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Distributed Power Generation Systems That Meet Energy Needs

— Cogeneration System Solutions —
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After the Great East Japan Earthquake, growing interest in energy has been motivated not only by energy conservation
but also by power supply security, as Japan’s energy and environment policies now mention the widespread use of
cogeneration. To promote the introduction of cogeneration, we are making an effort to strengthen its ability to make
proposals to customers about the configuration of the cogeneration system best suited to their demands for electricity,
heat, air conditioning and the like, and about the manner of operating such a system. This article presents our
approaches to cogeneration system solutions intended to maximize the customer’s benefit.
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Fig. 1 Expansion of introduction of cogeneration toward 2030
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Standby Gas Turbine Generator Set for Stable Supply of Electric Power

#E HAD Yuusuke Inoue
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After the Great East Japan Earthquake, the need for systems that can stably supply power in an emergency is openly
evident. We internally develop, manufactures and sells power generation facilities powered by gas turbines for a wide
variety of output ranges, as standby backup power supplies to be used by hospitals, communications facilities, IT-related
datacenters and other facilities that need to run 24 hours a day.

This paper presents the features of our standby gas-turbine power generation facilities as well as their operating track

records in disasters such as the Great East Japan Earthquake.
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Fig.2 Simple open cycle single-shaft type gas turbine
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Gas Turbine Cogeneration System for Energy Conservation and Better Power

Supply Security
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Cogeneration is capable of contributing greatly to energy conservation, energy cost reduction, and greenhouse gas
emission reduction. Moreover, new demands, such as the need to “improve power supply security,” have emerged from
the Great East Japan Earthquake. Under these circumstances, we are striving to provide gas turbine cogeneration that

responds to this change in market needs.
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Table 1 Major orders received after the Earthquake and
reasons for introducing cogeneration systems
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Fig.1 Anticipated introduction of cogeneration systems
(Note : Fuel cells excluded from data for 2030.)
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Gas Engine with World Highest Generating Efficiency — Green Gas Engine —
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Since 2007, we have supplied green gas engines as high-efficiency gas engines. They exhibit the world’s highest class
of power generation efficiency, as development efforts have been devoted to further improving power generation
efficiency. The results obtained from these efforts have been utilized in the market, being used at the Kobe Power Center
of our Kobe Works and Japan'’s largest 110 MW class large-scale gas engine power generation plants.
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Highly Efficient 30MW Class Gas Turbine, L30A
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From the viewpoint of reducing environmental loads and being aware of a growing demand for distributed power
generation and an economy-driven need for high-efficiency power generation, we have developed the L30A gas turbine
that boasts the world’s highest efficiency in the 30 MW class. This paper describes the design concepts, basic structure,
general design, and other features of the engine.
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Fig.3 Scaled-compressor rig test facility
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Fig.7 Telemetry system for power turbine and vibration
measurement test results
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Fig.8 Panoramic view of L30A package PUC300D and CHP plant
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Modification of 8MW Class Gas Turbine, M7A-03

#  HEEO® Hiroshi Taki
SERHFFO® Sakiko Shiga
FH #TE® Tetsuo Ukita
4H HE2® Makoto Gouda

2007 & WERE ZBIA L 2 SMWIRERIE A X 2 —E >
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113200, 000/ £ #8 2 CIEERICHR@B £ #E1F T\ 5. &5 %4
DEMEEEAND = — X & Z (3T, MTA-03ICH LT HHkHEHY
CHBEMEER > T3, ATETIE, M7TA-03DMEEER EA
DA DNTIBNT 3.

About 30 orders have been received for our 8 MW class high-efficiency gas turbine, the M7A-03, which first appeared
on the market in 2007. Those units are running smoothly with an accumulated equivalent operating time of more than
200,000 hours. To respond to the need for further performance enhancement, continuous efforts have been directed at
improving performance of the M7A-03. This paper presents our approach to performance improvement with the M7A-03.
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Fig. 1  Overview of M7A-03 gas turbine
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Fig.2 M7A-03 gas turbine generator package
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Fig.9 1st blade surface temperature measured by pyrometer
(Brade pressure side)
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Table 2 Performance of improved M7A-03

B R R

T (kW) 7,780 7,420
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A ZXBE (C) 523 510
E At 15.6 15.6
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1. 7MW Class High Efficiency and Low Emission Gas Turbine, M1A-17

#I #%@® Yasufumi Hosokawa
4H EZ=® Makoto Gouda

%  #%3A®  Yoshihiro Yamasaki
A HM@ Yoshiaki Kusumoto
k4 kBB Daisuke Uemura
£2# EHO® Naoki Kanazawa
BJZX E$® Atsushi Norimoto
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MIA-17TEFRFEL 2. REBEHRDEIR 7 X TEHRARSL
NIVD26.5%T &+, NOXBEHBIC &L T H35ppm (0,=0%

#EH) LT (0~15%#E T10ppmUT) CHFESMERREER L 2. 20105 4 A £ V) B TIHAREEFR IC TEAFBRED
BERZERAL, 2012FLIE, BAEZEHHASMTEERI BB LB /-

We have been developing and manufacturing power generation-use gas turbines for a long time ever since pioneering
the manufacture and sale of the first such unit in Japan. Based on this rich experience, we developed a new 1. 7MW
class power generation-use gas turbine, the M1A-17, with latest analysis technology. Its generating-end efficiency is of
the world’s highest class at 26. 5%, while NOx emissions are 35 ppm converted on an 0,= 0 % basis (10 ppm converted on
an 0,=15% basis), also the world’s highest performance achieved. The field test machine started operation in a power
generation facility at our plant in April 2010, and marketed units started operation all over the world, including Japan, in

2012.
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DLE Combustion Technology for Enhancing the Environmental Performance

/NH BI%E® Takeo Oda

#7F IE#@ Masahiro Ogata
WA E$EO® Kiyoshi Matsumoto
HFA XBI@ Shigeki Aoki

Il %G Atsushi Horikawa
EF BRH® Kohshi Hirano

LT, 0.7~30MWI S ZADERAX2—E > & &i&
WM ZAZ2THY, 2EBICH L TEHRESLANILOII v
DA MREERIET AN, MEBRORE - 2EE(EEToTV
5. ATETld, Yt ODLE (Dry Low Emissions) WAkl
DRESLUVUEIICOVWTIRN S,

With a product lineup of 0.7 to 30-MW class gas turbines, we are engaged in the development of combustors and
working to bring them into mass-production with the aim of assuring the world’s top class emission performance in all
models. This paper describes the development and demonstration of our DLE (Dry Low Emissions) combustion

technologies.
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Lean Methane- Fueled Gas Turbine Generator Set
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Ll ARKERIOBEE TR ELRMBRA X EEDBRBEA 2 AR BB E L GERT % [MERE X & S
2B —ELRERE| #HATHO THELA HRADRKRIEX ZAHEHIL THE EHLSARPICHEHI N TV B RFHDKE
EAZHADKEMNEIZ L ZBEMNRSZDHIR ERBICL2BMERAEEEL, AEEOERILEED T3,

We developed, for the first time in the world, a lean methane- fueled gas turbine generator set in which ventilation air
methane (VAM) obtained during the excavation of coal is used as fuel. Aiming at the reduction of greenhouse gases
through large volume treatment of unused lean methane gas, which is emitted into the atmosphere from coal mines and
landfill etc. around the world, and simultaneously aiming at its effective use for power generation, we are accelerating the

commercialization of this system.
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Fig.1 Greenhouse gas emissions and sources around the world
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Fig.2 Methane emitted into the atmosphere from coal mines
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Table 1 Design performance of system
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Table2 Equipment specifications of gas turbine generator set
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250kW Turbine Generator based on Organic Rankine Cycle with Effective
Use of Low Temperature Heat Source — Green Binary Turbine —

#O #EZO Kazuhiko Mizoguchi
B 5t@ Hajime Shimizu
#$8AK FEFOB Hirokazu Suzuki
=% [EH@ Naoki Miyake

S5 #F® Yuko Konno

W #=® Seiji Yamashita
ZH IFEEH® Masashi Sawada
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DAMEBNRE DEIEHBRNDE ) A4, EEERSFIAD
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We have developed a “green binary turbine” that uses low-boiling-point alternative CFCs as the working fluid with the
aim of recovering distributed waste heat that exists in unused condition (80-120°C). After a demonstration that used a
waste hot water source from a gas engine at the in-house power station of our Kobe Works, we are pushing ahead with
the development of products compatible with diversified heat sources by conducting geothermal power generation
verification tests jointly with Kyushu Electric Power Corporation and participating in advanced waste heat utilization
projects using low-temperature steam such as waste incineration plants.

¥ AN E

WHTIE, TIRREI, TABEESOIREKZ E, fE
RIEFH ST L THET 288 (80~120C) @
EXZE HYZ, Kikricd 2% 7 g v 2 BRI W
THHS O F VYA 2V D250kWAR/INEIN A F1) — S8 %
fig [ 7)) =24 F) =5 —E ] 2SI 2010412,
AL TN O HRIEEAT [HiF /87—t v & —] 123
BL, BT CHEFIGEREZHITTwD. B8 (7)) —
YHALY Y V| EHMAEDET, BEITBERIE0%H
ENHBFSEATE L CIIEE WAVWRIEREGE L T b,

KEGTRRMNT B/NRIN A 1) — I8k, 4+EAT1980
EACRIBEIC %S - 8/ L7271~ (CFC-11 : BUAE X HLH)
WX EEINTORW) ZIEBBAE 55 2 ~ 4 MWHk
INA F Y —REBREMOMBIESN LD THS. ¥—F
UEEEIE, RO —2 L7 a7 AFHMICE) ¥
—U v EEEEY —MEL, 2o, RENiESELZLET
a7 MR- TWA. T2, TEBIARZ 2% E
L, RANOEROTFHEAENLE VI IFREHT 5.

1 8B B
(1) EEHET

HRANT =k y —ICRRE L 72T — N4 F ) =8 —
BB OTEFETZ R IIRT.

*®1 EE#ET
Table 1 Main specifications
= B Tt 1%
AT FJrxHYAL T
TEBNIRIA RKE7O>
TR (kW) 250
4 —E LRI MMRBERL TV IR
HERERK KABA 3B A E R E AR ER

REHTE (kVA) 250 (F1%1.0)
A & #H (min?) #99,000 (RIZ5ER)
AREG FAIREXY T IV& T4 > Fa—TX
(BR) ADEE (C) 0g*"
TEBREK HE (/h) 180*"
SHiEas A SIN& T4 Fa—TR
(025 1:) BE (C) 20*"
TBERAHIK & (t/h) 480"
COHlifE #9550t.CO./ £ *?

*1) TEAREM 1 250kWDREICDLBE4BK - AEIKES
*2) BEHN-/Ny 5 — RSN D

42 D2RDG) HAY—E v By v/ 8m— BRE YR 2ty v — ¥—C Ui

© PeArpaFEARE BT #1327 LHFEH

@ BRI > 27 28T ¥ 5 — HE D X7 LT



M7 A7 1

X1 YA 7IVER

Fig.1 Cycle composition

(2) B4 UIViERK

HEARM VBN £ 7 VAR 1 12RY. F—E
JETERE L IR, B DIARRRSE D e TNty
r— D#IPRE AR L L, BACRHE, HHKRMIZ
F—UHiPNE LTnb. BFICIES ST LRESD S
DT, ZFRITIE LTSy & — VHiAINZ %G 5 LED D
5.

BRI, WAROIRECTFHAIRZ @) IR S /-1, &%
MICBWTRMAESRE 2 5. BMESITY - U BERT
250kW D BN )y & F5HE S 7o, Shinds CEEW S Uik &
b, ¥ —E VREBRCH B O O BARO JE L IE <
SEEVZEM R A 7V EFEH L Tn5.

B e KGR A RA L 720 T, ZEhREMma e AL
T LR T, BFEAERE Y — VRO R EGE
FERKRE WD, YA 7 IVEIERM LT 5.

2 B kK

(1) 24—E > 3EH

y—VC U REBRONHRZR 2 IIRT. ¥F—E v E5%E
WO —AHEETHLZ L, SHLICKERO—F L AT—%
DOMICHEAMEIRO F ¥ v AT 5 2 & THAADTRMD
N EIHERTH 5.

BT — 5 DM, Y RTZHKETHFT TNV T0a—
M358 T, Yy 7a—ERIERLT/MEL

- (.
Vi) wanma &
WHETAA {§§>ﬁ

BFEKIRA

2 A—ERE#HYNETI
Fig.2 Turbine cut model

BE%2ae4

THRHTE L5720, EENEL RS 20, FEED
a7 MEEKSTWS, $72, ¥ —E v E5tEKE
ERLTWD I EnD, —RINICHRH S NS R E AN
PLld.

¥ VIR L OBAEERE, BX UL - #Y A 7L
AR L, WERCEARORMICHENE N & 2R
L7zETHRHALTWAS.

FEEME T — & HOWHNIBARAE K TITo T b, @EIX
77 v ERT, u—F A7 -5 2T EGT LN,
O — 7 i v YT & b7, =T 7 A
MWTERWV. LoT, BE AT —FHOREEGHT 7
DI, ARERICER 7 7 v Z2FRIT TV A,

4 v R OIRB L OHEROGHIEHIEIRIL, Bt
K732 (CFD) fRHTIC X b, RH SN T2 BARDREIC
HhETRENLZK>Tn5.

(2) BAZHZR

FEFELHITE TR L 95 2 & T, 20N ST
ERERT F CHARZ 72T BN e <, I il 20 25
HROREREZRDVIEL TS, B, it FEEARIEEE
Y 7V — T REOWIUTHEOFM 2 @S L &b
2, 2B BB BRI R X 0 2 0
R L7228 T, a7 MeZERmLTAHIENTE
7z.

Fetar TR D 2 ~ A MW A F ) —FE 8 i T I
DB 5 HEHEORHNRHEZRHA L T 5.

(3) ® f&

BORME, et Btk WY HFoRd s, AT OB
il &7p DRERZEHEG L, BEREICER (5 i
PRE 0, HERIRBEICRBUI BRI ), B - AT
A, AT, BBV E ) RAEDTO
WA E TR TH A B LTRE 7oy 2EE L7

(4) BR - HIERH
A - R OM 2R 3 1R

AUl

BNEREE
e = = 2—E L REHE
FRIEN =" ==y | TEFONY 1 . _
(ACA40/400V & ~ia #19,000min"
50/60Hz) \ = (#)450Hz)
HfEEE

CNV: BB/ S—2 (REHHE)
INV: REEERBA N —% (REEER )

N o 1 (R AE
e hEE | SHER S REEE
R IR {Ei);/ﬁi(éi)})&—’r‘zx

EBEREE, LUSIEEE

EDAEHDICHI AT EE

“NauErsioan

3 ER - HERER

Fig.3 Diagram of electric and control systems

JUGs B TP - 173% 43
20134 3 1



o

HERFE

FEFEME O W EAF450Hz 2 EHAL L, 2258 ML
ZHE 2 5ERH T oo =%, Wi REE I —3K
L7223 E T A RGHBHA 3=, BLORKLEERD
Bt - W - PREERSREE A L, HEhEE) IR -7 v X
ZE L2 HIA S, & O IR e 2 — s e L7
LT,

F 7o, AR,
BB LTW5b.

AR & o AHIIZ S RIS

(5) BB EFHHE

INA ) —FEEBR T, BIROmEAME <, ALK
SUMEREETH 720, AR TE ZIREAEIVN S .
HEO L) RKIEDR R WAL, & OITHREEIVNE
K%Y, ¥—EVHRIENDB EAT L0, KRESHER
POTNBEILITHhDE. ZOX) RYE, EREER (8
9,000min"') TOMIETILY — ¥ VRS2 R VKT T 5.
LarL, BUZEBREEICL ) & — ¢ o gmEnini e Rk
WL ST L CHIBEITE 20T, #7,000min ' T
52T, WA R L 25T 5 2 &
PURETH 5.

R4 #ENT—t2Z2—TOYA 7 IVER
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Kawasaki-MAN 48/60 4-Stroke Diesel Engine for Stationary Power Generating Plant
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Fig.2 Flow diagram of waste heat recovery power plant
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F U - FBHR 5th Floor, Meridien Commercial Tower, 8 Windsor Place,

Janpath, New Delhi 100 001, India
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Office 432 (4th floor) |,

Entrance 6, Krasnopresnenskaya nab. 12,

123610, Moscow, Russian Federation

Kawasaki Heavy Industries
(U.S.A), Inc

Kawasaki Heavy Industries
(U.S.A.), Inc. Houston Branch

Kawasaki do Brasil Industria
e Comércio Ltda.

Kawasaki Heavy Industries
(U.K.) Ltd.

JNBETH (L&) BRAT
Kawasaki Heavy Industries
(Singapore) Pte. Ltd.

Kawasaki Heavy Industries
Middle East FZE
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60 East 42nd Street, Suite 2501, New York,
NY 10165, US.A.

333 Clay Street, Suite 4310, Houston, TX 77002-4109, U.S.A.

Avenida Paulista, 542-6 Andar, Bela Vista, 01310-000,
Séo Paulo, S.P.,, Brazil

4th Floor, 3 St. Helen's Place, London EC3A 6AB, UK.

i NIRRT i ol 380 X ol 574 628875 Al Lzl v o 10FK

6 Battery Road, #23-01, Singapore 049909

Dubai Airport Free Zone, Bldg. 6W, Block-A,
Office No. 709, P.O. Box54878, Dubai, U.A.E.

& 86-10-6505-1350

@ 886-2-2322-1752

@ 91-11-4358-3531

@ 7-495-258-2115

Fax.

Fax.

Fax.

86-10-6505-1351

. 886-2-2322-5009

91-11-4358-3532

7-495-258-2116

@ 1-212-759-4950

@ 1-713-654-8981

B 55-11-3289-2388

B 44-20-7588-5222

@ 86-21-3366-3100

B 65-6225-5133

@ 971-4-214-6730

Fax.

Fax.

Fax.

Fax.

Fax.

Fax.

Fax.

1-212-759-6421

1-713-654-8187

55-11-3289-2788

44-20-7588-5333

86-21-3366-3108

65-6224-9029

971-4-214-6729
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