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Installation of Gas Turbine Combined Cycle at the Shinko Kakogawa

Power Station

v/ ™ iR A
EHHE" HERE—HR*? Rl EY
Nobukuni SUGANO  Youichirou MANABE

Akira OSAYAMA

L= ° R
Seiji HISAYAMA Akihisa FUJIO

ATFRE"
Toshihide KINOSHITA

The Gas Turbine Combined Cycle (GTCC), which was first installed as a part of boiler renewal project,
mainly runs on by-product gases from the steelmaking process and employs new designs, a split shaft,
dual fuel system, and so on. Its commercial operation began in July 2011. The performance of the new
Gas Turbine (GT) and the Heat Recovery Steam Generator (HRSG) was confirmed as satisfactory, and
the GTCC has operated smoothly since the start of commercial operation.
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Fig. 1 Configuration of power station (left : before, right : after)
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Table 1 List of abbreviation words

Abbreviation English Japanese
GTCC Gas turbine combined cycle HARA—EL -aunAvEH149)L
BFG Blast furnace gas BIFEHA
CcOG Coke oven gas aA—HRAFPHR
GT Gas turbine HARE—EL
AC Air compressor TR
GC Gas compressor BAFL T R EHERE
HRSG Heat recovery steam generator HEREIRAAS
B Boiler RA1Z
ST Steam turbine FERI—E
G Generator FEEH
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Table 2 GTCC #1 performance

Manufacturer Mitsubishi Heavy Industries, Ltd.
GT 87.2
Output oy | st [ 528
1GTCC (GT+ST) 1400
Fuel BFG + COG( or LPG)
Fuel Mass Flow (m*N/R) 280,860 (BFG+COG)
Fuel Heating Value (k,J/maN) 4,040
Heat Efficiency (%) 454
Firing Temp. °c) 1,250

I S L
2 1 5GTCCHMI G
Fig. 2 Overview of GTCC#1
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Fig. 3 Schematic view of newly-designed part
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Table 3 Work schedule of GTCC#1

GTCC FY2009 FY2010 FY2011
July-Sept. | Oct.—Dec. | Jan-Mar. | Apr.—June | July-Sept. Oct.—-Dec. | Jan.-Mar. ] Apr.—June | July-Sept.
‘W Sept.1 Begin
Break down boiler #6 W¥Dec.19 Complete
. ¥Dec.19 Begil
Foundation work W Apr.5 Complete

W Apr.6 Begin

Build up turbine building W¥Uunel12 Complete
| |

Installation of main equipment

WJuly10 Gas Turbine
WJuly14 Generator
¥ July20 Gas Compgssor

First access to electricity

¥Oct15

Hydraulic pressure test

¥Oct.15

Performance tests

W¥Feb.3 First spining

WJuly 12 Heat run
Complete
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Fig. 7 Correction curve by atmosphere temperature
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Table 4 Design heat efficiency of GTCC#1

50% 75% 100%
Fuel gas  (km°N/h)| 188 232 281
Input @ [Heating value (kd/mN)| 4040 | 4040 | 4040
Total input  (MW) 211 260 315
Output(GT)@ (MW) 431 65.2 87.2
Output(ST)@ (MW) 36.2 437 52.8
Output(PS)@) (MW) 17 24 3.2
Heat efficiency %) 385 428 45.4
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Fig. 8 Correction curve by heat input
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Fig. 9 Correction curve by condenser vacuum
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Table 5 Corrected heat efficiency of GTCC#1

GT load (%) 100

Design heat efficiency %) 454

Actual heat efficiency %) 451

Corrected heat efficiency (%) 45.2

Correction Design temp. (°c) 15.0

(atmosphere Actual temp. °c) 13.8
temperature) Correction coefficient () 1.0002
) Design input (MW) 315.2
Oy Actual input W) | 2647
Correction coefficient  (-) 0.9938

Correction | Design condenser vac.  (kPa) -95.5
(condenser | Actual condenser vac. (kPa) | -98.4
vacuum) Correction coefficient (=) 1.0048
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Table 6 Heat efficiency of GT unit

- Design | Actual

Fuel gas  (kNm’/h)| 281 274
Input @ Gas calories (kJ/Nm')| 4040 | 4040

Total input  (MW) 315 308
Output(GT) @ (MW) 87.2 87.1
Heat efficiency %) 217 284
Atmosphere temp. (MW) 15.0 13.8

Correction coefficient (-) - 1.0003
Corrected heat efficiency (%) 21.7 28.4
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Fig.10 Simple heat transfer model of HRSG
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Table 7 Heat transfer performance of HRSG

GT 100%Load Design Actual
...Exhaustgas flow rate (/) | 1023 | 991
HRSG input temp. (°c) 567 556
" HRSG output temp. _ (C) | 160 | 156
Feed-water flow rate (t/h) 195 194
o Feedwatertemp. CO) | it |1
....Qutputtemp (HP) CC) | 540 | 528
________ Qutput temp (LP) _...CQL .30 ] 284
Feed-water receiving heat  (MW) 160 158
LMTD (°C) 53.5 52.0
Heat transfer performance (MW/°C)| 2.99 3.04
HTP’s gain (%) - 1.8

%8 5STHIL%
Table 8 Degradation rate of 5ST

Degradation rate (%) 7.36
Standard 5ST output (MW) 52.8
5ST output (MW) 491
5ST output (corrected) (MW) 48.9
e Design steam flowrate ... (t/h) 1.1622
S Actual steam flow rate oo W Laent
Correction coefficient (flow rate) (=) 0.9934
Design steam temp. c) 540.0
T Actual steam temp.  (C) | 5209
" Correction coefficient (temp.) ) | 09869
Design condenser vacuum (kPa) -95.5
Actual condenser vacuum (kPa) -98.4
Correction coefficient (condenser vac.) (-) 1.0239
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Fig.11 Comparison of internal efficiency (h-s chart)
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