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Special Issue on Hydrate Technology

We, Mitsui Engineering & Shipbuilding Co., Ltd MESO
are engaged in the research and development of new
transportation system of natural gas since 2001. We
constructed in 2004 a bench scale unit of Natural Gas
Hydratell NGHO at Chiba Works, and have acquired
various characteristic properties of NGH pellet.

We have also built on NGH production demonstration
plant whose capacity is 5 tons of NGH pellet per day in
Yanai Power Station of Chugoku Electric Power Co,, Inc,
and successfully finished overland transportation of NGH
pellet. In order to establish the NGH transportation chain
on commercial base, we are now developing large scale
NGH export terminal with storage system and NGH
carrier while carrying out basic research of the stability
characteristic of NGH.

We have recently started to study on separation and
capture of CO, gas which is called as green house effect
gas using our unique hydrate technology for CCS.

O NGH CarrierQ

0 NGH Storage System] p.10T]

O Full View of NGH Demonstration Plant in the Yanai
Power Stationd p.10
O Sample of NGH Pellet] p.10, p.180
0 Conceptual View of NGH Export Terminall p.100
00 Composition of Gas in the NGH Pellet] p.260
0 Concept of CO, gas Separation and Capture System
O p.310
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Demonstration Study on Natural Gas Hydratd 1 NGH[OOverland Transportation

Hiroshi MIZUBAYASHI, Takashi ARAI, Shigeru WATANABE, Naoki YANAGISAWA, Kiyoshi HORIGUCHI
Hidenori MORIYA, Yuichi KATO, keiichi WATANABE, Keijiro MORI, Kazuo UCHIDA

...Natural.Gas.Hydrate[] NGHUlis.a.chemical.compound.where.natural.gasC] guest.moleculel is.trapped.within.a.cage.
composed. of.water.molecule host.molecule[.and.is.being.expected.to. be.a.new.medium.of.transporting.natural.gas.
economically.and.safely,.as.it.can.be.stabilized.under.atmospheric.pressure.at.only.minus.20.degree.Celsius.

... This..demonstration. study. is. to. verify. NGH. production,. transportation,. storage,. gasification.. and. utilization. as..an..
overland. transportation.. supply.chain..In.order.to. produce. NGH. pellets,.NGH. production..demonstration. plant. whose..
capacity..is.5.tons..of.NGH. pellets. per.day. has.been.built.in. Yanai.Power. Station.of. Chugoku..Electric.Power..Co.,.Inc,.
which.is.one.of.the.LNG.receiving.terminals.in.the.west.side.of.Japan..In.the.production,.LNG,.multi-component.mixed..
gas.is.used.for.feed.gas,.and.untapped.LNG.cold.heat.at.the.terminal.is.used.for.cooling.system..After.the.production,.
NGH.pellets.are.delivered.to.two.different.gas.userd] one.is.the.co-generation.gas.engine.and.the.other.is.a.households..
use. trendl]. In..order. to. transport. and. store. the. produced. NGH. pellets,. two. types. of. pellet. containers. have. been..
developed.. In..conclusion,.the.. production. capacity..and.the.effectiveness. of. NGH. land. transportation..system. as..a.new..
supply.chain.of.natural.gas.have.been.confirmed.

goooooooooooNGHOODOOOOOOOODODODOOOOOOOOOOOOOOODOOOOO-2000000O0
goooooooooooooooooooobooooooooooooooNeGHOOOOOOOOOOOOOOOO
goobooooooO0o0o0o0o00000bD LNGOOOOODOLNGOOOOODDODODOONGHOOODOS0O0O /000
gooooooooOoOoOoOoOoO0O0O0LwLNGOOOOOObOOOOOOOOO0OOOOOOOOOONGHOOOOOOODO
NeGHOOOOOOOoOoOoooooooooooooooooboooooooobooooooooooooooooooo
000000000000 z2000000000000000000000000000000000O0O0C0O0O0O0O0O
gooooooooooooOooooooooooOoOobODOOObOO0O0O00o0

NGHEE - BT R T 1 || NGHEEZLZTL > NGHRIRLRFL
KRHR
N >
5 o[d anmmrme H 50— 0
G I; >
% 2 ED DOME 5~75h /|
i | NGHO——IZEBNGHAL vk JBOKWIRH 2 T2 52 CGSAD
Y D || wzoxi HA DAL

NGHE—1—: 5~75k>/ &

I hEE N % EF #HAR(HH) ﬁ
E AAAA ; | #95.6Nm*/h =282

LNGEHLIZ 45UV CLNGE AL IZNGHEBIE T 5, PP eemo= > oo — R EEGEED
LNGE M=+ HLNGRFI A 8% FALTNGHE : H
WiET D, H H HR 43

I | NGHINOBHIZEANGHAL YR |}
NGHRL RSk / BORTRIEREL. 488 | | | i e PR
BHEETS, | NGH/NOZE: 200ke/2 REBE~DHRRBOEE

0100000000 booboooooooo
Natural Gas Hydrate Production and Utilization System

b.OoooooooNeHOOOOOOO Pil DpoooOoOoooOoOoooOoon
btooooooouBOOD



Ooo0000 No.20332011-70

goboooboobgooog

1.004000

000000000000 Natural.Gas.Hydrate NGHOO
0000000 0oooooooooooooooooon
oOoo0-2000000000000000 *000000OO0
J00000ooooDooboObObObO00o0ooOooONGHO OO
0o0ooooooooooooooooooooooo 18
00000 200005000000000000 NGH
000000000oo00o0oooooooooooooon
ooooo

0000000000000 0000000000000O0
goo0oOoOooOoOoO0oO0oO0OO0O0ONEDOOOOOOOODOOO
godddoooooooooooooboboboboboobooon
OONGHOOOOODmMOOD1moooooooooooo
NGHOOOODODOoOOoOooOooooooooooooooo
00000 ooo0o0ooomoooooooooon
000000000000 200000000000000
oo obobobooboboboon
000000000000O00ooo0oooooooooo
goddddooooooooooooboboboobobooooon
oooooo

Ooi1ONeGHOOOOOOoOoOoO
Whole View of NGH Demonstration Plant

HEHR
— CAERRRASH | BEREAD

F—NGHTOCzHrE |

mEGESH {FErmRsts— |

B TSN EEAE

BAE

i
e

- S T LEERE EXERE

s |

{5 HRB A

| [FEBARASH | —(BREEAD IoeREmES |

KABRRITE L

020000000
Structure for NGH Demonstration Project

20000000000 n

0oo0ooo0o0o0ooOooUooOooUoooooooo
0000oo0o0o0ooo0ooooooooooooooon
00@o0mo0ooooo0oooooooooooomon
oo obobobobobobo
0oo0oooo0oooooooooooooooooon
doo0oooooUooooOoUooOooUooooooooo
00o00oo0o0ooooooooooooooooooon
ooo0ooooo0ooooo0ooOooooooooooo
00000000 0oo0o0o0oo0oooooooooon
ooo0oooo0ooooooooooooooooooo
oo ooobobobobooboon
0000oo0o0o0oooooooOooooooooooo
000000000 Liquefied. Natural. GasO LNGOO 0O 0 O
000000U000o0o0U0oDoooUOooooOOOn NGH
0oo0ooo0o0o0ooOooUoooOooooooooooo
oo oooboboobooboo
000*00000000000000000000
00000000 wBOONGHODOOODDOODODDOODO
00o00ooOooO0oooOoooile00000OOOoOOn
0o0o0o0ooo00ooooo0ooooooooooooo
0O Bench..Scale.UnitO BSUOO OO OO NGHOOOOOOO
000000 *o
J000o0bO0ob0obOobOOobOOobOONGHOODODODODOO
00000000ooo0o0o0oooooooooooon
0000000000000000000000*0000
00000000000o0ooooooooooooooon
oo000o0oooOooooUoooOOooOoOoooooooon
O00000o000o000o0o0oo0ooooooooooon

3.0000000

ooooooooooboO0oboz200000000000
ooboooz20000000000000000O00000
goboooooobooooobooooboooooooooooboo
goboooooooobooooboooo

400000

go30booobooboboboboboobobooboboonoo
0000000000000 LNGOOOOOOOOOOO

" B FRISERE | BRIOERE | FHOFE | BRAEE | FHR2EE
T BRARORAARNT | EAE U -
SL— kB R En ST s =
FL—ELERMTRRR .g;r B o Py HETE RETE
2. RHAABFRAICLS stEEE | Rl
NGHA FLAM R H B3 WESEE s RIS
3. NGHEZ:% - FIFL AT L
om0 i) I S
) BHEINGHHIL - KTk SERHI —— - <15
eyl e T RIS RSB
b) ARG L=V DRI FEFHE HRRH-BE
1

0o30oooooo
Schedule for NGH Demonstration Project



goob0obOobOO0oOgNGHODODODOOOO

ooboooooooooboooooooobobooooboooo
goboooooooooboocoooooobobooobooono
oobooooobooo210000000000000A0

5.0000000

ooooooooooooobbooboboooooboobooo
51O0NGHOO0O0O000
ONGHOODOOOODOOOoooo 4000000000
LNGOOOOOooNGHOOOOooooooooooooo
gobooooobooooooooboooooooog
5110LNGO0O0O0O00O
o1gLNGoOoooo
oooboooLNGUODOOOODOO0OD0OO0O LNGOONGHDOO
oobooooossMpPaDOOOOOOO0OO0OO0DOOOO
b NGHOODODODODOOooOooboboooooboDbo
ooboobooooboo LwLNGOOOoboobooonbooooo
OO0 LNGOOOOOOLNGOO 1000 2LNGODOO
obooooooboobobooobooobooboobooooooon
00000000 D0O0ONatural.GasONGOOODOOODO NG
oobooooooooooboooooooobobooooboooo
ooboooooooooboobooon
U2000ooooooooocoooonod
oboobooooooooo0oO0d REFIODRERDOOO
uooobooboobboobboboobOO BRIOBR2O
O0OO0O0ODOREFID REF3OOBR1IOO BR2ODOODOO
uobooobooooooocooood
5120NGHOO0O0D0OOO0
ol1oNGHOODOOOO
gobooooooooooobboodooobooono NGOod

FERHR

ooooobooobooos3MPallOO 40 12000000
godoNGHOOOOOOOOOOooooooooOoO NG
ooooooooooooNcOOoooooooooooon
oNcGHOOOOOOoobOoooooboooooooooo
goooboooboobobooBriOobOOOoOOOOOOd
U000 NGHOONGHODO 10% 00000000000
goboooobooobobobooNeGHOOOONGHODODOO
O0OO0ONGHOOOOOOO ™
gboooooooobooboboooooooocoboooogoo
oooooobobooboooboobooooooooood
gbooooobooooobooooboboobooooon
chobooobooooooobooocoooboobbonO NGHOO
ooooODO0o0OoO0O00000ooboo0oooooon 40% 0
NGHOOOOOOOOOOOoooooooooooooo
oobo00oooooooboobOobooboooogoooobooo
oooboboboooooooobooooooooboooboOooon
coobooboooooooooooooooocoooboonog
Uz200000000000000
goooobooOooooobobOoboOoOooooooobooo
oooooooooboooooobb22x 018x 00
LBmmOO0O0O000000000000000000000
gobooooobooooboooobooooooooood
oobooooooogono
gooobOoobooboboooooobooo-20000000
ooooooooooooooo A/BOOOODOOOOO
goboooooooooboooobooooooa
513000000000
goboooooooooboooboooooooooooo
goboooooboooooboooboooooooooood

A—E Rk
0°c) 4R

105 t/d 2t/d

FHAR =
(5.3 MPa)

(5.3 MPa, 400 12°C)

(0~5°C)

CE:RXENDEARZT—CE)

BERLESY

Al

NLyhsr Bt
(5.3 MPa, 4~12°C)

PODES
7 Ry AR

gooood ‘

% 2 LNG
5 M [ LS |
BAZTHAEE |REFL

oooooa

BEE% LNG

B 90
e AR SR (-20°C)

% 1LNG

(5.3 MPa,~20°C)

=204

NGH : 5 t/d

P e
e (-25°C)

REBE | RErs 0ooo

A% (-40°C ) | ooooog

@ o im 74=FK
LNG R T (FER) B

125t/d

Lk
TARAME2—%

it FE S
(0~5.3 MPa,—20°C )

ANLyhE#EAY TS
(0 MPa,~20°C)

LNG 5 A E 4R 3% fi

’ NGH RLwhiEE%fE ( 5.3 MPa ) ‘

| NLobaEEE (ovPa )

FEH

LNG Rt LNG. 7O/ % | oy I540%

NGHA R - Bitk%R

NUybpf A BRER ALy - PR T2

J40NGHOOODOOOOOOODOO
Schematic Diagram of NGH Demonstration Plant



Ooo0000 No.20332011-70

goobooboobgooog

oooboboooooboooooooooooboooooDo
gboobobooBr2OOOO-2000000000000
ooboooboooboooNeGHOOOOOOOOoOOoood
ooooo

5200000000000000C0

5210 0000000000
oobooooooooooocoOoooOoobobocOooboOoo
ooobA0OODODODOOCOOOO0ODOOODbOODODOO
ooooooobosOOObOOOOOONGHOODOOO
OoNGHOOOODODOODODOoooOooooooboooooo
goboooooooooboboooooooboboooobooono
oboooooooooocoobooOooboboOooboogno
goboooooooooobooooooobobooos3ogo
obooboob010000000b00 ACOODOODOOO0OO
oBOOOOOOOOOO

52200000000
goboobobooNeGHOOOOOOOOOooooooooo

0100000000000
Specifications of Pellet Container

oooo ooooooo goooooo
oooooooo A goooodooo B
1nooooo gooooo oooo
20000000 10200 300 104000
PO 000 1000000 | 1000000 1000000
0000000 2000 1000 oooo
s00000 0.82.MPa 0.82.MPa 0.82.MPa
enoooooa 0000000 |00oooooo Ooooooon
oooog 77.m*x 20 20.m° 6000
800000000 5,000 kg 7500 kg 200kg/ 00
o0UooOooo 20.ft 0 30.ft 0 @ 08m
HRINYTFEY
B4Z:0.45MPa
— R
5 PACSLY HRT T
[HX |:§_ n3E 280kwW
T pum
MA
o0
000O000OO0A
BH#HE
v
. o
& R o
3 75°C =

ARk ER S

fAzK

osgbooooooooobo

HRAER

Process Flow of Re-gasification System for Gas Engine

ooooooooooooooooooboooooooooo
0000 65Nm¥/hD280kWOOO0OD0OO0O0OOOOOOO
gsgoboooboooobooobogoooooooaong 22
goboooooboooooboboooboooooooooooo
OoobzgokwbhOOoOOOOOOOOOODbOOO
goboooooobooooobobooobooooobooooDooo
gooo
ooo0ob0oooooooooooboooobooobooooo
ocboobooobooooooboooboooooooooooo
goooooooNeHOOOOOoooooaooood
goooooooooboobooboobboboOooog
gobooooboooboboboooboooooooOooooa
goboooobooooboooboooooooooooo
oboooooooooOoocoobooooooOooOooooo
goboooooooooooobooo
gobooooooboooooboboooboooooooooooo
gobooooooooboboooboooooooooood
goboooooobooooooboooboooooooooooo
gobooooooooboocoobooooooOooOooooa
goboopooooooooooobooooooooon
52300000000
ooooooNeHOOOOoooooooooooood
oboboooboboocooboooooooooooobooooo
oobooooocoooboOoooboooOobooOoboOoOoooa
ooooooobboebOobObObOOOOooooOobObOOOOO
gobooooooobooboooboooooooooooa
gobooooobooooobooboooobooooooooooo
gobooooooooooooboooooooooo
5300000
oNGHOOOOOOOoooooOoooooboooooooo

Oes

HRINYI7PHY
B 4Z:0.45MPa

S—ruY RRA—F

oooao

o0 |00OOB
200kg X 24

0000 i
©oo

HESI>

p

E—hRUT

BX WRFAERA

AR
(0)

LAz

oy ¢

RERKAL Y B&E:75°C REAZKEIRZ S

ged00oOoOoOoOoonDoOoDOd
Process Flow of Re-gasification System for City Gas



goob0obOobOO0oOgNGHODODODOOOO

ooooooo
ONGHOOOOOOLNGOOOOOOoooooooooo
omooooboboooboooooooooooooogo
NGHOOOOOO-2000000000000000000
bobooobooobooobooNGHOODOODOODOOO
ooboooooooooboobooooboooobboooobooono
oboooooooooooboobOobOboObOODbDONGHO
oobooooooooooboooooooobbooooboooo
ooboooooooooboooooooooboboOooobooono
oooooooooooboooon
obooboooboooooooobOooooo0ooDn 1.MPa
oboooooooooocooooooboboooboooo
oooooo
oobooooooooooocoobooOooboboOoobooOono
ooooooooooooDo

6.000000O0O

6.100000

ONGHOOOOOOODOO 2100000000 30000
oobDOos000NGHOOOOOOODOODDOODOOO
oobooooooooooocooooooboboooboOono
ooboooooooooooooooooboooooogn
gobooooooooobobooooooooboboooboono
oboooooooobobocooooooboboooboOoo
ooboooobobo2200000000006000 20
gleoooooooooobooobooooboboooboogono
ooooooooooobooobobooooooooo

oobooooooNeHOOOOOODOOOOOOoOoobOoOoo
gbooooooooNeHOOOOOoOoooOo 70%00 0
ooboooooooooboboooobooobboooobooono

200
BiroaE A
© 7.63 kw/m’
& 405 kw/m’ ]
150 A 283 kW/m’ i
= B 147 kW/m’ o 0@ |
9 (S
~ (@] (@]
]
4% 100 - ]
# a A4
<:F') ® = A
=z
%
50 i P A . b
° A
,EAD ADD =
=
| 7 5
0 1 2 3 4 5 6 7 8

BAHEE (°C)

O7000000000NGHODOO
NGH Production Rate to Sub-cooling Temperature

0000o0oO0o0o0oo0o0o0oobOooboboO0on0n0 NGHD O 60%
goboooooooooocooboooooooooooboo
gobooobooooboooobooooooooooooo
goboooooobooooobooooboooooooooooo
UNGHOOOOOOOOOOoooOoooooooooooo
goboooooomoboboooboooooooooooo
goboooooooooOobocooboooooooooooo
oopbooo
goboooooooooboooboooooooooooo
goboooooboooooboooboooooooooood
goboooobooooobobooooboooooooooooo
gobooooooooboboooboooooog
goobooooooNeHDODOODOOODOoODOOOoOoo
LNGOOOOOOooooooooobooooLNGDOOO
gobooooooooobobo0oobD wy3goooooooo
gobooooooboooooboboooboooooooooooo
gobooooooooboboooboooooooooood
goboooooooooooooboooooooon
gooooooobooboooobooooobi1o0d
250kmO00000000O0O0O0O0OOOODOOOODO
gobooooooooobocoobooooooOooooooo
gobooooobooooboooobooooooooood
gooooooooboboobooooboooboobobooooo
gobooooboooboboboooboooooooOooooa
goboopooooooooooboono

6.20NGHOODOOOOOOOO

6.2.10NGHDO O
gboooooooooNeGHOOOOOOOODOOoOOoDOOoOo
goooNeGHOOOOOOOOODOOooOoooooooo
ooboooooood
gioNGHOOOOOODODOOoOooDOoooobodoo
gbooooooooNeGHOODOOODOO7OOOOOO
ooboobOoOoooOooobOoOooOoOooooNeGHOOODOO
goboooooooooooboooooooobooooo
cooobooooboooobooobbooooooooooooboo
obooboobooooooNeHOOOODOOOOO0OO00d
ooooooobooOoo0oooobooboOoboooNeHOO
obooooobooooooboooooooooooobooon
gooooboobDooboOoNeGHOOOODOOODOOO
go0ogosgooboobooobooobooobooobooonoo
gbooooooobobooooooooboobooooooo
goboooooooooNeHOOOOOOoOoOo
gosoobouooboooboobuoobobooobooonod
gboooooooboobOooboooO0oo0obo0bOon0DnD NGH
gobooooOoNeGHOOOOOOOODOOODOOONGH
gobooooobooooboooobooooooooooo
gobooooooooobooobooooooOooooooo
goooooboobooooooobodobdboOoOONGHO
gobooooobooooboboooboooooooooooo
gooobooooooobooboooboOoOooOoOoOooood
gobi100NeGHOOOOOOODOOODODOOODOOMm



Ooo0000 No.20332011-70

goobooboobgooog

25

NGHERE (kg/ (h-C))

BEHEE (kW/m®)

08000000000 oUioooDoooONGHODOO
NGH Production Coefficient of Sub-cooling Temperature
to Mixing Magnitude

1000 25

* KEIE, 1REDEIERLR
— BIEEMEM
— NMTHREE

800 A REER

NGHRS!)—fIxc iz e
© NGHRS'—iRE

(kPa)

-1 20

|

o

=
THEE ), NGHO (%),

BIRERE w/(m?c)), TREREH
SEFHBEE o

0 3 6 9 12 15 18 21 24

@R 0

godooOoooDoDOobOoO0O0oOoDoDOoDOobDOoOooOooDooon
Time History of Overall Heat Transfer Coefficient and
Logarithmic Mean Temperature Difference in Heat Exchanger

dodoooooooobooooooooi20000
20000000000 000000DOO0O0O0O0O 482W/
OmOD OO o000 8eskwDOOOOOOO 1230000
od

goooooebOO0o0obOO0OO0DOOODOOODOODOODO
0000 310kPad 00 115/h 0 122/h00 000000
gobooooooooobobooooboooobbooooboooo
goboooobooooooocooooooboboooboogoo
ooboooooooooobooooooooobobooooboooo

25

3]

- [ ] 18.65
T 20 '
g o
08l g A x, % A«
EE ﬁ_l \ 18.29
XD ep
R#H
1 gt o
TJ 9 oA
=R o
ﬁ\Em @%AOAAAAOAAAAAA
X &
T X
gR
e +
RE | EEEHA RHHRHTE: 1829
e AESREHE BHHAN TR 1865

j}j O SBERE A SHTERE

ABEEEHB SHTERE

0 200 400 600 800 1000 1200

NGHEHLEME (ko)

O10ONGHODODOOODODOOOONGHOODOOOODOOOO
gooooooo
NGH Total Slurry Generation Amount and, Molecular Weight of
Gas in Slurry and Three Phase Equilibrium Temperature in Reactor

gobooNeHOOOODOOODOOOODOOOOooOooo
g2ONGHOOOOOOOOOOO0OO0OO0O0O0OOOO000d
gboi100NGHOOOOODOOOONGHDOODODOO
gbooooooooooboobOOoOobOO0oONGHODOOO
gobooooobooOoooboobooooboooooooooDooo
goboooOoooOoNGHOODOODOODOOODOOO
goboooooboooobobooobooooooooood
gooooboooooooNeHOOOOOOOOOooOoOo
goboooood
goboopoboooooNeHODOOOOOOooooooo
goooooooNeGHOOOOOOODOODOOODOOO
gobooooooboOooooboooobooooooooooo
gobooooooooooocooboooooooooooo
OOD0OO0e000 800kgD NGHOOOOOODOOOOO
goooobooobDoOoNeGHOODODOOOOOOOooOoOo
goboocooooono

6.2.20 00
gooooboo0oooooobObOooNeGHOOOOOOOoooo
ooooboobOoooooogoNeHOOOOooOoooood
gbooboooboboooobooooNeHOOOOOOOObOOOO
gb100000000000000000000 NGH
obooooOoooooobOob0bOONGHODOONGHDOO
uooboobooboooobOoboooooooboboooono
goboobO0oobDooboobDoOobONGHDOODOO
goNeGHOOOOOOOOOOoDODoOoDOoOOoOooooo
goboooboooobooooooooooooon
goboooobooooobobooooboooooooooooo
U000 NGHDOODO 40%036 0 53%00 00000000
U0oo0oooooooDObDOO0ONGHDOD 360 46% 00



goob0obOoboOoOogNGHODODODOOOO

0ooooooooo
— BKIBRERKRE

— BKEHKE

0000 NGHE(FtE{#)

® 0000 NGHEMUITYUTRHEER)

1000 7 100
900 1 90
800 F 1 80
700 E 1 70
MWW O
O 600 F 160 o
< 3 3 °
® 500 F 1 50 #
il F W\ ® 5
P 400 e |V Wv R 40 >
300 1 30
200 F 1 20
100 E 1 10
0 :----- P T T T T N U N A 1 -----In---n: 0
1:00 2:00 3:00 4:00 5:00 6:00
BR hD)

0110000000000000000 NGHO
Flow Rates in De-watering Tower and Outlet NGH Percentage

Oo200000p00o0oo
ooooood 4rpmO000 18NImO
Sample of NGH Pellet at Inlet of Cooling Drum
0 Roll Revolution[ 4rpm0 Torqur(] 18NJOm[J

gobooooooooooocoobooOooboboooboono
O0oO0oOO0OO0ooOoboOoooo4w0o0ooooooooono
62300 00000000000

oi1igogoood
ooboooooooooobobooooooobboooobooono
oboooooooooboocoOoooOoobobocOooboOoo
oooooooood
goboooooooooooboOoooboooboOg- 200
gobooooNeGHOODOOOOOOOoOooOoooNGHOOO
oboboooooooooboobooNGHOODOOODOOO
gbooooodoobooocooobooooobobooood
gobooooooooobobooooooobobooobooo

100 I I I I I

90 [—8— ~LwkNo.l —A— ~LwhNo2 —O— ~LwkNo.3

80 [ ‘—<>— "\°|/“JI~N0.4‘ — &‘wwo.s‘ ‘ n
g o ma P S S
o 5§ 5 o3
T PN 5 PN 5 PN
o 40 T
Z 30|

20 A(ﬁ( %*

10

4 S ae

0 1 2 3 4 5 6 7
ZarsmE (/)
01200000000000NGHODOO
Change in NGH Percentage of Pellet
at Inlet of Cooling Drum
80
U S

e

H

I

[©]

=z

T T T

b Tt et feoreennnennees DRt TIPS

10 15 20 25 30 35 40
a—)LkLY (NOm)

0130 000000000oooooogo
Relation of NGH Percentage of Pellet to Roll Revolution Torque

gobooooboooobooooboooooooooood
oooooooooooobob-20000000000
goboooor7rooobooNeHOOOODOOO
gbooz200000000000000000D00O00DO0O
oobo1z00000ooNGHOOOOOOOOOOOO
gobooNeHOUOOODODOOOOoO 7% 00000000
goboooooooboooooooooooooon
goodbiwLoooboooooooooooobooog
UNGHOOOOOOOOoOooobOooDbooobOooooo
goboooboosao.NDmOCOoooooooooood
goboobooobo2.NOmObOOoooOoOoDOOoOoOoooono
UNGHOOOOOOOOOOoooOooDOoooOooooo
gobooooboooobooooboooooooooood
goboooboooomoooboooobooooooooo
goboooooboooooboooboooooooooood
goboooooboNGHO 70% 0000000000000
gooooooooNeHOOOOOOOOoooooooo
goboooobooooboooboooooooooooo



Ooo0000 No.20332011-70

goboooboobgooog

oobooooooooooboooooooobobooooboooo
oNeHOOOOOOOoOOooooo
oz2000ooooooo
gobooooooooobobooooooobobooobooono
bobooooobooboboooooboscboobobobooono
obooobOoobOoobDOooDbOobobOoobobbObOoOoonoo
obbd-2000000000000000000000
O-20000000000000D000C000NGHOOO
oobooooooooooocooooOoobobooobooOono
goooocooo
goboooooooooboboooooooboboooobooono
oboooooooooocooooooboboooboooo
gobooooooooobobooooooobobooobooo
ooo

624000000000
ooboooooooooboboooooooboobooobooono
oooobobooboooooooboboooooooogo
gobooooooooooboboooooooobobooooboono
ooooooo
oobooooooooooboooooooobobooooboooo
gobooooooooooocoobooOooboboooboono
gobooomobomooooooooooboooomao
gobooooooooobobooooooobobooobooono
oboooooooooocooooooboboooboooo
oobooooooooobooooobooobobooooboono
ooboooooooooboocooboboooobooo

630000000
oobooooooooooocooooOoobobooobooOono
ooooobDobo1wokmbOoOooOoooooooOoobooo
gobooooOooooobooobooooboo 2200000
250kmO00000O0O0O0O0O0O0O0OOOOOOOOOO
b0 Ad3000000000DOO0OOO0O0O0ObDO0DOOO
oobooooooooooboos3booon
gbooooooobobooobooodoooooooogn
ooboooooooooboboooooooboobooobooono
oooooooooooooDob0 14kmO00OD0O0O0 20

003 oooooooNeHOOODODODODOD
A view of NGH Transportation by Pellet Container

ooboooooobooooobooboooobooooooooooDooo
gboboboboobooooooooo+x100000o0o
+090000000000O0O00CCOO0O00000000O0
gbobooooooobooooooooooon
c400000OO0OODOO0O
goboooooobooooobobooobooooobooooDooo
goboooooooooOobocooboooooooooooo
goooo
gooooooOsbcb0O0ebOoOobOOoOOOoOOODOOO
gobooooobooooboboooboooooooooood
gobooooobooooboboooboooooooooooo
gobooooboooboboboooboooooooOooooa
gobooooooboooooboooboooooooooooo
goboooooboooooOoocoobooooooOooOooooo
gobooooooooobooobooooooooood
gobooooooooooboobocoooo
gooooooo
goboooooobooooobobooooboooooooooooo
goboooobooooooooooocoooomoooa
ooooooooooooNeHOOOOOOODOOODOOo
gboboooooooooocoobooooooooo
000o0000o0o0oo0o0o0oo0oO0oDO Daily.Start. &.
Stop00000O0O0O0OOOOOOODOOOOOOO0O0O0
gobooooboooboboboooboooooooOooooa
oooooo2skwdODOooooooooooooooo
goboooooooooOobocooboooooooooooo
goboooooboooobooooboooooooooood
goboooooooooboooboooooooooooo
goboooooboooooboooboooooooooood
gecwxooooooos3woooooonooooooo
goo
gooooooon
oboooooooooOoocoobooooooOooOooooo
ooooooooooooooooooboNGHOOOOO
oobooooooobo2000ooooooooobo 4000
gobooooooooboboooboooooooooood
gbooooooobobooNeGHODOOOOOOOODO
gobooooooooboocoobooooooOooOooooa
goboooobooooboooboooooooooooo
gboboooocoboooooooboooooo2a0000
goboooooooooooooogono
goboooooobooooobooooboooooooooooo
gobooooooooboboooboooooooooooa
goboooooobooooobooboooboooooooooooo
goboooooooooOobocooboooooooooooo
goooooooooooobooboo400000004d
oobooocooooono

r0oooo

goboooobooobo LNGOOoooOoooNGHODOOO
gboooooobooooooooboboobooooboooon



goob0obOobOO0oOgNGHODODODOOOO

o0o400000000000000000O0CO0O00OO0
NGH Re-gasification System for City Gas
and Combustion State at House Burner

oboobooobobe.0bOO0ODOODOODOODO
ooooNeGHOOOOOOOOOOODOOOOoOooooo
ooooooooooooDo
oNeHOOOOOOOOOOoooooooo
ONGHOOOOOOOOO0O0O000
oNeHOOOOOOOOOoooooooooo
ooooocoooooobooooo

ooooooooon

oo oooooooooobobooNeHOOOOd
goooooooooooooobooooooooobooon
NGHOO 1000 0000000000000O0O0C0O0000O0
gobooooooooooooooooobooooogono
gooONGHOOODODOODOODODOOoOOoooOoooDOoo
oboooooooooboocooooooboboooboogo
oobooooooooooboooobooobobooooboooo
oobooocoooooobooooon
gobooooooooooooooodoooboooooogn
ooooNeGHOOOOOOOOOoOOoOOooOoooooo
ooooooooo

ooboooooboooooobocooooobooooobooa
oooooooooooooooobobobooobooooo
ooboobOoooboooobooOoooobooOoOooboboboooooo
gobooobooooooooooboooogooooao
oobooooooooobooooboboooboooOoDbOobObOboOon

goooooo

1D0o0ooobooodooooooooooooogn
0ooooooooo00000nisnd2006-200 p..15

000000000000000000O0000O0O0DOO
ooooooboDooo0o0000D0Oo098]2009-1000 p..12

MRz F—i

010NGHOOOOOOOUOOOUOOOOO
Roadmap of NGH Transportation Chain toward
Commercialization

30 S..Watanabe,.et.al.00 A.Demonstration.Project.of.NGH..
Land.. Transportation. System,Proceedings. of.. the. 6th..
International.Conference.on.Gas.Hydrates[J 2008-70

A 000000000000 00MNGHIM OOOOooo
00000000000 OoooDi98] 2009-1010 p..1

50 M.. Takahashi.. et. al.00 Development. of. Natural. Gas.
Hydrated NGHO Pellet. Production.. System. by.. Bench..
Scale. Unit. for. Transportation. and. Storage. of. NGH..
Pellet,.Proceedings.of.the..6th.International.Conference..
on.Gas.Hydrates[J 2008-70]

ooooocooo

goboooooNeHOODOOOOO
00 TEL.03- 5202- 39800 0 00O

goooo ooooo ooooboo obogo
- s i
gooono ooooo oooboobo obbogo
8
ooogo googo



Ooo0000 No.20332011-70 goobooboobgooog

JdoogdgbboboboNeHObD bobobogoooooo

goooooo"ooooooooo®”

Development of Storage Facility for Natural Gas Hydratd]l NGHPellets
Keiji FUKAZAWA, Hideharu KATO

Mitsui.Engineering.&.Shipbuilding.Co..Ltd..has.brought.forward.a.palletizing.of.Natural .Gas.Hydratél NGHfor.new..
medium..of.transporting.and.storing..natural.gas.and. has.been.engaged.in.the. research.of.its.availability..NGH. Pellets..
under.atmospheric.pressure..can.be.kept.stable.at.minus.20.degrees. Celsius,. which.is.a.relatively. moderate..condition..
due.to.their.unique.characteristics,.so-called.Self-Preservation. Effect.

In.storage..condition,.owing.to.a.self-weight.consolidation,.a.block-up..condition..caused. by. their.mutual..adherence. of.
NGH.. Pellets..and. their.adherence. to.inner.surface.of. the.silo.are. the.issues..of.concern..Design..of . discharging..unit. of..
the.storage.silo.has.to.sufficiently.reflect.the.characteristics.of.NGH.pellets.

In.this..paper,.such. characteristics..of.NGH. Pellets.obtained. through. property.tests. of.their.adherence..and.clogging.
analyses. are. discussed. in..consideration.. of. influencing. factors..of. NGH. Pellets. storage.. The. element. test.. using. scale..
model.machine.is.also.conducted.for.confirmation.of.applicability.of.screw.type.discharge.machine.and.its.specification..
is.studied..In.addition.the.simplified.calculation.method.of.power.is.proposed.for.design.of.actual .machine.
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Development of Regasification System inside Cargo Hold
of the Natural Gas Hydratd] NGHUCarrier

Isao YOSHINO, Takashi NAKATA, Shinya YUASA, Kiyoshi SHIMADA, Go OISHI

..In.the. case. of. a.failure. of. the. mechanical. unloading..system. of. Natural. Gas.. Hydrate[] NGHO carrier.in. the.. cargo.
hold,.the.NGH.pellets.stored.in.its.cargo.hold.must.be.urgently. gasified...Gasification.work. is.also. required. for.NGH..
regasification. carrier.that.transports.gas. to.onshore. terminal. after. gasifying. the. pellets. in. the..cargo. hold....For. both.
emergency.regasification.in.NGH.carrier.and.normal.gasification.work.in.NGH.regasification.carrier,.the.establishment.
of.safe.and.rapid.regasification.system.for.huge.volume.of.NGH.pellets.in.the.hold.is.quite.essential.

..For.investigation..of.the.regasification.system,.model..test,.modeling.of..calculation.and.simulation..have.been.carried.
out.and.a.practical.simulation. program. has..been..developed.so.as.to.study. the. full.scale. regasification..system..which..
can.analyze.the.freezing.phenomenon.expected.in.the.full.scale.carrier.
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Analysis of Local Structure of Mixed Gas Hydrate Pellets
by Raman Spectroscopy

Hiroko MIMACHI, Masato I TO, Masahiro TAKAHASHI, Toru IWASAKI, Ken'ichi SANO

It.is.necessary.to.establish.the.analytical.method.of.investigating.into.the.hydrate.quality.for.the.new.gas.transport.
system.using.natural.gas.hydratd] NGHOpellets.

In. this. report,. distribution. of.crystal.structure..and. gas..composition..in..local.. parts. of.. the. mixed. hydrate. pellets.. of..
simulated..natural. gas.composed..of. methane,.ethane.and. propane.are. revealed. by. means.of.Raman.mapping..Crystal.
structure..of. pellet.formed. at. 281.K. has. proved. to. be. structure. 11..on. the. basis. of.. the.. proportion. of. occupied. cages..
small. cage..large.cage O 200 1.. Meanwhile,. the. pellet. formed. at. 278.K..shows.. some. spread. toward. the. straight. line..
representing.structure.l.ratio,.which.suggests.that.both.structure.l.and.structure.Il.exist.in.this.sample..Furthermore,.
the.pellet.formed.at.281 K.has.been.more.stable.than.that.formed.at.278 K.under.253.K..storage..condition..It.indicates..
that.the.former.has.higher.quality.than.the.latter.
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Application of Gas Hydrate Technology to CO, Separation and Capture
Mitsuru MIYAGAWA, Kazuyoshi MATSUO, Souichiro SAKURAI, Masakazu SAKAI

Carbon. dioxided CO,[] separation.and.capture.technology. is..one. of.the. effective.methods. to.reduce.CO,.emissions..
Mitui.Engineering. &.Shipbuilding. Co. Ltd..is.now. developing..an.inovative. system.of. transport.and. storage. of..natural..
gas.in.a.form.of.gas. hydrate..In.this.paper,.we.report.on.an.application. possibility. of.the..gas.hydrate. technology. to.
CO,.separation.and.capture.from.shifted.syngas.in.IGCQ] Integrated.coal.gasification.Combined.Cycle[process.

We.studied.an.optimizing.process.combined.hydrate.formation.and.CO,.dissolution.by.simulation.considering.energy..
recovery.. The.simulation. results. has. indicated. that. the. total. energy..consumption. including. re-compression..energy..
of.recovery..CO,.is..170.kWh/ton-CO,.in.case..0f.90%. CO,.recovery.rate.from. raw. gas.witch.consists.of. hydrogen..and.
CO,..This.result.has.shown.that.our.process.can.separate.and.recover.CO,.with.lower.cost.than.existing.technologies..
Furthermore,.we.confirmed.the.fundamental.principle..of.CO,.separation.and.the.effectiveness.of. the.above.combined.
process,.by.carrying.out.the.experiments.using.a.continuous-type.test.apparatus.with.a.mixed.gas.
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Development of Ship with Significantly Reduced CO, Emission

Akihiko FUJII, Ichiro TANAKA, Ryosuke MATSUI, Koyu KIMURA, Tosiaki YAMAMOTO, Hidenori YAMAMOTO

As.the.global.efforts.have.been.made.to.the.reduction..of.environment.load,. the. significant. control..of.CO,.emission..
from. ship..has..been. internationally. proceeded.. MES. has. been..proceeding. actively..and..continuously.. the..reduction..of.
fuel.consumption..of.ships.which.is.directly.connected.with.CO,.emission..Considering.such.an.accelerated.activities.for..
the.control.of.CO,.emission.and.advantage.of.top.maker.of.ship.and.engine,.we.have.developed.an.advanced.VLCC,.as.
a.cross.divisional.R&D.project,.targeting.to.reduce.CO,.emission.by.30%..

The.development.has.been.made.for.the.improvements.of.energy.efficiency.at.calm.sea.condition,.using.technologies..
related. to.hull,.such.as.improvement.of.hull,.propeller.and.energy.saving.devices.and.etc,.and. technologies.related. to.
engine,.such.as.electronic..control.of.engine,.and. recovery..of. waste. heat.energy.etc.. The.improvement.has.also. been.
made..in..the.fuel.consumption. per.ton-mile.at.actual.voyage,.using.technologies.for.better.actual.sea.performance.and..
engine..control,.and..optimum..voyage,.etc..By..combining.and. integrating. many. technologies..which..we. have,.we. have.
achieved.as.a.result.the.reduced.emission.by..30%.
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Development of New Control System for Marine Diesel Engine to Reduce CO, Emission
Ichiro TANAKA, Takashi MIKAMI, Takeshi AOKI, Hidenori YAMAMOTO

Increased. fuel. oil. price..and. request. of.. reduction. of. CO,. emission.. against. the. global. warming.. motivate.. Mitsui..
Engineering..&. Shipbuilding. Co.,.Ltd.0 MES[ to..develop. CO,.30%. reducing. vessels.. T his.. development. project. has. a.
lot. of. activities.. on. not. only. the..application. of. new. technologies. in. design. stage. but. also. the.. optimization. of.. vessel..
operation..during.a.voyage..In. this..paper,.the. status. of. the.development. of.new..engine..control..system,.which. is.one..
of. main.. subjects. in. the. activities,. is. described.. This.. new. system. has. three.. engine..control. modes.. Two.. modes. are..
conventional.and.one.is.newly.developed..A.most.suitable.mode.is.automatically.selected.in.accordance.with.the.actual.
sea..condition..Finally,.fuel.oil.consumption. is.expected. to.be.totally.reduced.by.1- 2%.during.a.voyage.. The.system.
can..easily.be.introduced.in.our.latest.control.system.only. by.replacing. the. software.with.new.one..MES. has.already..
finished.a.function. test.of.the.system.in.our.shop.test.and.is.planning.to. have. tests.in.actual.vessels..Eventually,.the.
new.system.will.be.able.to.be.put.into.commercial.in.2011.
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Deposition System of ITO Thin Films for
LED Application Using Solid-Source ECR Plasma

Takao AMAZAWA, Hironori TORII, Shigeru HIRONO, Yoshihiro Okazaki

The. market.for.blue.or.white. light.emitting..diodes[] LEDs[] is.expected. to.expand.significantly..in. the. near.future.
as. their. use. in. TV. backlights. and. lighting. devices. grows.. MES.. Afty. manufactures. and. sells. electron..cyclotron..
resonancel] ECRO plasma.deposition..systems.as.a.unique.technology,.and.these.systems. are.expected.to.be.used.for..
the. deposition..of. high..quality. transparent. conducting. electrodes. of. LEDs..... As. a. result. of.. studying.. ECR.. deposition..
technology.of.indium.tin.oxide] ITO,.a.typical.transparent.conducting.film(].top.level.characteristics.such.as.resistivity..
and. flatness..of. the. film.have.been.obtained. by. effectively. utilizing. ECR. plasma.irradiation.... Furthermore,.the..ohmic..
contact.to.p-GaN.has.also.been.realized.
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