02=15%) NOx<15ppm

ISO conditions, Generator end, Natural gas
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Table 2 Measured Gas Turbine Performance

This program | Current model
Electric output 341 MW 30.1MW
Thermal efficiency 40.2 % 40.1%
Exhaust mass flow rate 91.5 kg/s 88.7 kg/s
EGT 503 deg.C 470degC
Demand Response rate 20%FL/min. 10%FL/min.
NOx (0:=15%) NOx<15ppm NOx<15ppm
W/0 losses ISO condition : Gen. end
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conjugate approach
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CONJUGATE CALCULATION

flow field 4 solid body
(coupling strategy)

solid surface
b J

¥

solution for Muid Now and solid body
(the heat transfer is calculated, not a boundary condition)

Fig. 13 Conceptual diagram of CHT analysis

[Temp. measurement results]
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Non Dimensional Blade Surface length

2

[left: Measured with Pyrometer, right: CHT analysis]

Fig. 14 Temp. Measurement results of GGT 1% rotor blade
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L0AZ T 22 7T Y MZEALZEGEDIY = A
REZRT, MAIZAKS4.1t/hTHII32MW, A Bl
1385.1%I23F %,

Table 3 L30A Cogeneration System Performance

Model PUC300D
Electric Output 32.16MW
Steam (saturated) 54.1t/h

Efficiency 39.1%

[Condition]

Inlet Temp. © 15 deg.C

Inlet/outlet losses : 0.98 / 343 kPa

Fuel :13A (LHV=40.6M]J/Nm?®)

[A>NA > KY 17 XF L CCPP]

HAY =¥ OMINIFEIC, TR0 2281 L
L CRIIEAR AR A SEELA Y — ¥ VI X B3 %
AT VAT A TH bo

L30A 2R EHERI—Er2fllAafbElzar N, v
FH A4 2 Vo v A5 A LRER % Fig. 15, Fig. 16127R
To 72, 7T MERIETable 4IR30 T, BE
FEERNTRII5A%E WA B EHMERT T N,

Table 4 L30A Combined Cycle System Performance

Configuration lonl 2onl
Num. of GT 1xL30A 2XxL30A
Total Output 44 5MW 894MW
Total Efficiency 54.1% 54.3 %
[Condition]
Inlet Temp. 115 degC
Inlet/outlet losses : 0.98 / 343 kPa
Fuel :13A (LHV=40.6M]/Nm")
ey SR EITI
™ [T ]
S i
814
=> Chigul
[l

Fig. 15 Conceptual diagram of CCPP system

Fig. 16 Architect's conception of CCPP system
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Issue and Adaptation for Bottoming Cycle of Gas Turbine Combined Cycle (GTCC)
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Key Words : Gas Turbine, Combined Cycle, Bottoming Cycle, Efficiency, Operability
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HAZ—¥raryNg v ¥4 2L (GTCC) %%
X, Ry —¥r (GT) HHIWCLAHEEIIMAT, GT
POHEH SN B EIROHET 2 & H v THEREILER 4 5
(HRSG) \ZTHRE A SE, BELLEAEZERS —
¥y (ST) ~Mt LEEEZIT ). HRSGE ST 5 Ak B
ENDBARBLOEKF A 2 VBRI VA4 7 VLI
ENTBY, GTOHEARFHL, BVREMNEE
FEP &5, Fig WH A =¥ TN, v A
VD T-SHEX % TR,

Gas Turbine Cycle

(Brayton Cycle)

Temperature

Bottoming Cycle

(Rankine Cycle)

Entropy

Fig. 1 Gas Turbine Combined Cycle T-S Diagram

OB WHIBOBT AN F — 2 flio TREEZITH A
AF—=E UL 7N (TLA My HA 7)) EiREOK
WHHIBOBT AN X —2flio CTREEZITIR NI V7
AN (FoFvHA47V) O2O00FBTHRELIT) o
Fig. 212K I ¥ 7% 4 7 VOISR % R

FETIERFECTCCHREBRIBENMHMATEY, KF
TR NI V7 A 2 NVICBITHHEE Z0xIBI2DOW
THINT %,

Rzt 2018411 30H
* 1 HEIAVTF—I AT A AR &
T230-0045 HEUEHHE XKL 2-4
E-mail: rywhirayama@toshiba.cojp (ft3%)

3 1
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b olof
‘Cas Turkine
Exhaust Gas
RS LP Turbine
=P HPTubne [P Tubine
= l A Cooling Waser
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_g l X3 ©
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Fig. 2 Example of Bottoming Cycle Flow Diagram
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Fig. 3 GT Exhaust Gas Historical Change
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GTCCEMIEM EhTWw5,

RIETIE, GTCCRERmEARL LToBwHEm Lo
WA HE, HRSGICTIHE SN LEROELASLM L
LTIRINETERTH - 72566CHE 5, IFEDGTHE
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Fig. 4 HRSG Steam Condition Historical Change
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Table 1 Specification of HRSG

REIEAEA it ton/hr 280
W iHES | MPa 185
R | C 597
R it i ton/hr 54
I HES | MPa 45
wEHRE | C 330
REZE S it ton/hr 39
AT | MPa 097
e EREE | C 280
TGRS it ton/hr 357
I EHAET | MPa 44
AR | C 588
HRSGA A @BEE 1 | & m 28
[ m 27
R m 10
HRSGH M E i ton 3,750

Fig. 5 HRSG Super Module Assembly Site

Table 2 Specification of Steam Turbine (TC4F-48)

\ (LR 3HE
A AHER (184 ¥ F) TR

SEREHT) kw 415,200

A | kPa “o71

B9 O F B % DGR T % Son I HEMC & B KL A
oA MIEBEAEILERSTH Y, BB
S I REARRDA8 S ¥ FF 5 » WER & 5 Lk
LIZHFG LT 5,

S 515, ACTCCRMMM T, WERLS — L
75 OIR A AHR L B L LMk A & 5 L
HRSG~OFGAKM (FA A 7 vfk) %, ARy —¥

Fig. 6 3D Model of TC4F-48" Steam Turbine and Generator
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Fig. 7 TCA4F-48"Steam Turbine and Generator
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Fig. 10 Performance of developed catalyst
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Fig. 11 Typical Start up Curve for GTCC
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Table 3 Specification of Steam Turbine (TCDF-48)

It ) 4( L 2‘$§£ -
2 PR (484 ¥ ) FR
ERE T kw 197,400
PR kPa -98.0
FIEZAER | iR ton/hr 354
SEMEIET] | MPa 16.0
EAEME | C 600
PEZES | i ton/hr 53
EMET | MPa 3.6
ERE | C 445
LS | i ton/hr 45
EE)) | MPa 0.54
ERILE | C 245
TR | ton/hr 392
EMFET] | MPa 34
EAEME | C 600
" s
s m
:
} )
£
.

*GTCC Ravio = part Lo

¥/ 100% Load Efficency

Fig. 12 Part Load Efficiency characteristics vs GTCC Load
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Fig. 13 Power Train Configuration
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