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Demonstration of Hydrogen Refueling Station Using Renewable Energy
for Fuel Cell Vehicles

Dr. Akitoshi FUJISAWA - Shigeru KINOSHITA + Dr. Shin-ichi MIURA - Sueki NAKAO * Fumiaki SUZUKI + Kazuhiro YAMASHITA
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Abstract

To significantly reduce CO, emissions during the production of hydrogen for hydrogen refueling stations, it
is effective to use water-electrolysis hydrogen generated with renewable electricity. Kobe Steel has devised a
configuration to add a hydrogen generator using a solid-polymer-electrolyte water electrolyzer (20 Nm®/h) and
equipment for storing generated hydrogen at a high pressure (45 MPa) to a standard hydrogen refueling station
(hydrogen supply capacity 300 Nm®/h) and has designed and built a demonstration plant. The demonstration
included the operation of the water-electrolysis hydrogen generator for about 780 hours with the variable
power source without any problems with followability and durability. In addition, the function of the entire
system designed was verified by the operation linked with the hydrogen refueling station. In the future, further
cost reduction and efficiency improvement will be considered. It is necessary to set a social value for hydrogen,
which emits less CO.,.
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Fig.1 Conceptual diagram of hydrogen refueling station using renewable energy

Hydrogen compressor,
refrigerator unit

Dispenser
Electrical room

Intermediate hydrogen compressor,
storage tank unit

Existing hydrogen
refueling station

Water electrolysis hydrogen
production equipment

2 HIAHRAKKEAT - 3 v IERER
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Fig.5 Demonstrated operation of hydrogen production / hydrogen refueling to FCV
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Design Technologies for Hydrogen Refueling Station Using Hydrogen
Filling Simulation

Kazuhiro YAMASHITA - Fumiaki SUZUKI - Keita FUKUTANI -« Kazuo TAKAHATA + Taku KATSUYAMA
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Abstract

In the hydrogen refueling station business, it is desired to design equipment specifications balancing the filling
capacity and capital investment in accordance with applications, in line with the future dissemination and
expansion of fuel cell vehicles (FCVs). Shinko Engineering & Maintenance Co., Ltd. has developed a technology
for dynamically simulating hydrogen filling. The utilization of this technology allows optimizing the capacity
combination of the compressor and accumulator, the major apparatuses of filling equipment, in accordance with
the application, and thus reduces the construction cost of a hydrogen refueling station. This paper introduces
simulation studies done on three cases of hydrogen filling: namely, a general hydrogen refueling station for FCV,
a low-cost hydrogen refueling station aimed at reducing equipment construction costs, and a hydrogen refueling
station for FC buses. These studies have led to data that is useful for understanding the basic specifications and

FEATURE : Energy and Environment

the filling capacity of the filling equipment at hydrogen stations for each application.
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Table 1 Condition of differential pressure filling simulation for FCV

Initial condition / Boundary condition Similation specification
Fueling protocol JPEC-S 0003

Dispenser pressure class 70 MPa

Pre-cool temperature category -40°C

Capacity for average hydrogen supply | 300 Nm'/h

Filling method Differential pressure filling
Ambient temperature 20C

Target average pressure ramp rate 28.5 MPa/min.

Volume of FCV tank 1224 L

Initial pressure of FCV tank 10 MPa

Initial temperature of FCV tank 20C

Final state of charge or fueling amount | Final state of charge : 90% (more)
Communication / Non-communication | Communication

Pressure (MPa), Temperature (C)

Hydrogen mass flow rate into FCV-tank (kg/min)

-10 > -03
Pre-cool temp. category: —40°C
2 @\ —40°C = ® fueling temp. = -33C 06
-30 -08
S — 2
;. \ y e 2
0 10 20 30 40 50 60 10 80 90 100 110 12 130 140 150 160 170 180
Discharge time (s)
(I : H2 press. in storage-tank[Low-BANK] (MPa) (® : Upper press. tolerance = +7.0 (MPa)
(@ : H2 press. in storage-tank[Middle-BANK ] (MPa) @ : Lower press. tolerance = -2.5 (MPa)
(3): H2 press. in storage-tank[High-BANK] (MPa) : H2 press. in FCV-tank (MPa)
(@) : H2 press. at down-stream side of dispense coupler (MPa) @ : H2 temp. FCV-tank (‘C)
() : H2 temp. at up-stream side of separation coupler ('C) (0 : H2 mass flow rate into FCV-tank (kg/min)

2 FCVIIFAERM Y I 2 b —Y a YRR (£, E, o)
Fig.2 Results of differential pressure filling simulation for FCV (trend chart of pressure, temperature, and flow rate)
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Table 2 Condition of cascade filling simulation for FCV

Initial condition / Boundary condition

Similation specification

Fueling protocol

JPEC-S 0003

Pressure class

70 MPa

Pre-cool temperature category

-20C

Capacity for average hydrogen supply

300 Nm*/h

Filling method

Cascade filling

Ambient temperature

20C

Target average pressure ramp rate

JPEC-S 0003

Volume of FCV tank

1224 L

Initial pressure of FCV tank

5 MPa

Initial temperature of FCV tank

20C

Final state of charge or fueling amount

Final state of charge : 90% (more)

Communication / Non-communication

Communication

10— FCV-tank temp. operating limit (85°C
a0

Pressure (MPa), and temperature (°C)

—26°C = (3 Fueling Tem,

Pre-Cool Temp. Category : —20°C
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: H2 temp. at up-stream side of the separation coupler (°C)
: Upper press. tolerance = +7.0 (MPa)

SIS

: H2 press. at down-stream side of the dispence coupler (MPa)

(8 : H2 press. in the FCV-tank (MPa)
@ : H2 temp. in the FCV-tank (°C)

) : Lower press. tolerance = -2.5 (MPa)
: H2 mass flow rate into the FCV-tank (kg/min.)
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Fig.3 Results of cascade filling simulation for FCV (trend chart of pressure, temperature, and flow rate)

DENiERIEZ 7DD TH b, €I THRITOFIEE L
T, FCVIARITHT % FERHIZ 10 0 RIESHAR SN D
bDEEZ T T2, T 7 — VRO #ESA O
BIOEKI R MLEM S 720, FCV ORHEIREHREE X
I -20CE MM L7zo KEAT =T 3 ¥ OFEMESD
RIHICETLTLE ) 225X, FCVADK
FABIEMEEA A R ir) e L F
7z, I Hd 72 ) OBEIKE ORI — BN % K
AF—=Ya v IIBA MR (5kg) &FISEEEY
BRTEDLEME LTRELL,

JEfit%E % 340 Nm®/h X 82 MPa, #FHHEZ#% 3001 x 1A
W e LCTHIAGDLESL Z LIS, FEMEIHH TSI
AT THIEAR90% L I - FEIEIRER 580 B #2 E & 3Z W T &
LR oNS (R3). BliKEAT— 3 V13,
WIHO— %R FCVIFKEATF—Y a v L REELT
HIEGAK (3001 x 24%r) BLXUOHETHEE - 7
B EEAEET LI ENTE, B - 2V TF AR
ZELAMRAON D, Vo lE) T, MHHEIREHRE — 20T
ROTHETHREAT—TVavid, —40CTKSR -
30C X TRkt & g L CHpisbsIcit e s s B

W) HIW & KFEA T — 2 3 R CHBRARARE S R R
B%, RERTIHRESZERZIMICL > THRET S
LIZED, J0ELOREFRECKETLIILEZV),

Standard fueling Top-off fueling

IR A

e

|

Pressure (MPa)

Discharge time (s)
B4 v 7t 7 HHONF
Fig.4 Tllustration of top-off fueling procedure

EAERENIME N, Z D720, Bk EONGIREN R W
LA RHEAERNESHITKT L, AR 105 %
WMz CRIEMLT A LR 5, T/, JPEC - S 0003
BHET Dby TATHRHY BLUT =Ny IR
Y ABIT LS, BEBHIELS 25720,
BB VEFHAHWIT 2 & o ZRMENFET 5,

by 7oA 7R, TEORP T EEAERLD
bV HEEA R R 2 7212808 Ll LTk L TS
NafHzZ V) (R4), FIHEFOFCVIRE S > 7 OF)
HMENDBD TR EO—ERMF 2L, D, K
FiEAE S % EATR ORI, FCVIRES ¥ 7 0k

10 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 70 No. 1 (Jul. 2020)



FHEEOMPN THRIHEZ MR IELT LN TE D, B
FIE, BE 7T ABREOREEOWRITK L AR
PG ~THGELZ>TLE ),

T =Ny IR L, B SR & AT I
FOPRRHREE 28 13- U Cos BRI 138 & 7R kL
WEX S EEz 2L &, BT 2EX 58 C Tk
REEAEENB L O 2 HESERE2RELE LT
WdE L CER SN TIEEZ VS (B5), 2F ), Hf
WMEFEZ FEThTHhIUITE R 1 BICRY 7 4 — N
v 7 REABITTE, RS ELNE, LHL
PR PREHILEE — 20°C X 4 CHLW @ 45 T3 & FE47T 2K
FMEN LR L2 Z21E, I X ) Sl oW E X 553
FAEL R\ T28 7 4 — VN 712 X 5 FEHik e 1 1 AL
NP ICTRESHRILTLE ),

RITHA L7 BEAUREA T — > 3 1, Bk - #
VT F Y ABOKIBICHIFETE S, LELEDOVSITH
T, AREMNIZBWTERE ST D AR ERRHLE
—J0CK D CTHFTENIZKEATF—Y a v L KT B
LHEHHITOMBAL L, FAE%D S L. 20D, b
522 U FECV % KL RIZH bk x2 Z 8 LTk
fEREr L TBLL I ENRZE T Ly,

2.3.3 FCNAZRMITKFRT—T 3> OB

EEY) T4 GIICB A KREFHEHIZ, FCV &KFE

Standard fueling Fall-back fueling |

I
|
| g o
I A
TR Sk T T T &

Pressure (MPa)

Temperature (°C)

Discharge time (s)
5 74— Ny 7 O
Fig.5 Illustration of fall-back fueling procedure

AF—varDERKEROMIBEMNINTE . HAREN
WZBWTIE, 20174EH 5 FCANZ DEITHABBEI N TH
D, GHBIEFCNAIIHIG L72KEAT — ¥ 3 v O
PERICHEF 72 MADIEL T & PHEN L, K
T, MEOKEAT—Ta VIZBEE R s
340 Nm®/h #k & Atk % 15 H L 72 FC N AT K FE A 7
— ¥ a v ORMALRRICE§ 2 A EB 2 A3 5, ¥ 3
22— a YEMEERIIRTEBYTH S,
KFEAT = a v OIRMAMTH 2 KFEMAGHE L,
FCV R FC/NA 7 82§ B & 72 ) O30 7 k%
BN ZERLTBY, ZHIIEMEORR & B
WKHRLTWS, Wal®), ¥— s kEREREN I,
KEFEAT = a vd3d s e SNz 1 RBNICHEE LS
LARELRBERENORT V¥ v VEIET, T HIFHIZER
PORETI 72T Th L, EMREEMABDELEEROR
BRFCVAOKERBE S XL SEBRL TV D, AHEH
MEticB i, AFELRE T ITEMmBESE e X%
FRH L7z BHERB LY — 7 BoKERERIE2F =
v 7§ 570, FCNA3IHIH L THEN5 kg DKHE
Z 1M CHRETRRTHLIEZYI2L—Ya vilk
DHERL, EMiPEORE)) &L BERORR L DAL DY
ZIET L7z,

KRERWEY I 2= a VERZRI 6 IRT. R

£33 FCAHARMITHHTEY I 2V — 3 V&

Table 3 Condition of cascade filling simulation for FCBus

Initial condition / Boundary condition Similation specification

JPEC-S 0003

Fueling protocol

Pressure class 70 MPa
Pre-cool temperature category -40°C
Capacity for average hydrogen supply 300 Nm’/h
Filling method Cascade filling
Ambient temperature 30C

Target average pressure ramp rate JPEC-S 0003
Volume of FCV tank 600.0 L

Initial pressure of FCV tank 10 MPa

Initial temperature of FCV tank 30C

Final state of charge or fueling amount Final fueling amount : 15 kg (more)

Communication
500 Nm’/h

Communication / Non-communication
Max. capacity for hydrogen filling

Pressure (MPa), Temperature (C)

110 Limit temp._for operating FC Bus-tank (85°C) Filling 15kg H> has been finished.

100 3

w Q ‘@ n 21
! | Iy

Storage-tanks do not recover | 03

)
b
Hydrogen mass flow rate into the FC Bus-tank  (kg/min)

- Pre-cool temp. category: —40°C to initial press. (82 MPaG). 05

-0 —40°C = (® fueling temp. = -33°C

0 ®\ -09

- — F et e -2
o 300 600 800 1200 1500 1800 2100 2400 2700 3000 3300 3600

Discharge time (s)

(D : H2 press. in storage-tank[Low-BANK] (MPa)

(2 : H2 press. in storage-tank[Middle-BANK] (MPa)

(3 : H2 press. in storage-tank[High-BANK] (MPa)

@) : H2 press. at down-stream side of dispense coupler (MPa)
() : H2 temp. at up-stream side of separation coupler (‘C)

® : Upper press. tolerance = +7.0 (MPa)

@ : Lower average press. ramp rate = 1.0 (MPa/min)
®) : H2 press. in FC Bus-tank (MPa)

@ : H2 temp. in FC Bus-tank (‘C)

0 : H2 mass flow rate into FC Bus-tank (kg/min)

6 FCONAMNFIEMBEOE T LY S 2 L—3 a9 VB (8. IREE. ko)
Fig.6 Example of cascade filling simulation results for fuel cell bus in peak period (trend chart of pressure, temperature, and flow rate)
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Development Status of HHOG Aimed at Arrival of Hydrogen-Based
Society

Yutaka ISHII + Sueki NAKAO
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Abstract

In anticipation of the coming hydrogen-based society, Kobelco Eco-Solutions Co., Ltd. has advanced the
technical development of a water electrolysis hydrogen generator, HHOG™ (High-purity Hydrogen and Oxygen
Generator), using solid polymer electrolyte membrane (PEM). In recent years, the company has participated
in a demonstration project for developing hydrogen production technology using fluctuating power from
renewable energy and is working on the further improvement and refinement of HHOG based on the results
and knowledge that have been accumulated so far. As a result of reviewing the specifications of HHOG system
components, the initial cost and equipment installation area have been reduced by approximately 30% and
20%, respectively, compared with those of the conventional HHOG with a base output capacity of 60 Nm®/h.
In addition, an electrolysis module has been developed whose power consumption during hydrogen production
has been reduced by approximately 10% compared with that of the conventional model, thus improving the
efficiency of hydrogen production. Furthermore, several demonstration tests have confirmed that HHOG can
produce hydrogen following rapid fluctuations in photovoltaic power generation, revealing its applicability to
renewable energy hydrogen refueling stations and to water electrolyzers for hybrid energy storage systems.
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Fig.1 Principle of electrolysis of pure water
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Fig.2 General view of HHOG for demonstration project of Ministry
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F 1 BEIAFEIEFHEN HHOG o114k
Table 1 Specification of HHOG for demonstration project of MoE

Item Specification
Output capcity 20 Nm*h
Purity of Hz =99.999%
Feed pressure Approx. 0.82 MPa(Gauge)
Dew point of H2 =70C
Length Approx. 4,600 mm
Dimensions Width Approx. 2,000 mm
Height Approx. 2,200 mm
Outdoor specification
Others (Measures against wind, rain
and salt damage)
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Fig.3 Power supply circuit to HHOG for demonstration project of
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Fig.4 Outline flow of facilities for demonstration project of renewable energy hydrogen refueling station
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Fig.6 Operating state of HHOG using simulated power supply of
solar power generation (cloudy weather in summer)
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Fig.11 Appearance of HHOG for NEDO demonstration project

% 2 NEDO JZiE A HHOG D4
Table 2 Specification of HHOG for demonstration project of NEDO

Item Specification
Output capeity 5 Nm®h
Purity of Hz =99.999%
Feed pressure Approx. 0.82 MPa(Gauge)
Dew point of Hz2 =70C
Length Approx. 1,700 mm
Dimensions Width Approx. 900 mm
Height Approx. 2,000 mm

JTE4) SO H B MET — 5 & W TRERZALS 2 Bl 2 4
&S bRk
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Fig.12 Test of 72 hours continuous operation of NEDO demonstration
system assuming long-term blackout
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Fig.13 Trend of power supply and hydrogen flow rate of HHOG
(demonstration project of NEDO)
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Compressor for LNG-fuelled Ships

Hitoshi TAKAGI + Katsuhiro SEYAMA - Hirotsugu KINUGAWA - Satoshi TEZUKA - Takayuki TOMOCHIKA

E: 354

HASE R O BRIEBH AL I > TIRE2 TRV U VO MEGLE X-DEDBHEH SN TBY, Thoy Y rodh
AW AT DED N B IEMEOTEL RSP RA TN L, ARTId, Moy r2@8aidsLedic, BHH
BHOV Y 7 a LA OIS A S L 72 ACER BRI LR T AR = ZAAVN S BRI R T, oA v
FF U AMOENTEETE Lice ALZZEZA M) Y ZREZA D UIE, SEY Y ARUICHERTIZ AV F -7
N, 2B LD Lo 27 MK, F A DFA R DAL BB D T A IR U 2 2 ) A,
AR ) Y& EEMR T ) Y S OMAGDEIC L ) H ANOIMEA B & B0 BIF 2 WA - 12
HEE % i A7 & 872

Abstract

With the tightening of environmental regulations at shipping firms, the low-speed dual-fuel engines ME-GI and
X-DF are attracting attention, and the demand for the compressors used in the gas supply systems of these
engines is expected to increase. This paper outlines these engines and describes the features of a Kobe Steel
reciprocating compressor that was designed for the application. The company has adopted a vertical type
compressor, which requires a footprint smaller than that of a horizontal type compressor, and is designed
to have excellent maintainability. The piston-ring-type piston that was adapted has higher energy efficiency
and a lower risk of metal contact than a labyrinth-type piston. The newly developed compressor incorporates
a control system corresponding to the changes in the amount of gas generation and gas supply to multiple
destinations, and combines oil-free and oil-lubricated cylinders to solve the problem of oil mixing into the gas as

FEATURE : Energy and Environment

well as to achieve excellent durability and reliability in the sliding parts.

-7 —F
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1. ME-GI & X-DF
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1.1 ME-GI
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ME-GI Engine
(fuel injection in
compression process)
4 30 MPa
15 MPa | grc for ME-GI engine ! MPa\ DFDE
q - >
(reciprocating compressor)
—

Partial
re-liquefaction system

LNG
Cargo tank for LNG vessel

1 LNGHEWAR ME-GI = > ¥ & 7 A#E > A7 &
Fig.1 Gas supply system for LNGC ME-GI
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X-DF engine
(fuel injection in
suction process)

N

1 MPa

v

DFDE

GIC for X-DF engine
SCrew compressor

4

Partial
re-liquefaction system

Cargo tank for LNG vessel

2 LNG#EWIRX-DF = > ¥ ¥ AR A7 &
Fig.2 Gas supply system for LNGC X-DF

# 1 ME-GI & X-DF & [Lix
Table 1 Comparison of ME-GI and X-DF

ME-GI X-DF
Dual fuel
Fuel (Heavy oil and natural gas) Same as left
Engine type 2-stroke Same as left
Fuel gas SUPPIY | 30 MPa 1 MPa

pressure to engine
Combustion method

Diffusion combustion Premixed combustion

Fuel gas supply
timing to engine
Compressor for fuel gas

supply (/1 engine)

Compression process Suction process

Screw comp. 1 unit

Reciprocating comp. 1 unit Reciprocating comp. 1 unit

(DFDE : Dual Fuel Diesel Engine, 2 jc#E 71 —¥
VI I V) I EnND, VY OB AR
HBLNG % ¥ 7 55 O BOGHA & % T ul 5 54 e iy
(2, AFBOGZ B L L ST v 7 IR Hi1t
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2.1.1 BRITinEE
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Fig.3 Reciprocating compressor unit for ME-GI

2 MEGIHB XOXDFH L ¥ 7 alEfutEoHdkEp)
Table 2 Typical specifications of reciprocating compressor for
ME-GI and X-DF

For ME-GI For X-DF
Gas supply to .
Purpose engine and partial Gas. supply to partial
= : re-liquefaction system
re-liquefaction system
Suction pressure 0.0~0.02 MPa 1 MPa
Suction temperature | —140~43°C 0~43°C
Discharge pressure | 30 MPa 15 MPa
Number of stages 6 3
Capacity 4700 kg/h 4800 kg/h

R4 MEGIH LY 7 alEfikg ()
Fig.4 Reciprocating compressor for ME-GI (vertical type)
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= Energy loss
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Fig.6 Comparison between piston ring type and labyrinth type
(internal leak of gas)
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Fig.7 Comparison of piston ring type and labyrinth type (risk of
contact of piston and inner surface of cylinder)
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Utilization of Cold Energy in LNG Receiving Terminal based on LNG
Vaporizer Using Intermediate Fluid
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Abstract

Intermediate fluid-type vaporizers (IFVs), which are a type of LNG vaporizer, have been used to take advantage
of the cold energy of LNG, for example, in cold power generation. Recently, there is an increasing number of
cold- energy utilization projects using cold water from an IFV for, e.g., the intake air cooling of gas turbines.
This paper introduces the latest trends in LNG receiving terminals, including offshore receiving terminals, the
features of IFVs as LNG vaporizers for cold energy utilization, and examples of cold energy utilization using

FEATURE : Energy and Environment

IFV, including gas-turbine-intake air cooling.
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Connecting piping
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E-1 intermediate fluid vaporizer
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Fig.3 Schematic of intermediate fluid vaporizer (IFV)
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Fig.7 Schematic of process flow of IFV for supplying cold energy to air conditioning apparatus
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Fig.8 Appearance of IFV for supplying cold energy to air conditioning
apparatus in Kagoshima Terminal of NIPPON GAS Co., Ltd.
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Expanding Application of Micro Channel Equipment (Diffusion Bonded
Compact Heat Exchanger; DCHE™)

Yasutake MIWA - Masataka AZUMA - Dr. Koji NOISHIKI

E: 34

TN PEARWEGO—FETH D~ A 7 0 F v RIVESHEE, TRl - 3087 MEPERE NS R
B AREER L LCREEOWMMAME SN TnD, ZOHTYH, IEERILRART A (LNG) % w72 EHtG >~ A
T ARY T I A4 MEHINFIERLNGRALE & L TOFRENEIML T b, REHAHETEMEESLI > /827 b
PEATRD BN DT AH, Bk & 7 B IAROHKE T 205K D LFE R 5o ILHEEET 3 o3y b EscHf g (Diffusion
Bonded Compact Heat Exchanger : DCHE™) T3l #2422 > & 7 b 2 BASHEFRFHCH Y AN, ik
FEHRLNG # FH VTR 2 920, SALPEREREPH R S |23 2 ka8 238 L 720 AR Tid, DCHE™ @ LNG
SALER BT 72 B D LA DO W TR %o

Abstract

The demand for microchannel heat exchangers, a type of compact heat exchanger, is expected to increase
as they are used in applications requiring light weight and compactness and as apparatuses for offshore
equipment. Above all, their demand has been increasing in recent years for use in the fuel supply systems of
offshore equipment that uses liquefied natural gas (LNG) and small-capacity LNG vaporizers for satellite bases.
These applications require, not only pressure tightness and compactness, but also measures to be taken against
the freezing of the fluid serving as the heat medium. In the case of diffusion bonded compact heat exchangers
(DCHE™S), concepts having to do with the suppression of freezing have been incorporated into their design,
and tests were conducted using liquid nitrogen and LNG, to establish the design guidelines for the range of
vaporization performance and icing. This report introduces the effort to apply a DCHE™ to LNG vaporizer

FEATURE : Energy and Environment

applications.
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Fig.1 Structure image of ALEX™
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Fig.3 Test results of range for vaporizing performance
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Fig.4 Test results of performance recovery from freezing condition
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Table 1 Test condition of heat exchanger performance

LNG side Hot water side
Pressure 6.5 barg 2.0 barg
Flow rate 123.5kg/h 9,753 kg/h
(D50°C (design case)
Inlet temperature -125°C (240°C (critical case for freezing)
(3)30°C (freezing condition)

R 2 B Re R RE B

Table 2 Test results of heat exchanger performance

. - Test condition D Test condition @
Design condition Inlet e: 50°C Inlet re: 40°C
Heat exchanged
amount (kW) 26.6 19.53 20.15
Long mean temperature
difference (°C) 168 48.1 497
UA (kWr'C) 0228 0.406 0.405
Comparison between
design condition and 100% 178% 178%
test results

= No freezing

*

Freezing

v Freezing point of water

result of wall
profile inside heat exchanger, °C
]
m I I

1 2 3 4 S
Test No.

Test No. | Hot side in temp (°C) LNG in temp (°C)
1 30 -129
2 30 -125
3 40 -129
4 40 -125
5 50 -129
6 50 -125

R 7 & akBRA T O BRASH dar P RE THT IR 590G 2
Fig.7 Calculation results of wall temperature profile inside heat
exchanger using each test condition
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(Z#ifk : LNGI, LNG2, Heat medium)
Table 3 Thermal stress evaluation for design condition
(three streams : LNGI, LNG2, heat medium)

LNG side Heat medium side
Pressure 6.0 bar 2.0 bar
Temperature -1863°C 60°C

Flow rate

LNG1:840 kg/h
LNG2:680 kg/h

25,300 kg/h

Header of LNG2 side
/ UNIT : MPa s,ss::i
5.93

Header of LNG1 side 55000

e
:
| | | [ | |

:

1.28
8544001
Welded part between 4514001
f header and core block 8.47.001
Header of hot water side
9 I—¥REHIYI K (Y
Fig.9 Contour map of Mises stress (before improvement)

DCHE core block

K4 SRR & BTN ORI
Table 4 Fatigue life evaluation for basic design and improved design

Basic design Improved design
Fatigue life (design)t™ 6,900 times 40,000 times
Fatigue life (average) 75,000 times | 1,000,000 times

" Design fatigue life is considered safety factor by ASME rule.
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Large Capacity Reactor, Stacked Multi-Channel Reactor (SMCR™) for
Flow Chemistry
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Abstract

The stacked multi-channel reactor (SMCR™) is a (continuous) flow chemical reactor that replaces the
conventional stirred bed reactors and has been developed as a reactor capable of large-capacity processing.
As an effort after the development, an SMCR™ made of metal has been added to the lineup and, furthermore,
a ceramic SMCR™ with high corrosion resistance has been developed to expand the applications, for which
verification tests have been conducted against thermal shock. Moreover, basic tests and bench scale testing
equipment have been actively commissioned and implemented with the aim of promoting the commercialization
of SMCR™ in addition to equipment supply. As for bench scale testing, a bench scale testing apparatus

FEATURE : Energy and Environment

installed in Kobe Steel performs verification tests to verify the usefulness of SMCR™ units.
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Table 1 Specification of ceramic SMCR™

Size (mm) 465 x 505 x 185

Weight (kg) 75

Size: 2 (mm) rectangle
Length:36 (m)
Number: 1 Channel

Channel specification

Material (core) Alumina (A1,0,)

Material (flange) Hastelloy/ PEEK / PPS

Design temperature (° C) | 180

Design pressure (MPa) 2

Internal volume (mlD max. 144
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Compressed Air Energy Storage System
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Abstract

Large-scale power storage equipment for leveling the unstable output of renewable energy has been expected
to spread in order to reduce CO, emissions. The compressed air energy storage system described in this paper
is suitable for storing large amounts of energy for extended periods of time. Particularly, in North America,
China and other areas, where rock salt layers are widely distributed, using underground spaces formed in
the rock salt layers to store compressed air can reduce the unit kWh cost of equipment. The equipment's
responsiveness was obtained on the basis of the data for large-scale demonstration equipment of 1 MW class,
verifying that the equipment can respond to commands within seconds. This paper further describes the future
development of the compressed air energy storage system.
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for Standard Compressors

Abstract

For the stable operation of Kobe Steel's compressors, the company has developed a high-performance, low-
cost ToT cloud service, Kobelink™. This system requires no communication wiring work and enables Web
monitoring by simply installing compressors. In cooperation with the company's internal service system, it has
saved a significant amount of labor. Since 2017, there have been 3,000 units installed, which has contributed
greatly to the stable operation of the equipment by users and to the efficiency and labor-saving of Kobe Steel's
maintenance services.
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y " (2) Check the trouble on-site
o &
( Atarm List) ~ ! (aparts pocsrment )
T o uomer o S GECLTTTTRD g service Shop
e saspmen rar saciy A o a |
i v AR “smun ware iy
e i o 4rnssT momms waTe s
TG BTG AATOSST ArEe BAIE maromy.
) ccnwom e+ rnioss *omws wa canen .
| cxrars v+ wwaanstr omen wuie [— = Kobellink
B aurarr o ousnisr wrmn A recomz
[0 trwerter trrw dviazgss? #rzee pals 3 e
(1) Check the situation
via phone call and screen
—'2. Parts procurement and repair
Customer (" Service Shop

2 Kobelink™ o} E

Fig.2 Characteristic of Kobelink™

JHI7E 2) Kobenicle (& 2411 DB TH 5,
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Fig.3 Overview of system linkage

73 4) KOBELION (& 44 DB IE CTH 5 o

RsD it 84§l 43%# /Vol. 70 No. 1 (Jul. 2020) 49



# 1 Kobelink ™ bl —Fi %
Table 1 List of Kobelink™ support model

N P e ey
Oil Injected | 1verter Vs 22/37/55/75 | KLIV/VS KLII/VS-NVS | KLI/VS KL/VS-HB/VS
Fix speed AG 22/37/55/75 | — - - KL/AG-HB/AG
Fix speed sG 22/37/55/75 | KLV/SG KLII/SG-NAG | KLI/SG KL/SG-thB/SG
Fix/Inverter | XG 110~160 | — KL/NXG KL/XG -
Fix speed LT-ST | 160/200/220| — KLI/LT-ST | KST-v -
QilFree | giy/inverter | FE 15~55 - FEII FET FE
Fix/Inverter | ALE | 55~370 ALEV ALETI ALET ALE
Inverter EA 22/37/55 | - EAII EA -

WOBELIONWS

4 FHFKOBELION™ 481
Fig.4 Appearance of new model KOBELION™

< For the latest models )
"KOBELIONIV and ALEIV"
v

Built-In Type

They are compressor built-in types
which allow the use of Kobelink
with a simple installation work.

“Kobelink kit will be shipped only to customers
who have agreed to avail Kobelink services upon
ordering KOBELIONIV and/or ALEIV.

External Type

Kaobelink can be used by @
installing the "Kobelink BOX"
which is sold separately.

3
N

e ITIE BUOE -

5 Hif ALE™ 4}l
Fig.5 Appearance of new model ALE™

{ For other models }

v
[KoueEnk BOX
:

wwooe

f

+ s osam
+—— 300mm —

dimensions ( W300 mmxD120 mmxH300mm )

“Installation, power supply wiring, and wire connection with the compressor shall be done by
the customer in accardance with the operation manual,

6 Kobelink BOX D%
Fig.6 Overview of Kobelink BOX
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FEATURE : Energy and Environment
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Oil Injected Screw Compressor Kobelion™ series

Katsunori HAMADA

£
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Abstract

The new model in the Kobelion™ IV series has realized energy savings by improving basic performance with a
newly developed screw body, using a method of lubrication that reduces pressure loss, equipment selection and
optimal design inside the package. This paper introduces its main features and technologies.
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%1 Kobelion™IVD I 4 7 v 7B IO
Table 1 Lineup and specification of Kobelion™ IV

O Products of Harima Plant

Without dryer Withdryer
Discharge pressure | Discharge air flow | Discharge pressure | Discharge air flow
(MPa) {m3/min) (MPa) (m3min)

VS | 22kW 0.4~0.86 4.75~3.82 0.5~0.86 4.75~3.82
37kW 0.4~0.86 7.7-64 0.5~0.86 7.7-64
S55kW 0.4~0.86 11.8~9.8 0.5~0.86 11.4~9.8
75kW 0.4~0.86 15.2~13.0 0.5~0.86 14.8~13.0

SG | 22kwW 0.75/0.85/1.05 4.15/3.9/3.33 0.75/0.85/1.05 4.15/3.9/3.33
37kW 0.75/0.85/1.05 7.1/6.4/5.85 0.75/0.85/1.05 7.1/6.4/5.85
55kW 0.75/0.85/1.05 10.6/10.0/9.1 0.75/0.85/1.05 10.6/10.0/9.1
75kW 0.75/0.85/1.05 14.0/13.112.0 0.75/0.85/1.05 14.0/13.1/12.0

O Products of KCMS

Without dryer Without dryer
Discharge pressure | Discharge air flow Discharge pressure | Discharge air flow
(MPa) (m3min) (MPa) (m3/min)

VS | 22kw 0.4~0.86 4.72~3.8 | AG [ 15kwW 0.75/0.85/1.05 2.75/2.53/2.18
37kW 0.4~-0.86 7.6~6.3 22kW 0.75/0.85/1.05 4.15/3.9/3.2
S5kW 04~0.86 11.8~9.65 37kW 0.75/0.85/1.05 7.3/6.9/6.2
75kW 0.4~0.86 15.1~12.9 55kwW 0.75/0.85/1.05 11.3/10.5/9.6

SG | 30kw 0.75/0.85/1.05 5.9/6.4/14.75 75kW 0.75/0.85/1.05 15.0/14.3/12.9
37kW 0.75/0.85/1.05 7.0/6.4/5.7
45kW 0.75/0.85/1.05 9.1/8.5/7.7
55kwW 0.75/0.85/1.05 10.7/10.1/9.1
75kW 0.75/0.85/1.05 13.9/13.4/12.0
90kW 0.75/0.85/1.05 17.8/16.5/15.2

Z
0
&

KOBE!

15~37kW 45~90kW
1 JEREHES B

Fig.1 Appearances of two types of compressor
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—&—KOBELION I
—&—KOBELION IV

Operating range of KOBELION IT

| H
e —
Operating range of KOBELION IV

Specific energy requirements (kW/(m3/min) )

Packaged compressor power input (kw)
2 JEEEHEPIC B A AV F—21L
Fig.2 Change of specific energy requirements in operating range
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Fig.3 Structure of bearing oil feed bypass
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Fig.5 Fluid analysis of cooling air
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Fig.6 Oil jacket cooling motor
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NEW Oil-free Screw Compressor "Emeraude-ALE™" Full Model Change
ALEN (132-275 kW)

lori YONEDA - Toshiyuki MIYATAKE

By

GH, —RERIMEY 2 BEME, 5, AT AV F — ORI 2B 2RKO 5 Tw 2, BHEFEREENO®RE Y
RHMBERRIEDE T, BN RARICE» L, SfiEs L OREmCENHEA A V7)) -2
Y 2 JERERE  ALEV ) — X (132 kW~275 kW) ZBJEL7ze JEMARDOETVF = >, JEIHE DR
XD PEREM EAFEH Lo B LA L o2 RRL 729 2T, e AETILIicloT,
EEEALD B L 720 HIBALEVIZ, PERBICHAMERZT TR, 2—FE) 71 O RIS HHELA LW T
bHrbo AHETIE, ARIFFE L7 EHMitkO £ R & FEBIN 2 AT 5.

Abstract

Today, environmental regulations are becoming more stringent, and there is a need for active efforts to
conserve energy. Kobe Steel has newly developed a series of oil-free screw compressors, the ALE IV series
(132 kW to 275 kW), with superior performance and environmental friendliness that make the most of its
outstanding characteristics in response to growing environmental consciousness and the state of technological
development. Performance has been improved by renovation in the model change of compressor element
design and reducing pressure leakages. In addition, a new type of discharge silencer has been installed and the
acoustic housing has been revised to reduce noise. The new ALE IV is a product that not only delivers superior
performance but also is very user friendly compared with conventional models. This report introduces the main
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features and technologies of the newly developed compressors.
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Fig.2 Internal view of water-cooled screw compressor unit
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Fig.3 Internal view of air-cooled screw compressor unit
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Table 1 Lineup of ALEIV

Motor | Discharge| Water-cooled | Air-cooled
output | pressure
(kW) (MPa) Std Inv Std Inv
0.75 v v v v
132 0.86 v v v v
1.04 v v ped
0.75 v v
145 0.86 v v
1.04 v *
0.75 v v v v
160 0.86 v v v v
1.04 v v pe
0.75 v v
200 0.86 v v
1.04 v ped
0.75 v v v v
250 0.86 v v v v
1.04 v v B
0.75 v v
275 0.86 v v
1.04 v *
Available ambient temperature range: 0-45°C
(3%0-40°C)
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(Operation Image of Kobelink™)
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Real-Time Monitoring of Operation Condition
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@ Best Security Management

VPN is used for communication, Data encryption technology allows the system to
run on the Internet while maintaining the highest level of security equivalent to that
of a dedicated line. The risk of data breach can therefore be avoided.
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analysis
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Binary Cycle Power Generation System for Hot Water Utilizing Unused
Low-Temperature Waste Heat

Dr. Ryo FUJISAWA - Kazuo TAKAHASHI - Norihide MAEDA - Taihei KAWAGUCHI
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Abstract

Binary cycle power generation systems, capable of obtaining power from unused low temperature waste heat,
can be a useful means to utilize renewable energy in the future low-carbon society. In this study, performance
characteristics tests were conducted by selecting a low GWP (Global Warming Potential) refrigerant and
by performing a drop-in test on existing equipment in order to improve environmental performance and
to increase the output in the low temperature range below 80C. As a result, it was confirmed that the power
generation performance exceeded that of the existing equipment at a heat source temperature of 80C or below.
The annual cumulative amount of power generation for an air-cooled system was estimated from the results
obtained, and it was shown that a performance improvement in the interim period was necessary to further
improve the annual average power generation output.
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Table 1 Specifications of binary cycle power generation system
MB-70H for hot water

Model Microbainary™ MB-70H
Maximum generating-end output 72 kKW
Maximum sending-end output 60 kW

Power generator IPM syncronous generator

Standard screw rotor speed 5,500 rpm
Power voltage 200/400 V
Medium HFC245fa
Design pressure 0.97 MPaG
Heat souce 70~95C
Expander Screw expander
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Fig.1 Appearance of binary cycle power generation system MB-
70H for hot water
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Table 2 Comparison of cycle performances of each refrigerant

HFC245fa HFO1336mzz(E) | HFO1336mzz(Z)

GWP - 858 18 2

Heat input kw 797.3 919.0 508.3
Expansion ratio — 2.63 2.34 3.43
Density of Expander inlet kg/m’ 33.0 49.7 22.2
Genrating-end output kW 45.1 48.0 33.1
Refrigerant pump power kw 2.1 3.1 0.9

Sending-end output kW 43.0 44.9 32.2
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Table 3 Results of stability evaluation test for each synthetic oil

HFO1336mzz(E)
PAG synthetic oil A | PAG synthetic oil B POE synthetic oil
Color L0.5 L0.5 LO.5
Acid value 0.01 0.08 0.01
HF01336mzz(Z)
PAG synthetic oil A | PAG synthetic oil B POE synthetic oil
Color L0.5 L0.5 L0.5
Acid value 0.11 0.00 0.01
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Table 4 Main specifications of air-cooled dry cooler

<Approximate dimension>

Width 7,200 mm | Depth 2,280 mm
Hight 2,500 mm | Dry weight 2,850 kg
<Design point data>
Inlet air temp. 6.2°C | Inlet water temp. 36.4C
Outlet air temp. 30.4°C | Outlet water temp. 28.0°C
Cooling capacity 915 kW | Flow rate 100 m*/h
Pressure drop 80 kPa
<Fan specifications>
Flow rate 120,000 m’/h } number of fans 10
<Heat transfer coil specifications>
Heat transfer area 2,954 m? Material of tube SUS 304
Material of fin Aluminum with epoxy coating
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Fig.4 Relationship between system net power and power
consumption of dry cooler
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Refrigeration Unit and Heat Pump using Low GWP Refrigerant

Eiji KANKI + Michiko MAEDA
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Abstract

In recent years, the reduction of CO, emissions to prevent global warming has become a global challenge.
Hydrofluorocarbons (HFCs) are being regulated due to their high greenhouse effect; and, for heat source devices
such as refrigerators and heat pumps, early conversion to refrigerants with low global warming potential (GWP)
is required. This article introduces Kobe Steel's efforts to introduce low GWP refrigerants into refrigerators and
heat pumps, which includes the development of an inverter-driven semi-hermetic ammonia screw refrigerator

based on ammonia refrigerant and the adoption of R1234yf, or other refrigerants, for heat pumps.
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F£2 JUTOHFCH S L MK GWP 5 i o> i fifi
Table 2 Current HFC refrigerant and candidate of low GWP refrigerants

HFC HFO Blend HFO
Refrigerant R407E R134a R245fa R513A R454A R454C R1234yf R1234ze(E) 1233zd (E) R1224yd(Z)
GWP (ARS) 1425 1300 858 573 238 146 <1 <1 1 <1
Safety group”’ Al Al Bl Al AZL A2L A2L A2L Al Al
High pressure gas -, -, “ | Flammable | Flammable Specific Specific I g
safety act Inert gas Inert gas Inert gas Inert gas — — i e Inert gas Inert gas
Act on rational use
and proper Applicable | Applicable | Applicable | Applicable | Applicable | Applicable | Not applicable | Not applicable | Not applicable | Not applicabl
management of pplicable | Applicable pplicable pplicable | Applicable | Applicable ot applicable ot applicable ot applicable | Not applicable
fluorocarbons
Ez:t'":gr‘r’s'm -43.9°C -26.1°C 15.3°C -29.2°C -48.3°C -45.9°C -29.4°C -19.0C 18.3°C 14.6°C
"' At Lower toxicity, B Higher toxicity. 1: No flame propagation, 2L Lower flammability. 2! Flammable, 3: Higher flammability
™ Not applicable to high pressure gas safety act due to specification conditions
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Low Energy Consumption CO, Capture Process Using Phase-Separation

Type Absorbent

Norihide MAEDA - Ken NAKANISHI - Dr. Akira KISHIMOTO - Dr. Takuo SHIGEHISA

£ 31
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WEFEB L7 MAT, e— MR TEBATHIET, EH42HLAZHEBTEL, T REBICIZLUTO
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Abstract

Kobe Steel is developing a low-energy consumption CO, capture process that utilizes a unique phase-separation-
type liquid absorbent composed of amine and ether. Its target for energy consumption has been set at 1.5 GJ/
tonne-CO,. The phase-separation liquid can be regenerated at a temperature (90C) lower than that for general
amine liquids such as monoethanolamine, thus reducing the amount of heat required for liquid regeneration.
In addition, introducing a heat pump can realize further energy savings. The following three points have been
raised as development issues in realizing the process: (1) Degradation of amine (a problem common to amines), (2)
Ignition of absorption liquid (a problem peculiar to phase separation liquid), and (3) Significant increase/decrease
in energy consumption when the operating temperature is changed (an issue due to the introduction of the heat
pump). The verification conducted so far has found no major problems related to any of the issues. For further

verification, we are planning a demonstration trial.
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Fig.1 CO, absorption/desorption behavior of amine on temperature
change
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Table 1 Energy cost of CO, separation using MEA

LNG price Energy consum. | Energy cost
($/MMBTU) | (¥/GJ) (GJ/ton-CO,) (¥ /ton-CO;)
10 1,043 4.0 4,170

K2 ENOREIIMEA Z#H LBE05T AV F—a X
Table 2 Energy cost of CO, separation when applying MEA to
domestic power plants

Fig.2 CO, separation process using amine by temperature swing
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Total CO, emission

(Mton-CO,/year)

Energy cost at
26% CO, recovery

(BY¥ /year)

Energy cost at
80% CO, recovery

(B ¥ /year)

492

533

1,641

£ 3 MEA i JHEF O — 1 72 i bz 5 1
Table 3 Typical operating conditions when using MEA

MEA conc. (wt%) 30

Comp.
Water conc.  (wt%) 70
Condition Abs. temp.  (C) 40
Des. temp. (°C) 120

F 4 MEAfEARED) R4 7 — a2 E O
Table 4 Breakdown of heat inut on reboiler when using MEA

Total | Reaction h.

Sensible h. | Latent h.

Input energy (GJ/ton-CO3)

3.85 2.05

0.63 1.18

Percentage

100% 53%

16% 31%
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Table 5 Composition of phase separation type absorbent

Component Phase sep. | MEA | Boiling point
Monoethanolamine
0,
(MEA) 30wt% 169°C
N-Ethylethanolamine o
(EAE) 30wt% 171°C
Water 10wt% | 70wt% 100°C
Diethyleneglycol diethylether
t% 1
(DEGDEE) 60 wt% 88°C

Absorption LC'EJ

Ether phase

Amine phase

N(COQ-)R*R2

o0
I

Desorption co,
-
Ether phase

Amine phase ¢
0, e

3 AIFEER ORI HEZEH)

Fig.3 Phase separation behavior of phase separation type absorbent
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Fig.4 Schematic flow diagram of process under development
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Table 6 Conditions for input energy calculation

Feed gas composition
Absorbent composition
Absorbing condition
Desorbing condition
Form. heat of carbamate
Form. heat of bicarbonate 60 kJ/mol at 40°C
Vapor-liquid equil. of CO, abs. Measured value
Recovery rate of CO; 50%
COP of heat pump 6.0

CO;:N;,:0; = 15:79:6 vol%-Dry
EAE:Water:DEGDEE = 30:10:60 wt%
50°C ambient pressure

90°C ambient pressure

90 kJ/mol at 40°C

v
=)

= Sensible heat + Latent heat
i Reaction heat

40 o Electricity for heat pump

3.0
20

1.0

Input Energy (GJ/ton-CO,)

0.0

w/o heat pump w/ heat pump

5 CO,MBUCES HIAT I F— DORHEHE R

Fig.5 Calculation results of input energy for CO, desorption
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Fig.6 Apparatus for durability evaluation of COZ absorbent
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Table 7 Conditions for durability evaluation test

Item Conditions

Test period 500 h

Initial liguid composition EAE:Water:DEGDEE = 30:10:60 wt%
Initial liquid weight 100 g

Feed gas flow rate 1.33 NL/min

Feed gas composition CO5:0;3:N; = 15:6:79 + 15ppm SO,
Absorbing condition 50°C 0.2 MPaG

Desorbing condition 90%C 0.0 MPaG

Temp. of humid. & condens, 0~ 2C
Absorption: 20 mins (50°C)
Heating: 25 mins (50°C to 90°C)
Desorption: 5 mins (90°C)
Cooling: 10 mins (90°C to 50°C)

60 min
(20 + 25 + 5 + 10 min)

Required time at each step

Total time of one cycle

%8 MuHER DT Tk
Table 8 Analysis method of phase separation type absorbent

Component Analysis method
EAE LC-MS/MS, formic acid sol. carrier
DEGDEE LC-MS/MS, formic acid sol. carrier
Water Karl-Fischer titration
Total sulfer Combustion ion chromatograph

*LC-MS/MS: Liquid chromatograph - Mass spectrometry

RO AMERAM R OKE R
Table 9 Results of durability evaluation test

Results
Liquid weight after test (9) 90.2
Total supplied SO, along with gas feed (mol) 0.0089
EAE concentration after test (wt%) 35.8%
DEGDEE concentration after test (wt%) 61.9%
Water concentration after test (wt%) 8.2%
Sulfer concentration after test (wt%) 0.3%
Total Sulfer in absorbet after test (mol) 0.0073
Equivalent value of H,SO; concentration (wt%) 0.7%
Summation of EAE, DEGDEE, Water, and H,SO5 (Wt%) 106.6%
Liquid loss ratio (%) 9.8%
Calculated value of Poisoned EAE by H,S04 (%) 2.2%

*Poisoned EAE:Value of liquid analysis divided by initial charged

2.5

—Separated CO,

2.0 aaam

1.5 1

1.0

0.5

Separated CO, (NL/Cycle)
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Fig.7 Results of durability evaluation test
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Tablel0 Flash point of EAE and DEGDEE

Flash point
Component
()
EAE 71
DEGDEE 71

%11 EAE, DEGDEE O [R A i
Tablell Limiting O, concentration of EAE and DEGDEE

Temperature | Pressure | limiting O, Conc.
Component
4] (MPaG) (%)
EAE 95 0 8.8
DEGDEE 95 0 8.2
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Tablel2 Test conditions of SC-DSC
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Fig.8 Test results of SC-DSC
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Integrally Geared Compressor for High Pressure CO,

Toshiaki BABA + Koumei FUJIOKA - Dr. Hirotoshi ARIHARA - Yoshitaka BABA - Takuya IWATA
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M ERIRIZALFEZ IS $ 5 720 (2HER O — M RE CIERHR & D 8 T 4 & 7% 2 B E RPN R O 7 £ CO, & — R IE
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Abstract

To cope with global environmental issues, an integrally geared turbo compressor for high-pressure CO,
has been developed, the compressor being more energy-saving than conventional single-shaft centrifugal
compressors. Starting with the design and testing of the main components, a prototype machine of the actual
size was made, and full pressure and a full load test using actual gas was performed to confirm that the target
performance was satisfied. In addition, a state-of-the-art-technique for visualizing its reliability was introduced.
This has led to the successful measurement during operation of the rotor stability, impeller blade vibration,
dynamic blade stress, and load on thrust bearing, which cannot be measured by the normal method. Mechanical

FEATURE : Energy and Environment

reliability was also evaluated to confirm sufficient reliability for long-term operation.
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Table 1 Specification of development objective for high pressure
CO, compressor

s Urea Application
Application Prototype .
(1,000 ~ 3,300 mtpd)
Type Integrally Geared Integrally Geared
No. of stage 8 Stages 8 Stages
Gas handled CO: CO2
. 140,000 kg/h up to 110,000 kg/h
Capacity
(72,500 m?/h) (57,000 m?h)
Suction/ Discharge
pressure 0.01/20 MPaG 0.01/16 MPaG
Shaft power 16,600 kW up to 13,000 kW
Driver Syne. motor (18,500 kW) | Motor/ Steam turbine

*mtpd: metric ton per day

5" Stage
Compressor

—_—
_ 7™ Stage
Compressor

7t Stage Impeller

6" Stage

Compressor e > -

8™ Stage %
Compressor

Journal & Thrust Bearing

|

Cross section of 7*" and 8'" stage

Configuration of p ype CO, p
1 CO, ya L A A N R 2
Fig.1 Internal structure of centrifugal compressor for high pressure
CO,
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FEM Analysis and Strain Measurement
of Compressor Casing
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Fig.2 FEM analysis and strain measurement of compressor casing

Improve the aerodynamic performance
of Impeller and Seal

1. Impeller Design
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Fig.3 Optimization of compressor impeller
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Fig.4 Analysis results of rotor stability
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Fig.5 Overview of prototype compressor and test facility
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Fig.6 Process flow diagram of prototype compressor
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Fig.7 Discharge pressure of each stage
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Table 2 Test results of mechanical performance

th.
5 g API 617 criteria
Shaft Vibration 7"': 18 5th-gth: 21 um 0K
e 7t-8t: 22 um
8th: 19 um
5t%: 70°C
Journal Bearing 6th: 74°C Equal or less than oK
Temperature Tth: 65°C 105°C
8th: 69°C
Thrust bearing 5™ 75°C Equal or less than 0K
Temperature Tt 90°C 105°C
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MIDREX" Process: Bridge to Ultra-low CO, Ironmaking

Dr. Vincent CHEVRIER - Lauren LORRAINE - Haruyasu MICHISHITA
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Abstract

Midrex Technologies Inc. - a wholly owned subsidiary of Kobe Steel since 1983 - has been the market leader
in direct reduction of iron for nearly 45 years. This success is based on a simple and efficient process, years of
continuous innovations and improvements, the excellence of plant operators, and the support from Kobe Steel.
With the emphasis on reducing greenhouse gas emissions following the ratification of the Paris Agreement,
direct reduction is the only commercially-proven process that can achieve significant reduction in CO, emissions
for the iron and steel industry today, using natural gas or liquified natural gas (LNG). The MIDREX H, ™ is
an evolution of the MIDREX" Process that can produce iron with almost no CO, emissions; but it requires
amounts of hydrogen that are not currently available from renewable sources today. This article describes the
MIDREX"™ Process and significant improvements made over the last 50 years and offers a vision of ultra-low
carbon ironmaking that can be realized in the hydrogen economy.

F—J—NK
EHEICHEE, I FLy 27 ATav R, Y7 M, RERFTAYE, &gk, Sy b TUry b7 AT v, KERE
CO, 7V —Hgk

S5 M1BH-Y DA FERE
boazmLy (B1).

TAERELS ST b 5 2507

Y 2) Bz AET S I FL v 7 241, 1969412 K E
FLITVINR= DTV FCTHE—SEIHBE Z 1D, 2019
EACHRFESOFEE M Z 20 2 ORI, 198345 (2 1 B G
D100 % T &4k & % 0, 2018 4F 12 1% 3% oC # (Direct
Reduced Iron, VL FDRIE W) BEAER10ME >~
DEGELEVIRA VA=V EERL TS, T2, 7

INFTIHEEEINZOEDOT TV FDIFEALNR
SR BEEmEREL TWD, 72821, FAY - U T
WZIWZI9TIAR I R SN2 75 ¥ M 3BEBRE T O &
HOTT Y NTH D ALFREESI40TT b ZxF L, 2018
42567 4 T b > o4 pE R & 9 8,000 B i o0 Ff M8 B ] %

3.0
. - ® Operating SUPER
= - o MEGAMOD
o # Under Construction
= X D tled
i iIsmantie
> 20 ] -
~E A |ranian Plants * s °
o A A
B 15 00® o0ins 4 MEGAMOD
o
5 %
g 10 ] .
3 . R 750 SERIES
o L) . an T @ A 500 SERIES
a 05 [&J @
"0 oot 00 00
MINIMOD
00 =
1965 1975 1985 1995 2005 2015 2025
Year

1 I FLy 7 AT5 2 MERERTOS04EM Ot
Fig.1 Evolution of MIDREX" Module sizes over the last 50 years

* Midrex Technologies Inc.

RsD it 84§l 43%# /Vol. 70 No. 1 (Jul. 2020)

81



FERR L720

WHOTSy LT, TAY2YT - YT IR
M OLERE250) N Y DR 2 FO T TV b Db, T
WYz )T - F T UERICERER SNz, 20184E 11 H I
RO EE SN, Z0b ) 8 & H %o 20194
THIZHRETT0 b > otttk e Lz, 25612,
TANY2YT - AY—NVAF—NVFIc7 ey
T e NT—FERPOERE250T N T T v Mz
T, REFANA AL FIZERFOZ ) =TT -
7 7 AT AEREL60 T b v O 7 T v b 2 HH
20204F 1B iR A IR T A TFETH 5,

DRITIGIER DR D KEWERIL, FHTLHIELD
VYA TNAT Ty TAEHEINDL LHIIRD, (e
OEF—H RSB EADO T 7 F st FIiE 2
STWVWBEIETHD, A7 Ty TEMHNT HENMO M
B MaFd 57200210, SEAH KD (Ore-based
Metallics : OBM) O HABLETH B, =9 L-2HH
5 DRIOEEAMFIITIE 2 T B,

Vo [P RFRIIIE, RIRT ARKEZEZFH LTt
ENZZDRIEEDICAZ Ty TEBLAVTHMAT L
EDRCOHTRIZDOZRDDH Z Eh s, BEEHA S S DRI
Y OWRISINFEFE N TV 5,

1. DRI: 8@ hnffi{E % [ kX £ 2 880 E ¥

DRI, $RELARL Y MReWBAEBERT LI ERL
(2, ALFEITHE A U 7B 2 B2 L7 RREREE A HI sk
ERER ThH B, T D7D DRI, EIEE DS
ELWolT) T, MMMEICE  OLEEREY N
FTHZGRED NSV TIL XY FPREZOEH IV,
T7%bbH, DRIZAZ 5 v FITE&ETN LA 6% RS
5 ETHMGERTHLEVWR D, TD720, HBjHEA
RS Z T oL LT, W0 S Msibr, feokik
S, SREIVESN, MEEHE LS L, B Ok

FLOW OF DRI PRODUCTS

mEEET 2B THASIN TN S,

DRIZSER D Z S M SN B DIZELN TH 525, @l
TOHRECho THBAINTE 7, DRIZEICE N
EFREEVBERGTH D 0D, HPETHHAT L LB
TORICAMPEMIN, EEREZHERLTIENTE
b, bLAWRI—7 AOWHBEREZ T IFAZ L DREICE
L5 ThHb, BIZITKEAK A F— VOEFTIE, #
B 2 M472 0 #9250 kg DRIV EhTwnz Y,

2. DRIDEE

DRI I3 i c#k (Cold DRI, DLFCDRI &),
B ®c#k (Hot DRI, MWFHDRIE W9), B X UK
v N7V Y N7 A7 v (Hot Briquetted Iron, BLF
HBI L w9) b)) (R2), ThZIEERAE, S,
WA COMBEICIFE LW - LR E A L T b,
MR ENZI FLy 2 275 2 FTIE, &kIC
FIERE CHESN/-CDRIZ 8 L, BEET 58
SRS T35 T S M7z DRIMH QR EATR T 512D
N, COEBSMEROFEIIEARAMH AL, I FL
v 7 2% TR P72 O O DRIERE T 5 HDRI & HBI
% B%E - wan b L7z,

BILHEOBILODRICIE, BESRKITFHZZEICX
o> THEULREINEHENTEY, FHUOBELHORHW
T (FR(L) 2R &g LJ 8 - KT HE WD
RIEDRDH D, 2T, DRIZ% D010 —F [ THHiHIH
LT7VU 7y MEL, ZBIFEEZEADSE/-0OHNHBI
THbo D7 HBLIZIM FEILIEEICER, Bk
R g R ) M AR RgeT 5 L L BIC, NV R
YIHORFEAEIZ L BHER) DT R VTWS, F72
HBIEAMRIZIFE LWERETH S Z L b HBIOY 75
AF =S, AT A NHIKL HE LI OME
ARV TS SN2 HBIASH Y TWoTH AT
I > TWh, Bz ) =75 v F - 21 7 240

DRI PRODUCTS

e

‘2% Iron Oxide
st Pellets

Lump Ore Direct Reduction

TRANSPORTING & STORING BASICS

DRIPRODUCT FORM  TRANSPORT STORAGE

HORI

STEELMAKING |
PRODUCTION

We and). M Slos &

P »
n S i B it

Localized ransport only '

w - 5
Q Rail & Rosd "

Blast Furnace Basic Oxygen

Furnace

X2 #%AEDRISS O E DO &
Fig.2 Description and use of DRI products

82 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 70 No. 1 (Jul. 2020)



0.79 Mt
‘70

100.49 Mt

Other Rotary Kiln,
0.7% 20.2%

HYL/Energiron
15.5%

MIDREX"
63.5%

3 %o DRIAE A4 pE i o HERS ¥

Fig.3 Trends in world's annual DRI production®’

JO7F5 Y NMIHBIEEET 575V M TH b,

WolE), IFLy 2275y bTHIEEN/DRI
T 2 EBAF LY CHEMAT 234, &ILHEO600T
DLl & B TdH % DRI # BAN CHH 3 ILXHER I
RIANF DL ZWOLTILENTEL, 2D/
B, I FL v 27 24 TIZHDRI % #t% L TELAFANZEA
THHMERBE L2 SNICX > TDRIDHMIEA X &
CEE o7 MROT VY 2 TORG TS > M 2T
1%, HDRI % 83 U CH T 2 BAIF IR L T b,

COXHIZ, BERIICHE L CHDRIZ#ET 575
b, HAHWIRAMETHICHBI 2 #Ed A KRBT T Vb
DEBRPILED ML ¥ il > Twhb,

BB, AREIZBWTIZLF, CDRI/HDRI HBI® =
DO T TR TR 2 & ek B 5 % DRI
EWw9, TODRIKBITF 2 HMEEOL LD it FE
PRFEICBIT L2 ELAFEEROBMIFS L, B3R
T X9 IC2018E D FRDRIEFERIZ 145 b v 22727

3. IRLy 7270 Z2ADBE

KRTAR=ZDORFTOI Ly 7 AT 0¥ A
(MIDREX NG™) o 7u—3y— 1+ BIXOT7S5 0 (7
WYz )T - F 5D T T UKHOBEE) HEBEEE
FhZ2nE4, R5122R"7, MIDREX NGiZ =2 D F
Tazv b, ThbLLEIEAZERKIGEITLTSY YT
MA, BXUOY v 7 METOSARITTICLEREITCH
AEBESTDL) T+ =< 5D,

Yy 7 METIK, TONERRTIA8HALV Y M
B WIS O ARG RS L CRITA A DSK AT UL
ENb, SEAXRL Y NMIZFO LA T AL - TIEFIZ
X HIR, B, BREND, WiROSKIANT Y ¥
7 MEHE»OEA SN, JFTEH S CDRI % 721X HDRI
ELTH s NG, ST E EN55530% (Hmlt)
DOBHED, ¥ 7 MFHNOBERTICB W T BRIk FE
(CO) Rk (Hy L UG L THRESh, —@br#E (CO,)
LRFER (H0) 12745,

INSDOREE—T AR ER 6 127RT . HlZ X %8k
A DR ICITWESUS T, COIZ & B@ICI TS T
Hbo SHLICDRIVEAT BHFEIE COHDLVITAS
v (CHy) EDALFEBUBICE o THEEEN D, RRF A
Y%7 MATHPSWGALZ L I12L D, DRIFFDjKHE
EHREBOLILE, BXUOCDRIOT T ¥ MIBWT

Iron Oxide

Process Gas
Compressor B
Process Gas

P et ————9 S
: Gas

Natural Gas Top Gas Fuel

; sy

Combustion Reducing MIDREX
e lm. Gas i

MIDREX Flue Gas MIDREX
2 System Reformer
Top Gas Fuel /Combustion Air | |

Feed Gas

! HotFan
: & Stack

CDRI / HBI / HDRI

Natural Gas

B4 MIDREX NG7Hu—3Y—}
Fig.4 MIDREX NG flowsheet

¥

5
i
oul
in
’
| §
[
il
?

K5 7VYxU7 45Dy T7IOREBKIICEZ SN
WHMIDREX NG 77 >~ b (#ycy v 7 My () &
P Ty (BAEM) ([CHDRIZ %S 53 v ~X7 (FH))

Fig.5 Latest MIDREX NG plant: Tosyali in Oran, Algeria.
(Reduction furnace in center with HDRI conveyor to EAF
meltshop on left side.)

Reduction (removal of oxygen from iron ore)
1. Fe,0, + 3H,— 2Fe + 3H,0 (endothermic)
2. Fe,0, + 3C0—> 2Fe + 3C0, (exothermic)

Carburization (addition of carbon to iron)
3.3Fe+C0+H, — Fe,C+H,0
4.3Fe+CH, —»FeC+2H,
5.3Fe+2(0 —>Fe,C+CO,

Reforming (conversion of CH, to COand H,)
6. CH, +CO, —» 2C0 +2H,
7. CH,+H,0 —» CO+3H,
6 IFLy 2 A7t ADTEERLFRIE
Fig.6 Major chemical reactions in MIDREX Process
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Study of Technical Issues on Manufacturing Inner Containers of
Radioactive Waste Disposal Container Using Metal Scrap

Takuya NAGAE - Kensaku MIYATA - Junpei NAKAYAMA
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Abstract

Among the metallic wastes generated at a nuclear power plant, it is desirable to reuse those to which the
clearance system is applicable. One of the proposed methods of recycling such metal scraps, or so-called
clearance metals, is to use them for the inner containers of radioactive waste disposal vessels. In manufacturing
an inner container, it is necessary to develop a manufacturing method that satisfies the specified quality in
terms of shielding performance, strength, and durability. Hence, a —20C Charpy test was conducted to confirm
the quality of recycled products made from clearance metal. The results indicated that P and S, among other
impurity elements, significantly reduce the amount of absorbed energy. In addition, changes in absorbed energy
in the heat-affected zone caused by welding and applicable heat treatment conditions were examined using
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simulated test pieces and general-purpose impact analysis software.
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Impurity element Add 't'(‘:z;ange Infl on hanical properties
P 0.010-0.040 Increasing of impurity elements
decreases absorbed energy
Increasing of impurity elements
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Cu 0.10-0.50 No noticeable effect
Sn 0.005-0.030 No noticeable effect
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Geopolymer Technology for Solidifying Radioactive Waste

Kensaku MIYATA - Tsutomu NISHIMURA - Satoshi YOSHIDA - Takashi NISHIO * Yuki FURUDATE - Junpei NAKAYAMA
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Abstract

With the aim of application to the treatment of radioactive waste with high radioactivity concentration, a
manufacturing test was conducted to study a method for making a solidified geopolymer using only powder
without adding water to the raw material. The goal was to produce a homogeneous solid body of geopolymer
with a uniaxial compressive strength greater than the target value of 147 MPa. Water is necessary for the
solidification reaction of the geopolymer, and it was found that using an evaporation control lid and heating
at a temperature of approximately 60°C or lower are effective in keeping water in the solidified body for an
extended period of time. This paper reports on Kobe Steel's efforts regarding the solidification technology using

FEATURE : Energy and Environment

geopolymers.
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Table 1 Solidifying conditions

Condition 1 Condition 2 Condition 3

Mixing Na:2C0s3
ratio (Waste) 50 50 50
(wt%) Na25103-9H=0

(Material) 37 37 37

Al203

(Material) 13 13 13
Weight (g) 250 250 250
Preset temperature  (C) 55 55 55*
Heating time (h) 65 65 65
Lid Absence Presence Presence
3% Heat the first hour at 60°C
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Abstract

While a large part of the world’s stockpile of chemical weapons has been destroyed already, the destruction
of non-stockpiled chemical weapons will continue in the future. Dismantling non-stockpiled chemical munitions
such as old/abandoned chemical weapons is a very difficult task and involves a high risk of accidents. Controlled
detonation is suitable for old/abandoned chemical weapons, since it can destroy chemical munitions without
prior dismantling. In controlled detonation, the shells of chemical munitions are fragmented, and the chemical
agents and explosives filling the shells are destroyed by the shock wave, as well as by the high-pressure and
high-temperature environment produced by the detonation of the donor charge. A detonation chamber and a
controlled detonation system, whose main component is the detonation chamber, have been developed and used
in destroying many old/abandoned chemical weapons in and out of Japan since 2004. The controlled detonation

system and destruction of chemical weapons are outlined in this report.
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Design of Detonation Chamber for Destructing Chemical Warfare Materials
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Abstract

A detonation chamber is a device for destroying chemical warfare materials by detonation, using tens of
kilograms of explosives in the process. Special structural features are required to satisfy fragment resistance,
operability and leak tightness. The normal design code for static pressure vessels cannot be applied to the basic
structural design of the robust detonation chamber because the detonation shock wave causes instantaneous
dynamic pressure. Hence, the Code Case “Impulsively loaded pressure vessels,” published recently by the
American Society of Mechanical Engineers (ASME), was used as the design guideline. It requires dynamic
pressure analysis and dynamic stress and strain analysis, which are used for the evaluation of each mode of
failure such as fatigue damage and local strain limit, to allow detailed design. This paper introduces the design
features with examples.
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Table 1 Maximum peak equivalent plastic strain of lid head

. . Equivalent plastic
Plastic strain component strain Acceptable
range
£ xx,p Eyy,p Ezz‘p ‘Exyp £yz,p czx,p €eqp
<
-589 75 210 23 1 521 792 <95 ?)[()),Uo?feld
unit: p
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FEATURE : Energy and Environment
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Japan's First Inland Thermal Power Plant (Moka Power Station)

Akihisa FUJIO - Akira YAMAMOTO

BE

BRRFEEITIX, HARTHE—ORNEIRENKI)FEETT & LT, 20194510 12 155843, 20204F 3 1 2548 A% ¢ 3%
ARG L7, AFEINE, BRERIFN125TTkW T, EREHNEORGERALZ L RELREHMTH S,
FEEFTRERICE LTI, Bt G o0 8EkICImE D, BULRYE M, AN ORKMROBE 2 &2 1T 72,
WEESZHTH 2 RICEE L7229 L7z B4 OFidiE 2 ik L72 2 12 X o THRIOFIM &8 ) IR, ik
IO HI 572,

Abstract

The Moka Power Station launched the commercial operation of Unit 1 in October 2019 and Unit 2 in March
2020 as the only large-scale inland thermal power plant in Japan. One of the distinctive features of the station is
that it has adopted an air-cooled condenser to generate approximately 1.25 million kW in total. The construction
of the power station involved the transportation of disassembled equipment, on-site manufacture and assembly,
as well as the maximum consideration for the surrounding environment. After overcoming the many technical
issues related to the inland location, the project was completed by the original date planned for the plant to

begin operation.
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Table 1 History of Moka Power Station

On-site investigation (Moka 5th Industrial Park)
Started basic study and feasibility study

Jul. 2011

Jul. 2012 [Established project team

Mar. 2013 [Started environmental ment

Mar. 2014 |Set basic agreement with Tokyo Gas Co., Ltd.

Apr. 2014 [Entered into EPC contract with Fuji Electric Co., Ltd.
Sep. 2014 [Concluded power supply contract with Tokyo Gas Co., Ltd.

May. 2016 |Completed environmental assessment (38 months)

Jun. 2016 |Started on-site construction
Oct. 2019 |Started commercial operation of Unit 1
Mar. 2020 [Started commercial operation of Unit 2
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Fig.1 Overview of Moka Power Station
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Fig.2 Layout of main facilities and equipments
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Fig.3 Schematics of power generation apparatuses with gas turbine combined cycle
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