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World’'s Most Efficient 5SMW-Class Gas Turbine, M5A

# t@O* Takuya lkeguchi
1 5@  Hiroshi Kubo
2 {£ #%®  Shinya Ishihara
] #@®  Motoki Yoshimura
$+ERG®  Keishiro Takeda
& #®  Tomoki Taniguchi
£ BH®  Toshiaki Sakurazawa
&% #®  Yuuki Ishitobi
%@  Takeshi Horiuch
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Under the Paris Agreement, which is a framework aimed at mitigating global warming, promoting cogeneration
(combined heat and power application) is increasingly important for realizing a low-carbon society. In particular, gas
turbine cogeneration, which enables the utilization of high-temperature steam, is expected to further boost efficiency.

By combining state-of-the-art technologies with Kawasaki’s expertise in gas turbines and extensive experience in this
field, all the elements are optimized through flow analysis and measured and evaluated the vibration of all the rotor
blades in a contactless fashion. M5A was also successfully developed, which is a cogeneration gas turbine with the
world’s highest efficiency in the 5SMW class and reduced NOX emissions. M5A has been adopted in 15 domestic and
overseas sites, and the total operation time has exceeded 160, 000 hours.
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Energy-Saving CO, Capture System KCC
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As an effort toward decarbonization, the demand for CO, capture is increasing. However, reducing its cost is a
technical challenge to popularizing CO, capture. Therefore, we are developing KCC (Kawasaki CO, Capture), which is an
energy-saving CO, capture system that is expected to drastically reduce the energy required to capture CO, with the solid

sorbent method.
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New Ash Handling System That Makes It Possible to Recover Energy
from Combustion Ash and Convert It into Valuable Resources

% H = 5AM® Munehiro Kikuta

T & E E® Yoshihiko Takemura

Wi A X #0® Daisuke Yamaguchi
2050FEETCHH—KR> 21— bZIEBEEBETHRIED
FEICH LT, HtdRERP/NA A X EBEE T 5RERN
ICTRET IR EEHHFAT 2HMEERAL, COHIBE E
DREBEEFMEEP IRV T—ENZRKZ 2 & THEICEERT
THHDEEZATWS. IFTICHEHEINBZBEIRTHD 7
CHERBHZADOINESNEIRIKCHD T 71T v>aD
ZINZENICH LT, BRMAATEZUH A JIEMERELL
T, N FHABRXOEMABRICL VIR EEZRL /-

The Japanese government announced its policy for achieving carbon neutrality by 2050. We believe that we could
contribute to society through reducing environmental impact, including lowering CO, emissions and recycling energy with
technologies to make effective use of ash generated in power plants using coal and biomass as fuels. We established
recycling technologies to make effective use of bottom ash, which is combustion ash discharged underneath the furnace,
and fly ash, which is collected from combustion gases, and conducted bench testing and demonstration testing to verify

their effectiveness.
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(Kawasaki Ash Cooling / Conveying Extractor)
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Labor-Saving Technologies for Municipal Waste Treatment Facilities and

Recycling Facilities
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Because of the declining workforce, municipal waste treatment facilities and recycling facilities are expected to face
greater difficulty in securing a sufficient number of operators, and it is increasingly important to develop labor-saving

technologies for economical and efficient facility operation.

In response to this situation, we have developed systems for reducing the burden of operators by using ICT (Information
Communication Technology) and robot technology, including KEEPER, a system for remotely monitoring and supporting
the operation of municipal waste treatment facilities, and K-Repros, a support system for hand-sorting recyclable waste in

recycling facilities.
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Development of Advanced Safety Berthing/Unberthing Assistance
System Aimed at Achieving Zero Vessel Accidents in Ports

2 XK @ Takeshi Sugimoto
8 B ® Z|® Takenori Hino

X I % B® Hiroshi Ooe

B M ¥ ®® Eiki Kazama

IR X = T® Moriyuki Sakamoto

SHOMPEEL, TLEELRMIERSNZEEAT
DEHIANEERTEL B2 ENEL, S5EIRLMED
BLEAKD SN TWVWS, St EAHAHER S X7 L EfFAR
BEMICHL2HMBARMDONY 7T T L REEP LT,
ARRM - BEEFEREMR - RRIER - RIEED 4 DOHIC £
—RBETXETHIHRID [RLHWEFIEIITL] A
FEIC) IR ARERAE U IR /S ARl & 2L ICH W A TV 3.
JNEE R B § 5 A EFERA L T, RRARIRETTO
MR - FAREED THY, 2025FNDHAEEKEBET.

In ports, which are congested with ships and require sensitive vessel maneuvering, many accidents are caused by
human factors and a higher level of safety is required. Taking advantage of our product technologies for marine
propulsion systems and general marine machinery, we are working with Kawasaki Kisen Kaisha, Ltd. and Kawasaki Kinkai
Kisen Kaisha, Ltd. to develop the world's first advanced Safety Berthing/Unberthing Assistance System that supports
maneuvering in port, berthing/unberthing, mooring operations, and mooring management in an integrated way. We are
conducting research and development by using Kawasaki Kinkai Kisen coastal vessels in actual service conditions,

aiming for social implementation by 2025.
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Fig.4 Example of system construction of KICS-5000
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Development of Marine Hydrogen Dual Fuel Engine and
Marine Hydrogen Fuel System Promotes a Carbon Neutral Society
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In preparation for the widespread use of hydrogen energy in a carbon neutral society, we are developing marine
hydrogen engines and hydrogen fuel supply systems as technologies to make use of hydrogen. For long-term
demonstration, we will install our marine hydrogen dual fuel engine on a large liquid hydrogen carrier targeting

demonstration operation in the 2020s.

Also, we will complete the demonstration of the marine hydrogen fuel system (MHFS) by 2030 and are aiming for the

commercialization of MHFS.
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Table1 Types and symptoms of abnormal combustion
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Table 2  Specifications of demonstration engine
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Table3 Particulars of MHFS (for four-stroke engine)
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SOPass Ship Operation Support System that Optimizes the Economic and
Environmental Performance of LNG Carriers
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The demand for natural gas, which is environmentally friendly, is increasing because of the global trend toward carbon neutrality.
Also, a greenhouse gas emissions evaluation system has been put into effect in the international maritime industry, and LNG carriers,
which play a key role in the marine transportation of natural gas, are required to achieve a good balance between boosting
transportation efficiency and evaluating environmental impact. SOPass, which we developed, allows us to respond to these challenges
by proposing optimal ship operations based on model calculations and evaluating environmental impact with operational data

analysis(Cll).
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Development of Autonomous Underwater Vehicle (AUV) with Robot Arm SPICE
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In the offshore development business, including offshore oil and gas field development, as well as in other businesses,
it is required to enhance operating efficiency and reduce environmental impact, and as a solution to it, there are
increasing expectations for the commercialization of autonomous underwater vehicles (AUVs). In response to such
expectations, we have developed SPICE, an AUV that is equipped with a subsea docking station and a robot arm for

inspecting subsea pipelines.
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Fig.6 Successful offshore testing jointly with TotalEnergies

7 BHRAUV 15
Fig.7 First commercial AUV
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Table 1 Principal particulars of first commercial model

AUV 27— 3 >
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Eith F g LR < —Eith -
®A (knot) 4.0 (max.) -
EAERE (hours) 10 (AREMEH) -
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FEHEMTE S X7 L (kW) 10
StESEE (Mbps) 100

FHZER1IRY. BIHAUVIE, ®KKZE000m T T#
WATTRET, #WH2 /v FTIORM D84 75 4 A
e THhb. F7 AF—¥ 3 YIFRAOME THA S
BHIENURETH ), AUVEHLE OB L EZ S
FTIENTED., T/, KFEEY AT LIZI0kWO DB O
ZEWLTBY, 3EHETOLXEINETDHS.

b & H &
AUVIZX %784 75 4 Yo HE{L 2 Hig L THdl

BRZITY, L7540 Ty F U FOFEERRICBW
TRAANVAY Y —DFVEHIiZH2 2 LB TE, FE7 4
— WV FANEADMEREZAFTETVDS.
SBRIETPARREE LR SRR 2 ISR R E LT, 251
7T A YRAEAUV TE; o 7o BRI 5 £ OV 7 — A 6l
HlizA» LT, BENSRO = — i 72k g T
BORSEEIT>Tw L. T2, EEREENEATLA[AUV
DEEBHTA KT 4 7] TR ENTBERE R 8 Z
i 3, L) EEIGERSRERAUVE HIET.
wEIC, MRAEHORY V7 —20EE LN, 7T
AV b7y F v FOFEFFEBIH R 72720 72 HAR M F
B, BAEtE v b RNCED T — O BFSICBI 72
PV E R lERICEHOE T RKT 5.

2 EZ XM

1) b, W% 2H:“HEKHMEHZF2  JIIBETO
AUV”, Kawasaki News, No0.199, pp4-8 (2020)

2) HERF 558065687, UK AR BRI AT RE W K UK AR
R

3) FERE 5569907087, “HATMME NFHAKEOTE S AT
2B X O HATRME KOS B

4) FFEFOEET0017307, “WEAKHE (EERRE NEOKAED T
— 2Ty 7

5) ¥R H7137342%, HATRE NEAKEE O 7T A
ST BB A RO AR L O T — L)

6) “HERMENFEKE (AUV) ICX 2K, 754 7
A O FEIERBRICEY)”, NGETES LAY
— A, 20204E7 H15H

7) WRMOUWGE S T T4 AT Ry T -4 %
L 7 AR A KBE [SPICE] % 323", I
EITETLAY ) —A, 202145 H18H

M X # = wmHES wE %
®HARME NNBEH E oA 0 AT

JUGE e TP - 1857 37
20234E12H



NOBFIJV—-VARI VI V=TI RU—Y3 VI AT L

Kawasaki Green Gas Engine Cogeneration System
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Table 1 Lineup of Kawasaki Green Gas Engines

[KG-18-T]
[KG-12] [KG-18] | [KG-12-V] | [KG-18-V] (2 BBS)
DTS- 12 18 12 18
A | 50Hz | 5,200 7,800 5, 200 7,800
kW) | 60Hz | 5,000 7,500 5, 000 7, 500
REHE (%) 49.0 49.5 [ 51,0
NOx (ppm) 200 F (0,=0%#HHE)
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Fig. 1 Two-stage turbocharging gas engine (KG-18-T)
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Continuous Granulation and Drying System for Pharmaceutical Powder LaVortex
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