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% 1 & BRITISH GAS plc, Westfield Development Centre

1 ibwiz,

Hestfieid Development Centre ¢, Edinburgh oit#y30=A L (50Km) o> Fifi BHDLIZHY
29, Westfield i, W< DEBREORINTREME, ScotlandihnEhitiA AUADIOIE
oA BT, 1960505, FERN ZDOBHHITHONDS & 5127 »TAAEZ TOREL, #iFA%
LTS L.

Vo7 cWest field Development Centrei37en & L7z, FHETo/ SRi%, 19904 11
ASH 09:45125R5 L, B4, 10:00 »5ITHabRICAD E LIz, British Gas Plc HIopHiE
i, LTy TLL,

Westfield Development Centre :
Mr. Geoff Twizell,  Work Manager
Mr. Haydn S.Davies, HManager R & D Project Westf ield
Mr. D.F.tales, Development Manager

Midland Reseach Station:

Mr. P.A.Borrill, Assistant Manager Process Development Division

2. Westfield Development Centre %4 DOEE

10:00 ~ 10:20 OFE, FiKo Mr.Geoff Twizell Xy, XoEHIINL:,

Hestfield 474 MX, 195961960400 Toa L7, Dry Ash Lurgi AFRIUFT, AR
22 2XHTRHN T 7~ N TH-1z,

Westfield o LurgirS M3, Zheh 2.8 nDEEADry Ash LURGT A 2{UF4ZE L Dik->T
WC, kx 0.33 X100 /d OERHARE25 bardFES CHHE T ARIT L,
oW, 3EASEHESIL, REShAARZLPGIck nigan, 1 x10°0°/d oftig 2% it
BLTWwE LA, Hestfield o Lurgi > bk 1974 EEZTHEIL TV LACH, #ihH L
LTONGERATIP SR Y, 197TMEILIED SIS TIBEL ., Hestfield DBY LNGIL
nEL.

19744E8 HiZ, British Gas Plc {3, Westfield 2R HDEHA AR 2 — L, Hi—,
dland 75 Mestfieldiz, OOy —-3BLL.
Bt ¥ — L B> T LDBEFNDTOY 2.7 M, KEPLDESICLE, 2T79Xy 7 - HA
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FIG. 1. THE BGL SLAGGING GASIFIER
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Table 1 Typical Clean Fuel Gas Anaiysis

Hz
00

€0,
CH, +H.C.

N2
v

Results from the 500 tpd Slagging Gasifier

365 BTU/SCF(13.GMJ/M])

31.5 Vol% -
5.3 +
2.2 4
6.7 -
2.3 ¢

TABLE 2

Markham Main Markham Main Pittsburgh{Pittsburgh
Singles Power Station Fuel No.8 No.8
+ briquettes + slurry
Proximate Analysis, % wt
Moisture 9.5 10.9 6.5 7.6
Volatile Matter 32.3 28.3 34.1 32.7
Fixed Carbon 54.7 46.9 46.5 46.8
Ash 3.5 13.9 12.9 12.9
wt % fines in graded coal 6 10 12 30
wt % fines as briguettes 0 50 0 0
wt % fines as slurry 0 0 0 28
wt % total fines to gasifier 6 55 12 50 .
Steam/0Oxygen Ratio, v/v 1.21 1.09 1.20 0.61
Gasifier Outlet Temperature, °C 418 284 430 404
Gas Composition, § v/v
CH4 6.6 6.8 7.0 5.2
co 58.7 56.5 57.2 55.6
H2 27.7 26.6 27.8 29.7
co2 2.4 6.0 4.0 5.3
N2 3.1 3.0 2.5 2.7
Gas Calorific Value, MJ/m3 13.9 13.6 14.0 12.9
Oxygen Consumption, kg/kg daf 0.53 0.58 0.58 0.65
Steam Consumption, kg/kg daf 0.37 0.38 0.42 0.22
GJ gas/tonne, daf 29.1 28.6 31.2 30.3

RK2h5, TV S ERALHE (Markhan Main) (43AERA 2eho)C QA8 R TH AR



EMETI5CE, A5 %8472 (Pittsburgh NO 8)ESRHERENEML T, RF—LiHE
BIL, EBAADA Y VREMET T 6 EGiALNET,

25y X INNXFDAFEHNAEC— Kid10%,/ HERETHD, LEFHEL T SEET 5
$ TOMRIL REHIRD@YIEZ 5T,

Table 3
- T y 31Ul i R
1 5] 1685741 FH5E
F0O (Tuyere) pifk =R N N 4R
Eh(psi) 300 300 0~300
R QIAL R S 304 Vevy 35E SE5E]

3—-2 HADKRBIUHI COM7OtAUTOWT

Hr.Haydn S.Davies X V) FadtiA%52i13,

11004 DAERLI M Ty b - TS5 R EE-TERLE,

L7 5/~ KR TORNT, xiEH - BEEICaX Mg, 6, BRTRNTES, b
DEARRDENLDEERLTNWS, — 3L 27V, 3237V -V THEL TS,
END RV, RIERERITHT W, v

HICOM7atild, FRA AT RPSDH A% SNGIZESET 2 7-DICHR SN Lo)
T, HICBGLRAF v X7 - JfZ{UFP S DA BRI TWS . KORIGHHSC R Y,

BAIIZCHE IR T B,
CO +3H, =CH, + HO AP EREIG
CO +HO =CQ, + H, A 2L

B, 2HORIGL LT,
4CO +2HO =CH, +3CO0,
RIS EFLFERRIPLNT, BE LRD Y Fa—WtEREET 3.
HE R F— LB~ AUETRES LS.
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25%ERICE Y, British Gas {3+ 79D L S LitikikivkFEE, MIAXRLSNGIZT 500D
G8AF—LY 7+ — I 7N i FORRERIITETWET, &4, British Gas AL,

CRG—FEY, XF 32— a Y ITRTIERICRVIBEHE HITFTWSLE), Great Plains o)
SNG7'Z7 ¥ FTHEEINTWEY, |

R -MgEEBANCOBG Lﬁzﬂlj&@—m

H, 27 Vol%

co 59

CO, 2

CH, 7

HS 1 ¢
AT=Iv

British Gas Tik, Dry Ash Lurgi A 2{AFPLDH AT, 19TEIZSNG E2{E-T, ZOBRE,
LOFS = - 75 MDA AR E 2B BRI 7B ADOBET, B~ KA 5 A~
& —RESOEIERTUIAHHER 1), BSOS LR BT L,

4 Y 4 BRI LIS TR T L B0 T

TABLE ¢

Typical Gas Compositions for Gas from Illinois Coal

Inlet Gas After 1lst After 2nd
Methanator Methanator
Gas Composition,
$ v/v
H2 30.3 6.6 2.4
N2 4.2 5.1 5.4
CH4 6.1 36.5 39.3
co 57.5 .8 0.1
co2 1.9 51.0 52.8

HICOM7QteADTEV AL =23 - 7’5 M, 26T 1033 BEloliz {7\, 2D
7aL2H<, 7LXTINTHY, HOMEL o WER KL L,

(1]
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& 2% BRITISH GAS plc, Midlands Research Station

(2—1) Lo -

BGCoMidlands Research Station (-LJ.T MRS) id. X— I AhLnmfins .
Y8/ NENT: BIEANDKEEL WSolihullicdh 3, djHMDWestfield (2HF25B6C/
Lurgi 25 v X > 7 Z{LFAETHOMZEVIWZ@IZ . AXHAD—171 24
PIO8E(1990 11/6) (2R FAZHFL . BGC/0SAKA Gas DFEATS 27t X %FHFRE
LTWAMRSAMMAP-7:, MRS T, RERA ALEMEADEEETH 50r. LaceyZiT U
HETHLUTNSZDOEAZ 2% . ARBEOBUAL ABRBOREB I USSR ET-

P AN
[F-2maRE]
Dr.J.A. Lacey . Director
Dr.R.L.Ensell - Manager , Process Development Division
Mr.P.A.Borill : Assistant Manager,Process Development Division
Mr.C.Hodrean : Assistant Manager,Process Development Division
Dr. M. Atkinson . Principal Engineer,Process Development Division

Dr.tnsell [CX B2 FHLAHAMOBMESALZ T/t Hr.Borill (X 2 8ERLHR
B BEoYdTsbhs, 20, dr.Atkinson 2k 2 -203 - )V KEFLKBD
BEFH (OREA 279 —FETONFEY QFIT7+F2—TIEBH5RUY
A7 NVEY) B EFAE2RZTfiibh, 72, 805t /dNX4ay by 7I5FTHD
HKBstwl . KBRWSOEDEELRA V MZOWTEHAEZZTL., ZADRKRESITT.
SMREZOHEAZ LR T 5 SVWDEFICRLLBRICEF T, 5t /d/xMay
b5y FRBBEBORFL. OISR TERS UL,

BGC 25 SBOMMEE ST . B E B LBRERAT, Fieh Hid Hr Hodrean (2 X
BDRAFKEH A TOADTO L AAX - LADWMBESHE . GEIGE . Dr.laceyick 3
mwwmi19v¥77ﬁ1ﬁ7ut}§%bt§%@ﬁ%@§%\Mm “RRIX3
NEDOYEBIRFLOFAT . Ftk4BP LHIICMR SHRIDARZRZ . FTFANELP T,
T, BARTCHEOLH VDX 7942 LHT. BGCEMD/N—F 4 ICHEL . B
DEFHREEDT. ZREF TR AP DI BED S LIC—AHFKRT L,
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(2—2) BGC plc BIUHARMOHE
(BGC plc F4T A Review of Achievements 1989/90, MONITORL ¥ )

(a) SHBEE
FREBELS 80 @r K
i B 2R 2% 10. 5 {@KUE
SREEE 195 R K
FREFER 7.47 {ERUE
SERIA 2 BR5E #30 ErYK
EXaR 8AA BEB 17. 7T8AA

(b) HABOBE

BGC plc DEAFKATIE. EICUTN4>OW|AF»H%5 (M2-1) . MRSOHR
mu.%m—OTbéoﬁbwm%ﬁﬁwwawMtE%¢T\w%ﬁm%m$%t@.
ZETHB,

*Midiands Research Station (Solihull,West Midlands)
ITERHTADERICET 2HRARRE. FRABROAKKICHET 2 ZLEDHAR.
BERA A EZ LT HILERBOMARRE

* Hatson louse Research Station{London)

RERA ZADERICET 5T 5RR

* London Research Station(London) ,

HAR . AANDEROMARFE. FRAEE. FHE L UCREEEOHARRE

x Engineering Research Station(Newcastle upon Tyne)

TR - AANDBERE. FRA&GE - FRICEATAZ P27 Y 7OH%E

BGC pic DA DDMAMTHMARRICKBLTVEDIE. 1 T700AT. 2035
FHEFEORRETH S, FROPFARBAROTEIZ. 75 nillionKr K ($H1 90
P])‘('béo
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_Use of gas in the home '

S London Research Statlon
Corporate support for exploration, gas
producnon and use, and envxronmental
matters 2 : .
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(2—3) BGC/OSAKA GAS HEAFBHF AT XADRARZEREIUHE
, (Mr.Borril,Dr.Atkinson 10:00~12:15)
(a) ARDER

BGCLARA A, EEHOTHREICL2KERETSNGR2EETs/Xfay b7
FUyMCIAEFRBABE1983FIRTLL, TNk, 1984FLYBGCIT. AR
KB ZALDHRER A Z AT L1z, .

1 986EICBGCEABARIZ. RIGBRNICK I 7 b Fa—T%F&. HRONH
BREEHR L T2REERIGE (MRS Coal Hydrogenator)iz X 2 F{gAS A LEH DR
FICABL. 1988F10AIE—7x—X (9nillion KV R) 2RIHEICKRT LR,
F/—7 2 - XTlk. RIGHZHEFBXOWEA. AREON 0y 77 M ERICK S RIG
stigEoREt. BFEORFZHME LTrb/:, \EWT, HEARRIE. F27=2-X
(4. 5nillion sKYK) ICAY . KIGHDRESHERIZN T 5 SHE LRI 35HES
HIht, 5t/dNM 0y b7V FOBEERIDDxEE. BEE 1 99 OFRICE
L7z, 199041 0AIElEoXBEEZTY. 11H21H»5 1 0HENESEE 2
EiEFTETFELCL>TWE (RRENRKN??) .

(b)) BRART ABEHOEE
ARPLSNGEARTAIAEELT. M2 - 28R TE2L 2D —-rBEEZ LN
5, AR%¥C2 /Hz OTREH AL, CO, Ha HRELIHE XFX—arDA
Ty 7TEFETCCH, 2150 — bk (PATH-1) & ARICEEH, ERIGIECH, 24K
L. RIEHADH, i3F%~D02 /H, OHFALTEEET B/~ b (PATH-2) ThH 5.
ARDEHFKBICL S CH, REPATH-2)D T BDRREH AT LB LN
Ebs, Oz HERNILZL | BANLEDEFE L DTREND S,

2C0+2H2
(PATH-1) -
.. 28%
40% 2H2+C+C02 '
/r(‘w}l-Z) .....
0% 8y,
2C+H20 CH4+C02

B2 -2 SNG FROM COAL



MRS COAL HYDROGENATOR (H2—3, H2—4) 2. RIGENICKI 7 b F2—-T%FK
T, AXONBH/RICHFHZE T HRABRIGHETH S . MRS COAL HYDROGENATOR ¢,
BHEDT VAN ~-DRIGHHEBL T, RIBERSGES R EKIGH 2 HXADBTMHRIG
BAFTTDLNLLO. A0, CLARBH: FADTRELEEET . PFNHR
WYT7289—-t%3, CORGENERLLT. H RIBHFRADTHEZB/NMRUCHIZ 60
BIr . ERHFADBBIRERSTEZ L. MHK. BEKEBETELE. AT —
N7y TEDRWI LR EHFZHLNRTNWS, '

cosl —pu :

hydrogen . COAL H2 COAL H2
e 140 390C 140 ', 140C
—3 product ges
chag catch
PRODUCT
1410 C 950C
CONVENSIONAL MRS HYDROGENATOR

TYPE REACTOR
M2-4 RISEORNE

S o KB XU KTy 7 F 2 - TRIGEE AW MIBOSRT . BAOTHE. K
B GRE. Eh. BEBE. H. /JBRILZY) OERMCRITTHEIRN S,
F 7> MRS COAL HYDROGENATOR DGtk hFEMEZFHIET 5702, ZH>DYEHETIV
(2—NVEKEEFI) HEHEIN. 1986%FH51 98 7THEIZHITTHEITHN,
A-NVEEFLD—2ME. RIGHEADH ABREHZAL72DNDLNTHY | fthd—Di3
Bl v V2 7 5~ EEOH R MTOREEIEHBLODLDTHE.
HABRDEFIAL. NATs hTIY b (5t /d) 223 ab—hEBTN

19
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25 —VEFAVT, ERT77VNVEHEE. ZREMAWTT bari TOREHTHE - T
W3, -y —RFL LTI, EFIKR-F X Verniculite (200-300kg/m3)H. F
—DEPRFE LTHWSRL, EEEA L LTUL. A RBRIE(GRR) | RIFIHOST.
R H@ER®. NFREEE. X/ NFOHERBELETHS. R2 — 1 IZHESHRD
—ERT, BKI7bF2—T@E. KI7bFa2—-Tk4 7% REE. 1 >
79 —HAEE. MTFROGRRICRETHEF LIS,

iz — 1 : Physical Model : Effect of various
" “parameters on Gas Recirculation Ratio

Mean particle Injector Draught tube- Draught tudbe GCas

size nozzle injector diameter Recireulation
bore spacing- ratio

460 B 3L D . 9.2
30 B 3L D 8.9
30 B - L D" 7.3
30 B 3L 1.25D 6.0
30 B L 1.250 4.6
30 1.4B . L 1.25D0 4.0
30 1.4B 3L o] 6.7
30 1.48 - L D 5.4
30 28 L 1.25D0 2.9
30 28 L D 3.5

gas/sollds

injector

injoctor
8ssembly

/dunmhl iubo

rocyclo
o8 low

| — annuius

X2-5

A2 08— BTOHFR/BTFOREEHI. XMy bTPIFU MR T —DA Y
27882 I2L— PLEBHFEFATITONL, RBIZ. ZRICEY . KRERMF
TTibh, FL—H—RFL L Tid. FCCi (RERMTOERLNT) vHEVWLRL.
E< DA 278 —HRBIZHVWLR, RI2-5LH R/ BFHDTQ-NRY - DHR
NLBZRT. CORBERIZ. XMy b7V FOTFFA VICRBENT:,

ZODaA- LV REFNORTFEHICOTIE. 1 0FRBRENETAIZL DB TbI
AR



5t,/doN4ay b7k (H2—-6) NXBRE. 198 7FH,5H1988FIL
bR (PHASE-1), Zoxd my F 75> b3, ABEsENax 3REITRII SN
BSEE1000C. Fhe 2bar | BEBIUFAERRIE. ThZh. 20 0ko/H,
67 ONI3/H DR TRRTE S,

RIGic BB H, (3. A/ - NOAERBETO2< S, ERMBATTFAINS, i
BREINSARIE. N, KLV BEHTREBEA VY79 - c@x3ns, ARE. &
BEBETAF- AL NTFRINS. RIBBTERLLF+ —id. Fv —X v/l (Char
catch) CHiE S L. HRA L, BEASHTY 72> 5805, AWLAERE.
Manvers _ Pittsburgh NO.8 _ Illinois NO.6 _ Loyvang TH 5.

SRERZPEIL . 85 840-1000 'C. FEh 42-62bar . H. coallk 0.17-0.61 kg/kg(daf)
A A REESE 10-36sec . A ATERRIL(GRR) 3.5-12 vol/vol Th3 . XBERER2 -

coat

2 ‘:7_]%‘?- ° foeding
plant cosl
transport o

l—é‘puho ater
=

nltrogen °

oloctricat

; Y
superhester }
A ]
[ sample

probes n

>
i -

wator

cooler

product

rosclor [-1Y]

quench

A

chu/

hydrogen irom catch

reformer Q *

batch char
discharge

cooler

water/
aromatlcs

@ 2 - 6 COAL HYDROGENATION PILOT PLANT FLOW DIAGRAM
(highty simplilied)

’ §2 — 2 : Typical Results from Coa) Hydrogenation Pilot Plant

Operating pressure 62 bar

Coal ' Hanvers Pittsburgh 8 Loyyang
Temperature, °C 955 962 867 865 872 876
H,/coal ratip, w/v 0.2 0.6 0.4 0.4 0.4 0.4
Gas residence time, 15 15 35 12 11 11
seconds

X carbon conversion to:

Hethane 32.3  44.4 32.8 22.0 29.6 32.0
Other gases : 3.5 3.1 1.9 3.0 1.9 12.3
Benzene 3.8 1.4 4.5 8.6 6.8 8.0
Heavy aromatics 2.0 1.1 3.0 4.6 8.2 2.7
Total 41.6 50.0 "42.2 43.2 * 46.5 55.0
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fiﬁf}%@ﬁﬁﬁﬁﬁ@ﬂlﬂ?‘%%ﬁﬁ%ﬁﬂ?%EXTENDED PILOT PLANT TEST(PHASE-2)
DFTEFREN . FBELEESEC OVWTIHWAERT L., COTEIZID 1 0 HEDES
HEEPTEEE % 5.

PHASE-1 PHASE -2
1985 1986 1987 1988 1989 1990
’asb757b5AR
&xatwret
BFRME —
HE —

EFBEOTEL S . AROBRR. Fv— 0Bl - $hil%. FRAAERCHS.

* RO TR 30t ERBODARTA uBIUVERESOHR
* oo —DHEH - YEH R REERTETOF v - DEHEE (KERTHEIC

IDFr—BEZ200CLUTIGH) . Fr—Hiliky - BIUFARTA 2
ERLAREEDF ¥ -4 aDF&K

* Jf A LB T eeeeeeee RIGEHEOLC XY UAN-Fx —2HETE2BRYM 708X
U4 7aryfay 72RyN-S AT LADHFR

g {fay v rIrrEBo7a—-282 - 7R,

coal hydsogen

downstream

coal processing

| iransport
vesso!

coal silo

I cyclones
Lg!elm product gas

prohasior coolng

wvent
lock

hoppors cher sllo

o
r

rotary 4,
valve @/

transport
ous

. char ,
kay dischargo
oxlsting plant hoppors
now plant

nitrogon o, ¥
P

char
disposal

[X] 2 — 7 MODIFICATIONS TO COAL HYOROGENATION PILOT PLANT FOR CONTINUGUS OPERATION



(c) ratr X5  (Mr.Hodrean 14:00 ~14:30)

ARABH 2T LADTOLAZX — L (M2 - 8) OBRBAIHINL,

BRICHF SO BEBHELTETRY,

* KEH AUF B ORBEIZA M, £HD1 0BLTTH S,

* PSALESHEICLEH, MREZHRE LA BEZEIZL1 0% SVWLPEDY D
e R AN

* WENBEDOEMRIZ . FENETH, 2ENT L LEOVWTRIELWES>TWS,

* REH AT P LA S 3 -9 —FTHOEHFKIZ1 0 bar TH3S.

* F —DH XL E L TiX. Shell Krupp-Koppers 4%, Bz iFEHEz 6 kI,

* 70 ADEFHEICIE. Hz /COALLLDFZEFKE W,

* AKBERIGB{AOTHORRREIL. BEELOBREZEL TR 548D 595,
H: BEX ETF3L 0. RIBENZ LIFAII5 FEFEICTIXTHL L,

o, heavior
" aromatics
HC1 bonzone
NMy H2S
coal cosl nydro- | . oas acid gas eryogenic 1rim
> r->‘ el HP~SNG
proparstion ganator cooling 5 romoval soparation mothanalor
A A
char Y
A 4 hydrogen Y
prehealor
power
ganeralion p«f
{optional}
Y
char o acld gas acld gas
Quatfler l > romoval 1 Co st P omovar 2
Al 1 Y A
export stoam oxygen stag HCI H28 CO, H20 COy

- BI2 — 8 .coaunvorocenaTion PROCESS SCHEME

o
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(d) ERLE

[E] Rib&#ENEst. FIZE. REFEEFI 7 FEORIBE S GT->TWa D,
[B] RIGBOEIE. 1045 THS, FIT7RELEOVTUI. E32LIITELN
. VBWBEDLDEHITLL,

auj

(B ] RIGBANBRATADHEL. ¥ LW,
[B] HIBIZ-ZDEREZRWS B71-F/ s<bWwWThb.

(8] BSBEDYA 70 DR . BLOWOTIZ Wi,

[B] BHEN8 0% bWViE. Fr Ryt THESATVWS, BENKRETIL.
oYL 7 T Yy —HEEZTHOoTWEY | — 2T+ R BEEDHESREE
B/BTNW3,

[B] Fx XNy hDFr—EDLNVE., EDLSCHEELTWEDP,
(%] ¥ BRBNFEETH->TWS,

[B] SEEENDOHEKOHE. L VEB/IEEE>HE 3 H,

[(B] Fx U —HRELTE. BfE. N2 2RV, WO IZREMASGETHRELTY
5, 1O0mmBEDONATT, —FDA P 27825t/ dEEDRALTNWT
RIFEIXZe W,

(8] AEEETIE. INFA Y2789 3 RATBILICHBEERI N . 4>V
28 —DERBIHIOWTIR, EIFEZTWE D,

(B] BELPBAADNFA 278 -2 bhbLwn,

[B] a<w—3 v VAT -V TOREHSB I AT LDHEIE. BE T3 LWL B S 75,
(Bl A5 —nNT7y7id. TRUIEBELIZZZ Ty,

(B] v —HEDOL -\ UVTiZ. HELE. Z2DH,



(8] Fv—DHHEER. 20 0CUTREHHBL TS,

(B] RIGBADH., /GAROHIE. ES5FEZ76L0h,
(B] RIGBATIE. 1. 5~2. O(weight/weight) < 5V HEZ LN,

[(B] av—3 v VAT — LT, EDIHICRIGHEEZHHT 20,
[(B] EEL-EERATIE. FRH, oBETayba - TE3, 22, XF— 1

Ty TEATIE. O DA VY22 arydBELrBbns,

(8] H, /BERE. A% L->TH2D, REICLKETL2OTIE.
[B] 7t 2nEFHElc L 5.

[(E] H: O, EI50.

[%] H, OHEI. RIBIEZVF 1+ AL TV, EFOREPRIRT 2013, 858

Ck B, k. 9ARREDKEL b,

[B] HABRORIBNDHZEIE, EDLS 60, LEXECH DYRED,
(B] RIBNDFEIL, BEAETW,

[(BlnN4ay b7y bORERIL. fAITH 72,
[&] H: OMAKEICZLOEELRH-72H . 2|iCid. TL A LRI P -7,
B2, RIBEZDLDIL, B EIRAICHEENTE.

[H]) 27 =7y 7 Lick 2ORIBHAORIRIE . FEL WD
(%] bH24. TRIEETHS, ?

[B] RIGENDARMFERIGAHANAZHRERIX. EDLXH532FEZLNEH,
[B] RETE52bITRELZW, A E2-F-3ab—-arTid. 10° k/s
DA—F—ThH5,

20
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[B] CORB/DEL—NVAKA i, RIBH: HADOFREEZTIHFLh B LR
I)%o)i))o
[B] #3572, 9y 72720 Tlk,. Ha DTFEIZO, 28T L1,

[('E] YoREN. Corarxizad@iiitndk,

[Z] Y0k 3 ZAERLERTE S L0 Ak bHREED TS, B, HBTL
REREOTR Y BRTIRERL 2. REORTE. BRECL2.
Brown Coal (3. ALV WNEETHS.

[E] REBSBDOBFETNI. ARBT /A ADFEBHLERICONIZETLV L DD,
RRLTWBDH,

[B] =7V, BEETVORAMAEZDMY AN LAT, RBERESHTES,
NFOFR-—NETy72TFETHI LI, \E, BRITELZL TN,

(2—4)X4ay b T3 FDOR%E
(12:15 ~13:00)
N4y z7rF7 Y OREL. Zo0MICrhhTirbhi:,

(a) Bi&iE

LS. BHCEMOMEEETHBRIN LR - Y —CTEXL . GRHYA 0
(Z230t. 6~7THHOFE) ZRTARLNS, AKHYV I L. AEEDOEET
EORIZE K ABDF Yy -4 aBhEATWS, 7 barT. AREZEESE (coal
transport vessel ) iCXoHh b,
50m<6u$ﬁtt:6m\xy/—wwx+—AU7x—Ey7Ki6Hz%ﬁ
KEELCO: REBRMBAEIrNL TS, H REIIXULDHTANTLNE, /2. %
DT SHECIT . ARER S ATFLARRDLHICERI N AREXKBEEN . ZRoG
CIRE > TB. ZORMTE. N2 ARE %+ U — & LAAREEREROREE
W, BELZR70mT, 70bar #7565 5har & 7 \OEXKE. EROAEH
Tbh/:, AROREMEXICIE. BEXEHLLE>TW,

1 OHEEHREEDTF ¥ — i AT ALCHERT BN, Z2EhL 500, ABDHK



BEROYI2HBF|IFINTWE,

(b) BA&MA

19 8 2 S5HRKEHAOBMRICEAINTWLI AN -DEO Y TFa2—T
FRANS kg / h YTI78-HPEZ2AYFELTREIRTWE, Zhid.
Mr.Hodreans. 1y 72 7 2 VICREBEN DTS, FHLTWLDTHL LI,
CHDEZ 2 AV PHRZ > TWVEIEBL A UEBICHZ I hkEa* A (Coal
tranport vessel)ASLEIC—%, EDOTICUDHEZERA IS RREKEEIE(Coal feed
vessel) H_E FZJEEhTW3, o, K-A#HBAO. EORSHLHA. N MET
E23L50%>Tnd, CORRERBTENPLGREL LS.

RN RBBIIRGHRBIVCHOD 2B M 70y | HFAREXGFH S . RIGHT
HDFx —XyeViZid. KEHEPA-TEY . Fx—2GHLLAILZ. FRGHD7
ey FRHELTEHIATWS, Fy—DLNjUid, v BRNEETHELTWAS,

Fx—DHEHANL. 200CLTIRLTWS, 3LHEETHICE. Fv —HEAND2EDF

—Ry =B PYNEIEEINS, —RIL->7Fv -3, N2 ¥v UX-TES
DF v -4l ENDE ., Fr—F4 Q. Fr -DEEEHF/NIVWDHICA 8K
T—HRE% 5.

RIGSH EHOBICIR -7 RT— Y v 7ICH, MBEKE (AH X LEEEfDOESmMA)
BHb, MATL XM, BEGZEHLTWS LD, REEFH3ImI L0V,
RIGHICEBR SN I RARDOTHRIT. X T v b IA4 TOTHIETHAX 200CETRF—
ATHTD . ARBEDOEERI. W10mmBETHS,

CRTHEAEL LRIV PO -V -—LEZRFLL, BRI, XTIV Ea-F-20
yra- izl BERETTLRS, EEDLXIZ. TA (ARLV-F -2 A+BHIRE
SA)x397bfﬁ§.

HEEEDIHDWEIC20 0 AR FOEHAZHRLTWS,

B, 3~4ABBDEEZ T >LHBXD 2 HICBENH 1.

*¥ AT -—DREXZIVRIEBHY . 707 5LZBEEXEEL TS,

* RAVEDE-NVHRIZHOLDDRODSH ) . X —H —AXNEHIELDICEREHP
porz,
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hhs ABEEET->T. RACEEHRIZOEL T, REZTIIE. 1 0 HENDES
HEZRALZWLDZIETHS.

(2—5) B6C IcBIFsHKAAFTHRBROSEHIESR
(Dr.Lacey 14:30 ~15:00 )

Or. Lacevick 9. BGC/Lurgi 25 vy X7 (BGL) L RRAEH ALDFREZRICOWT
FHEAZEXRTz. |

199 0FRICENGHFRTZ LI TEHOL LIZ, 1 98 1 HELPBREAIITHEK

P SNGEBETS L WS BEERFED LN, LIHH. 19845, LB
RELHAAHPRRIN . NGERIIEETHSZ EHVHEAL. 199 1EEIZIE.
B G L (BGC/Lurgi Slagging)f R{L4F(cT. 70 baroSHEEEK 1TV, AHEPLPSSNG
BEDMREXERIT L LICh>TWE, 2. SHHKBTHicon 7O XDEFLITS .,
NGHRETZ2T30~4 0EDREEH Y . Hikth b SNGOBERHIL. T —a v/t
ZEWTUL, REBEDL S5 LDTHS., BGLARLFIZ. 2254 ¥ KREmMITICER
DEMEMBETLNTEY . 24 ZOHRICHEL 2 HAFTHE., TCIc. NGy
RNA Y RRBYA I M. THATED . BGLAbOMBTRESNS 2L 2L T
W3, ECTIE. AR ALEARE (160C) CHBkHHD . 1994%H,5 199 8%
EhT . EEHES IR TWE, Shicit. shell,Prenflow, BGL, Texaco 72 ¥ E 4
LT, Zon7ayx7 MHPECTREZLRTWT, FYyo—2:AR{ yo7rno
YxZ7bThbH. 250MWADIGCCHEEINTWT, BGLTIZ. —%% 3 Obar
THHETHS, REDFTII. 42%L%5.

BRATH AL . BGLIZKNR . ¥ L BWBTRAFEL 5%\, %, K%
<. BGLEIVENTEY . BERIAZSFRESINZDLBNTHSE. ARRUAER
50t./dD7 7 bOFEGHIFATWAS Y, EEOREFB LI LW, EDOE LMK
HTHs, TANK-FETIE. BENICTHAL AHFZ VN 43 TORRH ALY ERE
BRELLELTEWVI ZETRALTWAAESN . HLWH eH#icElk2#H->TE T
WARNT., BBIFEL TWADTIRL W,



(2—-6) BbhHE

ilh

MR S OB EARKH 2. SEOBEAENEELBANO—DTH 7%, H&.
BEELLELC. BMERL 5L ONADOTRRA WAL ES , 2o7F. #E . B HEMH
FAELTWREHNEDD 2BL R bOTII L -7z, HEEELT. RIGENOH
SOBR. A7 - ATy TEHT2ELFEEAES LBHLEN . HE DRI, %o
ehotz, :1‘?’—:'/%'11/17—1110)4)(—5/'#:\ K< AZLipoTe,

ATy FFTY FORREER . WRE b O %, ROWERCE BRI EE
LTV OHEREITH %, FRER . SREOF NN TP IRE< . [ick -
72 AT —NT yTBETHOALZ AN I TG, BIEZLWDTHAS5H,

1 0 BEOEEEES . TS BIERS - F 5 E5THEH. ROBEEHESELEN,
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% 3% 1EA Coal Research

=] B:11HA7H 183:30~16:30
HFHHR/EE  Mr.C.Maude, Head of Coal Utilization Group
Mr.D.Scott, Coal Utilization Group

Dr.N.M.Skorupska, Coal Utilization Group

MHWE. FROBAMTH AN - IV HLLPRETUSOY F VAER. —HOAR
TORTYx Oy F YEBEHERFHRL. BYDAZFIRFLVNTOF v I 0%
FIV. FRIKBIOARFAXNOEDN Y P =—2H 3 1 EA Coal ResearchTHHR
Uk

I EA Coal ResearchTli. I —F ¢« YT RABZHL TV a Y REBASHHEI H.
AEOMr. ). Trubshaw . $2F5EBROMr.C.Nathan . FRFIAEAN Y )L — 7 DRMr.C.Maude
BRILET N —-THRF - IR = AT N —T DM R.Davidson . BN -TOR
Miss.|.Smith. HBIRIBRDDr.G.Morrison FERBAOEEERUAHKFBENRI NV -TD
AIN-RUNEDO»>H@EU TV AERMXANBEREL2, BHIAR. SEOHAD
IEABBROY FYDRFLDOFHEUF LU TS hEATHED. BDT. ZOBEE
HTHERELLL,

COLETVavid. YBON—F 1« —JERXTCIThHh DT, ThEhDAEFAL
BAEBREVETELERTHIRERE T h. SIREXIThh LB TEINH DA VN - 2N
TEHLENRVL 6WITBET . FIOORTJTHEHRATH ok, SHOBREINL & EiE3
ARBEU. O AZELBHU 2.

£#ETWH. XSNEDODQ_REHN. NEDODRHH ATV =7 b RURKK
B ZILFABMROHWIZSLDVWTRENEVE., [EAfMSUI. chaTaved b
DOVTHOLBOLYNRFT h. FOKET MLOERT OV 27 b & UTOV BT (FHE
R) OFIRCO2VT. NEDORMODRBEUNRDOINSHE, COTOYxy |} PRIRHR
BRAOBLERLEET Y. RO TLHEFECEHOLED > TV 3 LOHNRERY
feo

$ T Mr.C.MaudeSHFEN RILEEY 4 7 LREBR AT S VLT ALFLEHS S
WILBIR T 238 REBRURTHIEIRSGRBRWERA Y PRDOVT. XTI ALFRHI
WZHF. OHPRFEWRNSHHELU Tk, ETORL Y b &I,

30



31

1. AROFTEHhOFE

1.1 FROBE. ERADIFE

1.2 A& ) IV OLIE

2. FROGBE

3. BtA

4. HERITADHBH

4.1 BEHRY -5 -

4.2 RO O F

5. E—=PINANZR

6. BEY1II

6.1 KFERHE
DEIRDBDTH oo UTREDHBOBAX S IXREELIET.

1. AROFHh DT
BEEXRAATELROFTh G LD ST REEHATE. BERBPRELK S h EHeE
PoTREFONZDJBDEX I > TV EABEFEAARE. F¥ Y2 (8N) PGSP
(330 DESIREBTRZRATH EDPSTRMD>THENEYSITEPRENFLO
@230 ~ Vb @50 ¥ (80 O& S RKBKBTRERAS EARED > THh
B354 TEBBY. FATORAREOREDESGVBENEhRRS LY. GEROH R
NDOEPRBRR S . ~RICHERMORV LRZFENOHBH ALEBH L.
TORFHYA, FIDKSWHKRRKATY XU TEXNTRERAL YA T L. 2D
HMOH AMFD & SREATREAL Y A TEBS 5. KORFEERIZLB0RPCO,
DREBOEVD S . —HRIABBHIEZACBLUEES S, UDUTTDL D IEBIEK
EHBRO_RERZAARIT 5 LEATHRBBERRY. SVAVTTDOTIVIR
A VRSZRHEROT S5V M. BRRBODTIEAEBHL TH 3.

2. {FEROHH

FEERRIBEDAITROH AP S RET S0, KOFa2-TTCHBALULTVEH. Z0H
HAELD22o09 4 THHY. PRENFLO (H1) D& 5 FOHEZDDHDHK
DF2-TTTETVWSEY4T&. GSP (B2) DLSRKDF 2 -TEMKL YHD
FRASTWT LYHEBHAIV. ZOREBEULU RBRKSEREY . L T2 FH



T394TTH3. YRAMEDHPBRIVIBEDAF - LAREYHTIENTEX. BEUX
HERTH Y. RIETTONS TOMHRLORELH Y. FoFwdbERT &, ¥
i€ VAR

3. BILH

EHRBIBE UTHBR/ AT -Ld. BRAZAF - AB—REITH 505 BELES
HAR. CORFEZERD ST IOREDENRIEAL. EROABHRHBERD
BELVELRS. UL, BUERDHE IGCCT IV MHRAB. HAY-EZ
BEELVRAYTL v —H o OMERROETRFIA LU TRER /T HT. FRICLE
RBENIDRLETT H DOEZREDIZE IV EGHIAY —DH ARSI ZZENTESR
». PASTHENGRBUEREND S5, 22T Ly ¥ -OaH. BER. £EHTADN
Y-, BELZEBUTeROMRESX 50, | Nlb 2l HTSE86%: 16%EWS
ERER/R, COUFRRGIBOBRRLIHUEREESU 2 ETH ZLFRKADIE
RODHITH B,

4. HERHT ADHH

H AP TERU EPVOHT XL FREHGVIRIAX RG> HATHB. D
FO. BBEVTOELIILY - OHMICHROHIILF -D>TVS, ZORED
BUITEIEGITHROT. HAY-EVRCBATL50OBRBENIRDIEI VDTS
A0, RIREAN AEE N L ERAILDEZFE L TORVWERRIES - TE. HROH A%
#EE (BRT120° C<CHV) FTHHADBERTIFTRILEND %,
E1@DPRENFLOHFAFD LERFBRBHBOHT A7 — 5 — (LIXUITHERR A
IF—EWINB) T BEAABFERERET. AFRFEDOHEESRIDY 1 THEDN 3,
DY 4T TIE FRMBERTF B ENTERVED. RERRBOPLIRETANAT
. BEOUVEE > RARRONFENY —F-BHAWohB, COmI A TOHAY ~5-D
MUY, LUYDBLITDSLTEETHY . NAOEE. HESK L Y mlRE
R REXOHOEAET ZLENS S,

X Yz VDI ZUFE (FA3) Ok S HAUUFHODH @bt KOBILEEL Y

RWEEE. HOORESSVE. H XY -5 -0ERETEILT 50ORHIET 578D,

HZFIEEBIC AR E N R ERT ADO—8BE I LY FH AL UTRUTP A HEELH 5.
Zhid. BPEONIEFRCTRTH Y. FEETKIEILL THS & S et~
TH %o



5. E-FNAINZR

IGCCRRAI B - IPNANRE HAY-EVEBHBURBRLTAF-AY-EIR
ITLBOENTH Y. T UTHAFLABEAHADOKN A TERHT AT -5 —H>D
BIEEEDAF — AODORDI ETHB. HIEHAN AKBL. CON AESFBETO
E— PNANRREORUEIETIRBITH B, ThIIBTWIZ LY XF - L2 Y.
ZRTAF-LY-EVREHURETZLXOURLVOEFEOH AR ZOEEN Y
—EJRAN. CCTEETZAVBVENBVEVSIBIREETVTWS, HAY-EY
ORERSHREAEALFZTENERZETBE. TOE— PNANRIE. HEKBEG
INE L U2 HHEE )32 EBNHRS EVS T LR,

6. EEYA1IL

REOHBK XS (PCF) HEORXEBHHIEEL. FGDEANT. 38~39%THh
208, 19955FI2II48%. 2000FIZIIS0%RFETLEVWSIRBUNBD 5. Uik
580~650° COEBABERRHUT. UDDRAF-LY-EY. BRXBBEATF-LY
4 7 VKON b & HEBUFIAOREIL EEY 1 L) kitohidroR
Ve 1992FRZHBASHKS>VORESHENTF I I-SI2H S,

chichkr3d &, BIEOD I GCCHE. PFBCHAEY A V7 LEBOHHRL NILL.
42~A3BEUDV TRV, REHARZOESY 1 7 LVEETUE. HEOHLNL
NILTB2HRETITF B LV D, COBEUNLORVDOUEBATHSY. [GCCLIE
DESWCUTPCFRPFBCIZHIU TV DBSEOZFBTH 5. 2hicld. H A%k
HHEORBEALORWBR. H RV -5 - OUBEZURDE LY. BAHKERED—
Bom LEa§EC 3 34 LA ORREBLETH 3.

PAEDS. Mr.C.MaudeDFBROBETH 5. Chlzxil. ARBMDOIBARERBEZ
Nl BT B HREROG RS AT 5 PRBENSh TRV &L 574, KR
HAFR IGCCTS Y M ket T 3 LTOIRFREERERDIINTIEY. 5%
NEDOBHADOTOY 7 P DTV LTRWRZBZF R -8,

I EA Coal Research®Mr.}.Trubshaw . Mr.C.Maude A TOE X AWEELRRKEIEX &
BKREDTRU. DOB/HEVEREZEAIE TS ORI ERZHNU. OOOBEERERT IRE
TH%,



@ PRENFLO gasifier with waste heat boiler.

Raw gas ind. fly ash The fly ash is recyded
to the gasifier.

Waste heat boiler

Defined conditions
(gas/fly ash) obtain here
for the waste heat boiler.

PRENFLO gasifier

Burner

X

'\‘:g\ j_ Slag (free f fly ash), 3 4

dumping dlass |
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Shell Coal Gasification Process (SCGP) Typical Flow Scheme \
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Parallel Outlooks or Complementary Destinies?
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REFINING COSTS ON THE INCREASE

e e e s
(8 Mt / year refinery)
INVESTMENT | TOTAL REFINING| OPERATIONAL
COST i REFNING COST
Billion $ $/bl $/bl
SIMPLE REFINERY 05 15 1
FIRST STEP CONVERSION 0.9 3 1.5
REFINERY @) ’
DEEP CONVERSION REFINERY (3 15 55 2.5
EXTRA - COSTS +0.2t0+05 +1t0+2 + 05t0+1
- PRODUCTS QUALITY
- ENVIRONMENT PROTECTION

6 1N3WnJ00

(1) FCC Type, with visbreaker
(2) FCC + Residu hydrocracker

(3) Including capital charges, excluding reflnery fuel consumption.
(4) Excluding capital charges and refinery tuel consumption.

STRUCTURAL EVOLUTION OF OIL DEMAND
WESTERN WORLD

Light products
(LPG, naphtha,

motor gasoline)

31%

Middle distillates

(Kerosene, jet fuels,

diesel/heating oil)

Heavy products

{Heavy fuel oil, bitumen,
lubes, coke)

46

32.5%

36%

(Weight %)

39-41%

IFP/ Economics Department/ 1990.
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THE WEIGHT OF LNG INVESTMENTS

T o
Vo =

project

- Capacity : 6to 8 Bcm LNG /year
+ Shipping distance : 3 000 to 4 000 miles

ST INIWMI0U

b1 IN3WNJ0Q

CAPITAL INVESTMENTS : Billion of $
- Liquefaction plant and loading facilities 1.5-2
- LNG tankers , 1 -1.5
5 to 7 tankers of 125 000 cm :
o Regasification terminal including storage 0.5-1
and unloading facilities
Total 3 -45
IFP - Economics Department - 1990
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THE LNG CHAIN
COSTS AND ECONOMIC VIABILITY OF NEW PROJECTS

- Gas at the inlet
of liquefaction plant

- Liquefaction cost

- LNG transportation cost
- Regasification cost

TOTAL

- Current international
gas prices (*)

- Japan
+ Western Europe
+ United States

Parameters

_L—Lw

o o
1

N w

MO

$/MMBTU
0.5-1.0 |[-Minimum netback for the
producer/exporter

- Importance of production and
pipelining costs prior to liquefaction

- Local factors : construction costs,
existing infrastructures

- Shipping distance

- Capacity of reception and storage,
local factors (safety constraints)

U INSWHITIOU

(after regasification for LNG)

{ Most representative border prices
Imports from Canada

(*)end 1989 - beginning 1990

44
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Fossil Fuel Reserves and Global Warming
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History of Global Warming Issues

1889

1872

1979
1588.6
1989.11

1990.8

1890.11

1892.6

Arrhenius suggested that the accumulation of atmospheric CO,
would cause global warming in the future.

The Roman Club published the report named "Thé Limits of Growth".

US National Academy of Science presented that the doubling of CO.
would raise the atmospheric temperature by 3 C.

Tronto Summit proposed to consider actively how to cope with

. global environmental issues.

Environmental ministerial meeting was held at Noordvejk, Netherland.
The stabilization of GHGs emissions was recognized.

The fourth IPCC meeting formulated the final report.

The second World Conference on Climate is being held at Geneva
to decide the stabilizaticn level of GHGs emissions.

UN Conference on Environment and Development will be held in Brasil
to conclude the framework convention for GHGs emissions.

/

199: Emissions (IPCC Report,1990)

[Scenario]

~= 2030 High
Emission (A)

-= 2060 Low
Emission (B)

- Control
Policies (C)

8- Accelerated
Policies (D)

(D)

0
1985

00

2000 2025 2050 2075 2100
Years



Major Fossil

Fuel

Reserves

(Unit:Billion bbls of 0il Equivalent)

Remaining Rec.Reserves (1983)(R) Production | R,/ P (Years)
(1988)

" Proved ()| Estimated | Total® (P ® /D1 D/
0il 310 470 1,380 21 43 65
N. Gas 610 880 1,490 11 56 137
Coal 6,860 2,260 9,120 16 431 574
(Bill.Ton) (1,340) (440) (1,780)
Total 8,380 3,610 11,990 — — —

[Remarks] Coal includes lignites,etc.
0il/Natural Gas; Study of JPDA , 1376
Coal ; World Energy Conference , 1989

[Source]

|Change of Ultimate Recoverable Reserves (Oil)"

[Billion bbls]
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(Trillion cf]

Change -of Ultimate Recoverable Reserves (Natural Gas)

16000 === === m e e R R EOEEEEEEEEE
R RARARREEEEEE
R 12000
e
< 100001
© 8000
r
v 6000
e
s 40001
7 R A
0 —4 t — t } } —
1955 1960 1965 1970 1975 - 1980 1985 199
Published Year
5
Calculated Atmospheric CO., Conc.
in Case All the Remaining Fossil Fuels are Burned Qut
(1) Present atmospheric condition
Amount of CO, in air = 2,592 Bill.ton
Amount of carbon = 707 Bill.ton CO0z conc. = 348 ppm --- A

(2) Amount of remaining recoverable fossil fuels ;

(3) @ €02 increase in case all the fossil carbon converted

@ Taking into account missing sinks of 45%, CO, residue in air ----

Reserves Conversion factor Amount of carbon
(Bill.bbls OE) to carbon (TC/TOE) (Bill. ton)
0i1 1,380 0.825 153.8
Natural Gas 1,490 0.578 116.3
Coal. 9,120 1.001 1,232.9
Heavyoil 140 1.994 37.7
Oilsand 180 1.994 48.5
Qilshale 80 1.994 21.5
Total 12,390 (1bb1s=0.135TCE) 1,610.7

(1610.7 / 706.8

) x 348 = 793 ppm

Y = X (1-0.45) = 436 ppm
® €0 concentration in the atmosphere

A+ Y = 348 + 436 = 784 ppm

(.< 800 ppm )

0



[Billion TOE] Lifecycle of Primary Fossil Fuels ]

147 ;"IPCC estimation
12 T ';s"
10l A High

Middle
1 Low \\\\> (Reserves include estimated recoverable)

8 -+
0il
A i reserv?s '\\\5\\\__
21
0
1

" 1
Natural gas reserves

Coal reserves To 2560

i

950 1986 2000 2050 2100 2150 2200
Years

Projections of Atmbspheric C02 Concentration

[ppm
800 T IPCC
700 + (ScenarioA)
600 T
500 + Case(l)
400 | TR e s Case(2)
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[Billion TUE] Lifecycle of Natural Gas Production
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A Viewpoint on Global Warming
from Fossil Fuel Reserves

(1) Any dispute on global warming problems without considering volume
and availability of fossil fuel reserves has no realistic meaning.

(2) IPCC report in August 1990, predicts the atmospheric conc. of CO:
in the year 2100 will rise up to 800 ppm.
While simple calculation indicates that this 800 ppm can be reached
only when all the remaining recoverable fossil fuels are used out.

(3) The consumption of fossil fuels can not grow along with the presumption
presently taken as global warming simulation basis,
due to the spontaneous constraints in availability and price rise
initiated by thinning down of fossil fules reserves. '

(4) The CO2 conc. in the year 2100 will fall in the range of 500-550 ppm,

even when no credit of CO, absorption-fixation countermeasures
is taken into account.

73

What Should Human—-being Try to Do?
While fatal increase of atmospheric CO, will not take place

(D Energy conservation and promotion of high efficiency energy utilization
- Precious petroleum and natural gas for noble usage

® Recognition of vital coal role
. Enormous reserves, stable supply and price, available technologies
in clean forms

(® Resolution for acid rain problems
Implementation of De-SOx Forest Maintain/increase
{ and De-NOx technologies @{ preservation @{ €0, fixation
Use of Tow sulfur fuels capacity

@ Promotion of nuclear energy (LWR) installation and utilization
® Acceleration of development for alternative and renewable energy

® R&D of CO, separation, fixation and utilization technologies
(D R&D of nuclear fusion technology

7



Japan's View Point
Present Status and Tasks for Future

(D Japan has already realized advanced energy utilization
through high efficiency combustion, De-SOx and De-NOx
technologies.

@ More advanced technology developments should be continued
with sufficient back-up of funding.

@ Transfer and make use of the fruits of technologies

promptly to other nations on global basis.

/8

Japanese Government's Response
To Global Warming Problem

Japan immediately starts to carry out feasible measures
with contributing to make the international framework,
while understanding that the global warming probiem will
severely impact on the fundamentals of human-1life.

1. "Action Program to Arrest
Global Warming®

The Council of Ministers for Global Environment Conservation
made a dicision to carry out this program in October,1990

(l) Objectives
to clarify the Government's policy and the whole image of
feasible measures.
to obtain the comprehension and cooperation of the nation
- to make clear the basic philosophy in contributing to make
the international framework

/6



(2) Targets for Greenhouse Effect Gases Emission Stabilization

@ COC:

Assuming that major deve]oped.countries will make an effort
for CO. emission stabilization,

- to stabilize the CO, emission per capita in the year 2000
at the approximate level of 1830

. to stabilize the total CO, emission in the year 2000
at the level of 1990, in the case of achieving
the development of innovative technologies

(@ Other Greenhouse Gases
. Methane;to maintain the emission at present leve]l

. QOthers ;to increase the emissions as less as possible

7

(3) Duration : 20 years from 1991 to 2010

(4) Countermeasures
a) Control of GHG emissions
- Promotion of energy and resources savings
- Introduction and propagation of low/non-C0, emitting
energy sources
- Emissions restraint of CH: and other GHGs
b) Preservation and adjustment for GHG absorption sources
c) Enhancement of scientific studies, observation and
superintendence for global warming mechanisms
d) Development and propagation of CO, fixation/utilization
technology
e) Propagation, enlightenment and so on
f) Promotion of international cooperation

/8
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Projection of Primary Energy Supply,Japan
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3 — 1. A#BKARA X (BF A ZLF)

DMT-FPH (RMIBTH5B-Fi) THRMNEDSNTE/OR., HX{HBIY
REFELE LT F - LEAVIRBBABNEGRA R TH D . ZOREREERIIX

D&BHTH B,
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RIS AT -7 B 1PHIDROBD TH %,

ARHHEE 15 t/h (360t/H)
EA 21 bar
RE 810 °C
Az (d ry, vol%)
H2 51. 5
(of0) 12. 3
coz2 24. 0
CHUY4 11. 8
H2 S 0. 3
N2 0. 5

2T, H2 £ C0O2 OEENBVDIR. FRTY 7 MRIGHEI > TWB9, £/
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Afeeding

coal
» 1 - 200 bar
feeding gas 550 — 900°C
- 0.1 — 1 kg coal/h
100, p 0.4 — 30 m Hy/h
q 3| : pyrolyzer
carrier gas 9 J L} o

Ha

char filter

cracker

product gases

Laaa Z ® condensation of liquids

C

liquid products .
BH— 9 : ke-27-I HEHEIS

Gasflammkohle Westerholt , 38% V.M. (maf) , 0.1-0.2 mm

hydropyrolysis coke oven
run 11 run 12

experimental parameters
H, —pressure bar 100 50
temperature °C 650 800
gas—residence time s 23.5 13.0

yields (wt.—%)
chor 41.1 41.4 76
qas 23.5 30.2 20
tar 25.3 23.0 4

from that BTX 1.9 7.1 1.0

H,0 5.9 5.0
balance loss 4.2 0.4

main fractions of tor (wt.—%)
light oil < 180°C 11.5 21.5 2
phenol oil 180-210-C 17.9 2.5 ' J
naphthalene oil 210-230-C 5.3 22.9 12
absorption oil  230-300-C 12.8 8.9 11
anthracene oil  300-370-C 7.6 15.1 22
pitch > 370°C 44.9 29.1 50
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U.K. tel:021-705-T581
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IEA Coal Research
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1) Relay R&D Nwes on the use of gas in Industry and Commerce June 1990
2) Monitor British Gas Research and Technology A Review of Achievements
3) British Gas 1990  Annual Report and Accounts

4) R & D Digest

5) Report The Development of BRITISH GAS Methanation Catalysts Processes
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1) Annual Report 89/90

2) Newsletter October 1990

3) Coal Gasification  Gasifier Design Considerations
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