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1 $ BRITISH GAS pic, Westfield Development Centre

1 liliAtc,

Westfield Development Centre 12, Edinburgh co4tJ‘j30V'f}V (50Km) cr> Fifi Kilio r) 

A-f. Westfield 12, Scot I andilto^EWxfft&WcAttig

IffufM hT', 1960%»>£, jmtfxem&Mrbtlhio C&">7i1974%i-COlII, SBSXlxSr

695LEtt^ U:„

I/6(%%#M^tzWestfield Development Centreii-ftDi Lfz. 1®MW'X(2, 1990% 11 

fl5B<9 09:45fcJi«L, %it. 10:00 frt±f1*>-&bi£lzM&Lfc. British Gas Pic BotM 

#2. KITtfSfiDtU:.

Westfield Development Centre:

Hr. Geoff Twizell, Work Manager

Hr. Haydn S. Davies, Manager R & D Project Westfield

Hr. D.F.Eales, Development Manager

Midland Reseach Station:

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

2. Westfield Development Centre 1M bCOfiEstl 

10:00 ~ 10:20 <0®, ffiMff) Mr.Geoff Twizell 2D.

Westfield -<M Hi, 1959%%f>1960%fcA»(tT^BEUc. Dry Ash lurgi C, SBWX

$ro< KC&o/l.

Westfield <r> LurgiHi, ZtiZ’ii 2.8 moSg^Dry Ash LURGI XfXfbFde^DfiEoT 

Wt, 0.33 xioV/d <D$$WX£25 barOffiiJT'ft&'fSISlireU:. 

cm. 3$A$SBSS$bU fiFS!$ft/i;<fX<2LPG(c2 DUSSft. 1 xioV/d mmxt® 

&l/0'2 U:. Westfield <r> LurgiT5>H2 1974 %i-CS»LTWiLtd?, filfctfxfc 

lT<9NGflt#§»ig$»v>jgC 0, mmdiUjCOUlziXiML. Westfield <m*)i,NGlz%

1974%8^f=, British Gas Pic 12. Westfield &%%%y?-hW>. Mi-, 

dland *>£> Westfield!:, CtoSm^by^-SrSL/c.

ffl&tyf-t&vXfr&cO&WWT'ni'j:? H2, X9 yfy 7 - iS 7.



u u T~ !fc
•fv <£ o

m V $g •R 0
u K G s •K

m # 5 uo .J
m 5 5 23 05

m(N

$

fc <r «g O JL y
T\ g g$ z \ 0 T\
& I EE- 0 K CA lh f ->
AJ vD w v-4 B N P AJ

G t)u -J # >9 • =3

y ,\ v~ m g m as >
r <> 8 3 m o -K

LO - S’ LO rs
u ih h—05 & 1 AJ *J >N

A) £ K a $2 A)
E u AJ G £>

% ^

B

*y % y m
-w ■Q G /J gr**> .3 U G <*3 *r
y *ht o K <n 'H
0 CQ -V 2 a K

»8 p , * 4V -V
AJ 49 o H X p
M y -H 2 -w sfe -V h
hh **-> u o p
/n 0 u y K K

K
2
oo o

!

A

!
y
'N?

w)

.J
■M

*J
1

K-V
i

JO
CDO
H

U

X) h—t CQ itu a>
p X E= ft ih m& h AJ S K LU

i j u 0 X) X UU
o o Q BE *? rH D
CQ CQ *5? AJ 0! 1 cJaz

*2 «> a m cn

t**W

&

xy
 -y

df
yy

/W
^F

<O
t8

S1
10

1 t
yc
tf
fl
fc
, 

WK
Fc

oE
Hf

ck
m^

)*
*0

fc
&S

 •



Xi— Afl>:§&&ffl(DTuyere£(®;t-0'4^\ TuyereoSKtiTX V 8

temngfcM:S«S:)5ffl L. t /;®eti8L. 4jMx

<O^^KE(clStciPiJfflili5R6lll$®iymgit,}S*»5fLTV'4-f.

FIG. 1. THE BGL SLAGGING GASIFIER
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$$Ltcmmm'nait*-vtttc-^x^tLtz. ttz. 

jsmmimam■ mMLxm(voi)jt 

£6~8k, L*. Z<7)i%Bm^£nX, «EK®jjr|@JSn

Xy•v^>7MV^mv'W3mS.nfix\m (xf—A/##= l. 2) &, Tuyere*^*# 

jhAXi?mmi®M2 0 0 0C4T'±lf, CWcj: OFJggtoXi

tmnmm, $$14£»a, saatt, *§-u?

-r. $,&*(=. m^sta-ea-ct.

X7 y*yy>M*fF?)ft8mm±tiXiVF£t?ikLXW<Jz£ 3Tt. FigWHdiiSiJU: 
Xy? (it* 2.4 g/cni3) AWoTtiO. A±lzi?S±A:ot, TuyereA^AXfx^

mkStoatc<k 9 Xfx4b5ii5 -$■ a Tt„ Lfcji'ot, timSft-SX 7XldiSt*7b{tI k X, 20, < i

fuf, i6S®6¥fi99%GLtic^ 930. tFimbHzlixyfk5m@$raHt6/h§5r$BW7'9 ■/ 

yisciDmSiliW, fEK^h.^W^mru•/yAmjW<a«sA'1iLv^a-C't. 

TuyereA‘(,ti*VfOA@a (50m/s titiPkAHISctid^TgzO) TOxMWRSiMfi. Frt

c s tia to. l4-t, mcmmt

XF-tmxTA&f arf. m&X77<7)\"<jUi'J,'Licx>±MLti-tf, XyytfflXtt (1 
«f®K3@eS) Cft^aiL. UOl'i:gitofcny h □ -/PLT F.

UStfutfxttrti, Fl*lA5gya$:»S^S^X(7)SEA.'*^<^6kA'x{OTA4i>:SE(t4jM 

XA-S$rSSL, »ZdP*^A4r-v 9*-A-A$«LT, 3WWWkL$T. #RA/WI/fFTU,

L* Lfob\ flOT5%*{EEfcffll®5h.SAIi, ;WMfFA&6 

T&9^LX:. x? 7 j?yX^vl/jfFt'(»aKO<t a iz. xf—A/1K*lt*v|'3<. AMxf-A

AfiM^a*‘LT 6mm*ti.TA®>MSrF]IA1<>zS^#6^1-6lieA6s^%ltoi-b^5n,

(mi0%, HiS^Tti35%A;B^Tf£k® 9*U:„ 1 %mo?-e-a-c

mf)SA 6 * * aT<?mm r U a- v M:L7#&F6^A«c, f^SrTuyereA^tfxttflJk*
KiRsatj-isEt,fi4)hx:^a-c*r. cA#^usmimx9 u -^sss-mv^mmamariuye

a?0. &*;30%±T#&tm*fA<. *X9 V --e#&f&imiixf-AA-a 

iwmfhfrtc.uz%*), nxirn - xi-wmmirm, KKHmmAmnf&f a to.
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TUTuyere*'Wf-/^:t4A'&^iR#aA. ztilzi *) 

XtvmtbktitcbOtgMti-.

4-@ES5iLtiE»XfX^b<0)$a^ai. atcSLif.

Table 1 Typical Clean Fuel Gas Analysis

H 2 31.5 Vol%

CO 57.3 '/

C02 2.2 *

+H.C. 6.7

N z 2.3

IIIIV 365 BTU/SCT(13.GHJ/H3)

TABLE 2
Results from the 500 tpd Slagging Gasifier

Markham Main Singles Markham Main Power Station Fuel + briquettes
Pittsburgh No. 8 Pittsburgh No. 8+ slurry

Proximate Analysis, % wtMoisture 9.5 10.9 6.5 ‘ 7.6Volatile Matter 32.3 28.3 34.1 32.7Fixed Carbon 54.7 46.9 46.5 46.8Ash 3.5 13.9 12.9 12.9
wt % fines in graded coal 6 10 12 30wt % fines as briquettes 0 50 0 0wt % fines as slurry 0 0 0 28wt % total fines to gasifier 6 55 12 50
Steam/Oxygen Ratio, v/v 1.21 1.09 1.20 0.61
Gasifier Outlet .Temperature, eC 418 284 430 404
Gas Composition, % v/vCH4 6.6 6.8 7.0 5.2CO 58.7 56.5 57.2 55.6H2 27.7 26.6 27.8 29.7C02 2.4 6.0 4.0 5.3N2 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

^2?K>, 7y^*y (Markham Main) Ud^jMx4,60Cq//iix.TXfXtUa^



mmTY&Ch. Xy'J-im&tht (Pittsburgh NO 8)BS?fi*a»$i|flIlLT, Xf-AMS 

lAWl. 4jMx<t>x ^yiSgawm.C 

x5 m^x/^misx'h9. %m:<¥±Lxi)'t>W£th

5 -ct.

Table 3

mm +18 JUH8

1^® 16B$8

Win (Tuyere) $ % N NiSl®

EE^J ( p s i) 300 300 0—3 0 0

mjmtztwim 305hvv5rv^ 30S® sm

3-2 XfXO)ttStiJ:tXH I C OMTn-bXCot vC 

Hr. Haydn S. Davies J: 9TEE‘!8$:Stt6„

1 xvfm/'i a-y b • Tyyy-Zft-yTMkLtz,

ism-m^mzaxbm^. m\ ss-tercM, *>

ok3Xb(7>$V^(7)S:|$LTVS„ -oti-bV^V'-vb, td—5(±rU'/-;b-CS^LTV->|>„ 

k'ii»$f|u*\ *y2$^Uai"Ctv5rVx

H I COMTD-bXii. ^Efc/jXitTa-tXfrCiCVfiXiSNGlzm&thfztblzmftZhJ-zM 

r, WKBGLX5-y^y^ • #X(|^a>£<MX(ceEfl;S;h.T VS. KOEtBA''mtCiez 9,

CO + 3H2 =CH^ + Hp Xf

co +h2o =co2 + h2 *tt*'x(bsjs

Ev>, £ti«9K£k LT.

4CO +2H20 =01^ + 3C02

ia@Lk#<9n y b n -Mzim&WtZ.



coal
steam

oxygen

carbon
slag sulphur dioxide

tar/oil

phenols
salt cake

gas
cooling HICOM

carbon
dioxide
removal

gas
purification

water
treatment

gasification

water

FIG. 2 THE SLAGGING GASIFIER - HICOM PROCESS ROUTE

saturator primary methanatora secondary methanatora desaturator
No. 1 No. 2

steam

product gas

to CO 2 removal

recycle
compressor

HO. 3 BASIC HICOM PROCESS FLOW DIAGRAM



25^iatcsl). British Gas aiMX-^SNCAztUztbO)

ffiaxf—A'J7^-Sy^fflN i®@IEcOIif6Sr^ittrcv't-r. '&-. British Gas mmLtz.

CRG-FIW*1. *?*-'>3 yxgnhS'tcSvGreat Plains ay 

SNG7"5y FTSHISivC V y£i\

^yY-imiimx *) □ b g Ltfxwm-m

h2 27 Vol%

CO 59 *

C02 2 *

CH„ 7 "

1 ♦

oy'-/F

British Gas Tti. Dry Ash Lurgi tfxft'jpfrt>ay#xX'. 1974$(:SNGgrfM^. zaMti,

uxi-Y-iu - T7>hfrb<otfxwz%£ix&^zw-?tcmiikGW)%mx',

? *), sfjfijV^v w:

A 'JS'tlxiim k*59 X"i\

TABLE 4
Typical Gas Compositions for Gas from Illinois Coal

Inlet Gas After 1st Methanator After 2nd Methanator
Gas Composition,% v/v

H2 30.3 6.6 2.4N2 4.2 5.1 5.4CH4 6.1 36.5 39.3CO 57.5 .8 0.1C02 1.9 51.0 52.8

HlcoM7’n-kX0)T:e>xhy-'>3y ■ TyyHt, 1033 nysicoSlK^fvi, xay

yy^yxiux'hO, fl.oSEiyWtWSiSEL*L£.

10



4

800 r

471 hours 
650 hours 
837 hours

*• 250

Distance down bed, m

FIG. 4. TYPICAL TEMPERATURE PROFILES IN THE HICOM REACTOR

hicomo'jt?:?—tii.

I805E-C. i'*--7<VWztmiy£ML, mWZimX'mWtsf'iTX't.

mdiii®@BE*$:86Effljremv x ■)ailsu&yxi*. %

j®k|a|LiSElCtoaiSitir. t, *?>cO-'mWLl±X<tct,cr>T', Z.<D

®S&E3^$r#i-itra-kx• 70-ti, TW)iohz^:*)ii-.

MSS4Ni<-XcOffijgW-CC R G - F Ti\ -iXEtBISCitlinmi 650C £X'M$z*Sti£X~t,

saturator adiabatic secondary ateam

FIG. $ SIMPLIFIED FLOW DIAGRAM OF ADVANCED HICOM SCHEME

11
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4-1 tfxmwmn.

Ltzmwr>Mz.$AX'iL'>x\,•>&.
, l x«h3/d ^iAMo-y h - 75 yHcffliSSrV jlgit^iut.

BGLXfxitF»m*ti^^eai*6j: mmyxmmsm&mif.

Sg&iofc&yo^.

M.emttf£<7)3m£ti'' vtwmztsrt-b^tz.

S$£7)0r, -tru^'/-;n5^raS0A:7»*z7;. L»>L. tteSKj 

7fijW!i*7;iBA"t'U^rUkcoC

4-2

E6ti, p*$r$rx x /-tmm&mmffiizm. 'A^xry^-T^an^. 

wm-iSttEsea^l&vve. m%mm%m.t,zMi, ltus.

iESScoxyyyyii, xa°x7/p- xvxvyffyg&imymtfXgtdfi, f-^-y- xxy
xyyi/ytotfm>x-ii-tcZ, m^ZLh\mWc^->td)\ fi- 

y^x yoxyyt/>%#(m#m&*L7w&. #

to%5k*IKLTV*.

4-3 HICOMUfflO/^D'yl-fXHS 

Sl£?StiRSl 1/2"(7)t,<7)$rEfflLTv^. v '•T, SK<o$lL

•eKSim*{j:<*)»‘SJ:7t=»->rv^. T-xii-r^rnyt’i-x-stcm^^iLTfcO. m 

^4mtC^roTl'6.

'it:,

h i coM%:wwa y h • y^yHi. b g L»'xibyxy KoiWifiCEisixMm&&'n 

'ltd?, mamjmz'&JLt&X’, 6X?flEk:®£Sit*:Eil. Sto$lt^50mA(a2:O|yiiy:lt 

jWSoTvxfc.

4-4 BGUyxlfcF

2$7)^x^r7yh$rJl¥L±LtA\ -e<0j*,») 1 (11A3EXX



-Ho*). barjuEM^ax', m-1mt<nz.

bx-Ltz, zegmi. ou^-l/m-c. 200 t/d, //xiled; 70

Kg/cnfg.ipoSSti 220 ft &6A.

yv jr-y h^20%ii^Utyi6LTV*L^. te&L<OMXDU -y 7* -yV 
fM». X7 ill ^ k A!T'S, Ritt'tWUc.

□ •y^dvy/t-li. KfrmzmiLXm. 10<9&0i®i4tT. FlWH’-y-V-fctK&S 

fij-r. Lw^mu-o>*uz. a-,?*•yn-uts&tixxim.ittv.

Eli*7/<-l*I<7y±fiV/X£ElUZ-tir^'. h^JfflLTffCCt'4J; 3Tt. 

ff-yf-imms tT5m@rnxmfK2:#K, *#2ota#L. -%icmo

fEifc^-ycv'41-. ff-yf-, m«kt>*?&L$i>'.

^i3Tf. EfxWiffiSflli. f-v-iy>-$r<7)-ev'"09201, 1 »$iaf. EBBli

15 cm/mi n. TtPl*|$rmrS f 3 T~T.

Tuyereli V yy^E'fftco^c*11), RMti;:4*I§lil5$ftT v >i U;. -E-oeCFtcgHSnWl' 

VAX ?&$>*). X^ffMfWmzWSSfmA'b^.bixhXo^-yX^t-t. ZcoSMtVMJI 

mo psifcftSk. 3'-yy*-yK0TS$r/<-y-Tj'KSiLTX7y$:ST5-ti:i-r. -e<9E<9ffi& 

SfLSr^H— hTlilHflSh.* Ui. vT*-/W4E$:TUtiErC.M U:. ifc, ;K

mixXiXyftfa ><T-XWtiZtx.hm-bfL¥X'£ i Uz. 

fmtvmfGV- v<nm.<x>ummw?'>xv ^vk<nx. tvt. EsyaMSw.*, fxfxw- 

-V y* u yywmc^t 'kock Tt. 4^xco«M!j#xfb*pmffi$^$$^RP* LT 

tfiximbii-//, mmx<wmm£mum%.tx^zknzkxtx *m#ximw'cx 

pzxT&wzm^iso'cr^x^ammicmwi. ^yy-zuiFy/igiitefii-t. ±jm

XWmrTrlcIMiSMzlSi *)fl#JTlXifflftcoy-v7 VAizyt-iXii*), ®nm-iX^ZZ.

kSftSotv»±Lfc. *(*lEtci~204AT)ltyBbT®mLTV'SkcO^k-C,

¥hh kAbix.it,

BGLtfxftiFli, aBSd*fciKi-yt^6A\ rtStifSBA^SJSvtv^, sm%trkU@# 

•C, ^E<OXfxfbtPkV'3J;0. fblQDS^ X-y$-SbS-e5J: 3-CA-y/c.

rzy hn-zi. • 2£li, a$£*Jfll/Cti9, --'ft&#s5rf8fc*‘U:. flfU

SEEK. SSlcPM^X2^g-®jiiik5sZ)$fe3HtLT$1 *7. V'2\ k^lKfcDflmt.O



4-5 Iil?«

1 mtfcmwgmkw&A'xmsmizA'A, lx

BGL6^5E41-&»X*\ -e<OSJS*<KV'm*^, 

itoffiSib, M&ffl^\t*^zmtth&W)^tzUzWi!3®Zixrzi><ntiS.3. iSMryy 

bjmti,%±e>tihimzftr>TiTimLz\l'>h<m, sng

w&mwz. m!mx%hmxfmkru^xb lzu, i/7f-v-/n.»*u. tmitz.

mm. mmtx<tfL'>z

2 mfcmmmmmmzfrA, lx

tiwi*l^ut. mmc*4fc^ 4 <no-cnamr. x^ji^’omtrhyx^i,

3 BGL;<fXttiF(C>X,LT

JEfiCtfSMcfm&t:, A^Wotfc1), AW>»>fi>-E,7"7yhkV'5ENE^Sf-te. 4*, 

JpmStT^toSAS VWC, ^XtoE^iTEO^rtSco-e, ffifflBMK4 ^TIi|S81tc»6 i: 

S3.

4 -e<offc

XfX09dtifSISkVH>. gtlA'SiEBGLiSfilk^u, EtSHkSSEgfflOET'. m>Mdm

hmm,fifzb'}<1t<-h'Lttz. b'i^oT-W^i®S*%dilTV\tm\



2 S BRITISH GAS pic, Midlands Research Station

(2-1) ti ttblz - -

BGC<7)Hidlands Research Station (jjIT piR S ) Ei, A- S y* 

¥}8X'f/HtfiZ:. HIM^O^ULV'Solihullfc^^. fiH^Westfield tzisttSBGC/ 

Lurgi Xy »/%>'XifXtt.tiim&X<nBt&m'<'%X'Zmz. PHEBO-ff 1 2«(±, 

189^(1990 11/6) t:*T/l^$ra5%L. BGC/OSAKA Gas ^5M*^X-fLrn-feX£ffi% 

LXVSMRS-'x 1=1 MRSX'ti. 5#XfXlk^M</)#E#X'&&Dr. Lacey&rEib

A k -th aT<0 5 l SrSft. K3%ES</>EBfl h |$ES®<9S^*5 J: tXEESrfr-y

tz.

Dr. J. A. Lacey 

Dr. R. L. Ensel I 

Hr. P.A. Borill 

Hr. C. Hodrean 

Dr. H. Atkinson

Director

Manager ,Process Development Division 

Assistant Manager,Process Development Division 

Assistant Manager,Process Development Division 

Principal Engineer,Process Development Division

Dr. Ensel I (c J: Mr. Borill t,z£&®tSm%mft

mm ■ Wm<r>m.mVinbixtz. -e<9f£. Dr.Atkinson (cJ:6ro<7)n-;Ph'tr)VWM<X> 

E$EB @H57ifjL-/tJ:l/fXUt

■i 7i\,mW>) AA izrtixlX'fibtL^ 4/c, ^■fk‘05 t/dA-T o-y YXyV YX<0 

imttB. yM:ov\XEB&S(fA. ZAKSES: ottX.

EffiS^tTjBeiaSr-C.vE'ti. < H,^(r>i^l,z»X-^mmW*<'ffbtitz. 5 t/dAT □ -y

BGC Kf#£§ttfc££§:6U,X\ Mr.Hodrean tcj:

■E.5R*$XfX-(brn-t:X<97'D-bxX4r-/xC9ESEafl, Dr. Laceyti■?>

BGC/Lurgi Xy ■y*>XtfXit7n-kXt-$lt)tz^'{£<?>ffl3tcomm' HEDO Z jUtiC J:-5 

HED0c9ffi»i«jJtc9EBX\ f%4»e^L#(:MRSKim^B#^#X. *T/I/N(n

^ 4 £ UbX. BGC±E</) a-f -< KtiiffiL. £13 

St^ax. 4o*,fc-g*#71 tz.



(2-2) BGC pic

(BGC pic A Review of Achievements 1989/90, MONITORJ: 9 )

(a) itttES
80 (S^y H

10.5 idtyK

ikmnmm 19 5 StfyK

7. 47 «4?y H

#30 SdfyK

87TA 1 7 . 7@7jA

( b ) 0f%@f<OES

BGC pic (02-1) . MRS®I5f

Brl±, -ew—StLv'>E3£I9WLoughboroughCBE't’T'. ]993^C^f^km 

ZkZ'$>&.

♦ Midlands Research Station (Solihull,West Midlands)

zMmtixn&mzmthmvtwm..

& *d> k

♦ Matson House Research StationUondon)

mSffl *'x (Offiffl KM-f S

♦ London Research Station(London)

tfx, 5f4;uosi^gf%s%.

♦ Engineering Research Station(Newcastle upon Tyne)

tfx • A<7)«EES. A'xBil • EEKSBr-Bxyy'xTU y^<ogf%

BGC pic <O4-o<ogf3£0rt'E%S%t;EWLTv>5<^(i. %l 7 0 OAT, %<no*>

6. ¥I3<7)@%S%<7)^SU. 7 5 mi 11 iomKy Y (*519 0®
PDt'£l>.



' Westfield Development Cent: 
Development and demonstration 
coai gasification on a commercial scale!

-- i *-•=*

v i

t-v ' '-1 : * ' . 7
———————— W#

•V - ’■ :

Watson House Research Station 
Use of gas in the home _ .<■ .■

JHE
R&D Y/JY//////S

LOCATIONS

H2- 1

jgm K:r'~"

Midlands Research Station 
Large-scale use of gas, safety studies, 
coal gasification and chemical 
technology

■: London Research Station 
Corporate support for exploration, gas 
production and use, and environmental
matters/. • 17



( 2 - 3 ) BGC/OSAKA GAS E^*$XfX-ffcrn-feXX>|l%g$8fc J:VES

(Hr. Borri I,Dr. Atkinson 10:00~12:15)

(a) mftoim

BGCkAEXfXii. *W>60SliaKX■£SNG£S8irttJUnYT

9 83^K^7L<:. -ex>S. 1 9 84^<t 9 BGCii.
*&tfxfl:X)il%gf£$:gg$6LX:.

1 9 8 6¥tCBGCfc*E»'Xtt. KJE$rt(ch'77 b7-^-7$rEltyi, XfXO|*jS$ 

SSS#$k-#--E.EBEaSJGS (HRS Coal Hydrogenator)fc<k £:EBd<SsXfxTti£{#X>Sl 

%tc£SL. 1988¥10flK®-7x-X ( 9mi 11 ion dfyM) JiMtSTU.

s-7x-xtii. RK#m#E^x)#E, nmfflwuuyYT?>bset:<tsee

g$tt<9^lf$rBtok LTffMtX:. *BBl§%ti. II7x-X

(4. Smillion *ryK) KAO. RJSIg<9*^0Set=M't&(i®tt$r«iE1-SltBZi1 

E»#lX:. 5 t/dr^ny hT5y N9Smx>X:4t>X)Elh l!f££ 1 9 9 O^&fcSgT 

LX:. 1 9 9 0¥1 1 lti 2 1 B»>X> 1 0 BBXiiSEjeeS:

(b) 5rn*mXfx<bK#<9Eg
SNGLT. 02-2oSrH-oX)^- Y»>'#£Gil

5. 5K$r02 /Hz OTSg£XLXfLL. CO. H2 XfXfc LX:®. XXd--ya7»X 
f7XJgtCH4 (PATH-1) k. 5*(=*#Hz SrRjCS-frCH.
L. RJEXfXX>H2 tif-y-XTOz /H2 OX/XTLTK@f 6;b- b (PATH-2) T&&. 
5^X)eig*EfcJ:6CH4 »it(PATH-2)«ML ^»X)5k£ XfxTL"T6SlMifittv'G 
k*'L. 02 <tih6.

2C0+2H2
(PATH-1)

2H2+C+C02
(EtiH-2)-..

l.V/0 V/0 •;,.
2C+H20 CH4+C02

02-2 SNG FROM COAL

18



HRS COAL HYDROGENATOR (02-3. 02-4) ti, EJESSrtfc: Kx 7 h-f-
ttr. hrs coal hydrogenator «,

E^^yx/L—<OEfiS#tdt®Lr. EEtiKiESXz'xi;EEH2 v»'x<7)B3ci665EfS 
^rtamrMisyitfx eaxtroz axn^mzifcgfc-t-r,

LT. Ha KE*'x<7)^ESr®/h®(c«ixbti

&zk. *b£*'x<oeeie^s s c k, mm*. **&*&*s-e#6.:8. x7- 

;P7 V rttcoav^ k & k'^'Sx <3 jtT V'6.

product gas

char catch

02-3

COAL H2 COAL H2

CONVENSIONAL 
TYPE REACTOR 
02-4 RE$<7)E1K$

ZV •/ KinBfcJ:t/Kn-yr7.*-7RESs£fflv>fc'Ma#$o56@rt\ E

EE^ft (fflE. E*. Hz ZSmfc&if) <0*Eatc&E-f5ii£.

HRS COAL HYDROGENATOR loWiam^ftT

(3-iTPtf^) tfEffS#!. 1 9 8 6*P»>t> 1 9 8 7 ittz-hmxWfttf'ftbixfz. 

a-zEKtr/KO-ott. EJESrt^^'XESPilSr^EJtftrotwCifi9, (&<0—3(1 
5«T7y'i2 7 - )S&<9;5fXZfa7<9ii£2i6®J&A6tyxOt<7)T&6.

#X##Otf;l/tL vMo-y hZxy h ( 5 tZd ) SrZS jlP-b-fE7/P



bantTcommtf*imk%r,x 

M/--9--8iFk LTii. #SK*7-7X^:Vern!cu! ite (200-300kg/ei3)»>\ f-v 

-er,mmL^-tLxm^(>tirz. ®l5£JS@fcL-C(±. XfxSSifc(GRR) . KfcSfi**.

sfflRitas. zx-hh. S2-iKSi$e$<o

—y9$rS"5". F57hta-/S, K5 y — Xh. 4 > Zx 9 9 ~ HSlBiiSL -ivi/x. 

^ j'-XfxSS. &TS<9GR RK&S-r^S*5*)*^.
^ 2 1 ! Physical Model : Effect of various

parameters on Gas Recirculation Ratio
Mean particle Injector Draught tube- Draught tube Gas 
size

460
30
30
30
30
30
30
30
30
30

A yyx^^-gRt'<7)»'xZS^<7)S^*|ii(i. >U n-y Yry'yYXX-ivnA >:J

tzZlft^frX'tibixtz. mmii. SSUC-fcO.

TT'tft>h.. HU—LTii. FCCISjl (5Mf«MW)

£<<7M >'Jx9 9-A{H®fctih'Gh.. 02-5\,ziix/<7)xn-rc^-ycoAE

yHn-y HTyy h«T-f4 yKSetSh.*:.

Ho<9 n - ;l/ K tTti. 1 0 #mn&<r> t'r:* tz J: •) $m<ff *>h.

fz.

nozzle
bore

injector
spacing-

diameter Recirculation
ratio

B 3L D . 9.2
B 3L D 8.9
B L D • 7.3
B 3L 1.25D 6.0
B L 1.25D 4.6

1.4B L 1.250 4.0
1.4B 3L 0 6.7
1.4B L D 5.4

2B L 1.250 2.9
2B L 0 3.5

draught tube

02-5

20



5 t /&<F»M U'y bTyyh (H2~6) 1 9 8 7 1 9 8 8¥tC*>

tfX'fsbfltz ( PHASE-1)» U y \''?y>VX'\±^

0 0 CTC. E7J6 2bar x 2 0 Okg/IL

6 7 0 Nm3/H CO&ftX'M&X'Z h o

^ 4, ft. ^

N2 ££ vV 9 -\zmk^lxh. 5W4. #

mET'X^-AtcJ: '9z?mZti&<> RJ&fST'£l£L*:?^-{i. Char

catch)T#m$fi. Au&#xtL H^Tk&SlT'?7xyf$ii^#

Hanvers x Pittsburgh NO.8 x Illinois NO.6 x Loyyang X'foh*

t&E 840-1000 °C. E^J 42-62bar „ H2 /coalit 0.17-0.61 kg/kg(daf) 

10-36sec „ X7%##jt(GRR) 3.5-12 vol/vol T&&.

2tc#f

productc*«

water/
aromatics

discharge

® 2 — 6 COAL HYDROGENATION PILOT PLANT FLOW DIAGRAM 
(highly almpDIled)

^ 2 — 2 ’ Typical Results from Coal Hydrogenation Pilot Plant 
Operating pressure 62 bar
Coal Hanvers Pittsburgh 8 Loyyang
Temperature, °C 955 962 867 865 872 876
Hj/coal ratip, v/v 0.2 0.6 0.4 0.4 0.4 0.4
Gas residence time, seconds 15 15 35 12 11 11
X carbon conversion to:
Methane 32.3 44.4 32.8 27.0 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



hSE&£mmt^EXTENDED PILOT PLANT TEST(PHASE-2)

nwrmifiifiZti. 3LWj:mm&mz^TWiw$:%wtz* zw&mizx o i o Bmwmm

PHASE-1

1985 1986 1987 1988

PHASE-2

1989 1990

####

* GBtn&teJk............. 30 t n & X tXUSSS^Sr^

............. mG32§Ta%T#f ^

J: 0 0°CIZlT^ai) . f & J: n

aisib±# aco##&

* ijx^mJk...... 2 sim ? o y & j;
y nyfflov y^yy^-yx-rAcoSnE

\M n >y b7°y y h 70-1:12-7 hz^'t,
coal hydrogen

downstream
processing

cyclones

product gas 
cooling

/S lock 
E',"n hoppers

^ ^____I nitrogentransport
gas

char
discharge
hoppers

char
disposal

[M 2 — 7 MODIFICATIONS TO COAL HYDROGENATION PILOT PLANT FOR CONTINUOUS OPERATION
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(c) Xn-bxESi (Mr. Hod ream 14:00 —14:30) 

5^*B#x{krn-fcx<9yn-fexxdr-A (02-8)

*#(=# 5 #E#meWT(=$T.

**S»'X-(bFS^<OSS3X Hi. A*#l 0%tilTT'$>5„

* p S H2 0JR$rJt®L7t*»\ BESti 1 0%< A> n

~>tz.

£0K't'E>.2i:(cou-mE3:V);8o-O'&.

* *#Xi X (km^ A, X f f - & T(0E#^li 1 0 bar X'hh.

*^-j?-<nfixikSPk LTii. Shell ^Krupp-Koppers A*. Mz.tf#xA>h.J;5. 

*rn-bx<0g8rtttcti. H2 ZCOAUfccoB#*4*# VX

**BR62§A□ T'<7)*$iiE(i. E8F14#I8LT6A5. 

H2 zEJ$£±lf.6J: 9. EEff*S:±lfS($ j»1EStt(cr7X-#-'B»»t) Lii&u.

export •teem oxygon slag HCI H2S C02 HjO

® 2 — 8 • COAL HYDROGENATION PROCESS SCHEME

COj



(d) r@e§

[R] 6US3s<OBfh MHZ. RtbSI&k K57

[g] KiSSsogti. i(Myf"C&.£„ Kyyhgfco^rti.
*5.

[R] EESrt«$»'x<7)$Sti, Hcr><t>\,'fr.

[#] iibSOtioSOkttSi.^V*1'. H^-H/sCf.ur&.S.

[R] ^ayrnmmi.

rocoiM ^□yr-f-^-«-iB$-ffr>rvs»<. —o-c+tf&gjgoti-^ttiES: 
#T V'S.

[R] fk'<oj: iKSisun-^to*1.
[@] rE©®SSX'aorv'6„

[R] iaffSSS^SXfc^ttm. frtc9BE/t'kS5¥E5*>„

[@] dri->J^-»'Xj:LTti. #&. N2 Srffli-X n^D»&i6@#@mT#mLX^ 
&. 1 Ommgwurt. -*<W yy'i^^-{;5 t/dSrj*Dii/CT'V->T
rasii^rt'.

[R] ffiSSKX'ti. x/Pf-f yy'x^^-£«ffl'ri.c:i;C^5i;S.'5*v 'fyy'x

[#] E**1R+*<^"7yi/^-^ yy'x^-tc&Sy'pt, Lti&u.

[R] 3-7-yA-yVXjr -yl^ry x tA coBINi. SST'<i^v>i:g.5»$. 
[#] x^r-yPT-yrti. ffUI^@mkli#xXV^v%

[R] f-v-^iti^y-y^^Xti. RR±, ML&m



[g] ff2 0 0*CtiTfc^aSiffllLT^2>.

[«] /zmwtttt, zo%itzc>£^ti'.

[g] RE^rtT-ti, 1. 5~2. 0 (weight/weight) < f,Uk#x<b*l£>.

[ft] 37-i/t/U^-;K'it.

[§] SSLycaeiRzHTti. f#H2 <0igST'3y bn -/p-cS 5. x7- h

7 yX#ATU. 02 yyx?i-3 yA^^kS-i^h-S.

[ft] H2 /fimtkli. 6mru.

W [@] 7D-feX(7)g8rt$fc:J:S.

[ft] H2 cTJfcfiJgti, k"o*\

[g] h2 wttjstt, Rjsc^y-r-f^/p-cji*^. k'<o«*£»«-rs>wau mm&

CiS. tikta. 9 4%iB6<7)*$k;K

[ft] XzxSSOSJS'N^BSli. k'<9< XrkxtiTCH, m##k*\

[g] t3kX,k'&u.

[@] aN o-y b7yy b<9|S]@.!5ti. ST'ibotjS*.
^ [#] h2 <7)inSi8Sfc^^Ra»{*->£»5. A%k(4. takAk'ISIEti&ti^/.:.

ittc. EJ6s-e<7)t><oii. ;e< iaamm(cae»s-es £„

[ft] x 7 - zb 7 ■/ 7 L *: k §^REgs'voEtolSti. I3JE3:^*‘ 

eg] -etuiaETfcs, ?

[ft] KSSsfl <OT.E8t? k KJSXz'XcoE3eto36t4. k'«i 3K#x bti&fr.

[#] #aT#66(fT(4^V). nyf j.-7-ys j.lz-i/g yrij;. 1 O5 k/s

25



[«] .ro6t:B3lo-fe-/M.;if4 yHi. REH2 Xfxof BiS6£T(f r ktc

hh<Mp.

[§] %otl. H2 OfE(=02 Sr&Si: Lfc.

[®] fc'OE&Af .TOTo-feXfcjiUJ&Ofr.
[@] ifflD<t5»5Mi>fiEffl-eS5i:V5E.-S»^S%^*ATV^. %#. «»»L 

fcJSEBtOTigfcHiK-ttfiEffl Lfc. #M*oSl!6ti. gzSttKJ;^.

Brown Coal (i. ®A»:BET$)6„

[*] KlGSom^tffU. 5mTZ*'x<9$|6(,#EKV>n7tt:T^^^6». 

%$kLX^&<ni)\

[@] tf/t-u. uatr/KoaESr®9Antzi><7)x\

a®. %aiii^'LTv^i.A

( 2-4 ) sU □ -y HZxy

(12:15 —13:00)

AM □ -y h77yh«I?li, ZO«ilC#;WlTfr;bil/2.

( a )

sin $mc#Mo%a##-eg)%g t o& o-u-rmmL, TSsm^H □

(ii30t. 6-7B#OSr@0 lz%ttAtlt,ti6. 5E8MM oti. RgEoEtiT 

-e<7)E£» 7>£<|s]Ec9f-^-lMn»*3£AT-v->6. 7 barf, 5K#m@g#(coal 

transport vessel )

5 0m< t>i'ffititzkZ5lz. ^^y-;W^f-A07*-Sy/i:J:5H; ES 

glkCOi EBEfiStfEMvO'S. h2 zSE9 9%a±.cotfxtfme>tU. itz. -e 

of 5E^yx-r2,gf%oZkAKEfflSnyk5«EiMSCESSAx $tl§of

(=iR*-y?n&. COEffiTfL N2 Xz'xefA-Uf-i: Lite^igSfflESogf^Sff 

VA IE®^*7 0mT\ 7 0bar ?y?*»4 5 5bar ? y^/xolSBim. Ei*offl$A< 

frbtit:. 5^0zS@ffl®Sfcli. am#&6h@-3Tnt.

10 8Bmmmeoi-v-#aiyxfA(:#mf&N2 aeo®»



\<r>9V9 A^grix Stitw.:

(b)mmmm

M«5kg/h Vr^y-tft-xyy hi: LTffiffSiiTWc. .TfUi.

Mr. Hodrean*1. n-y^yx/HciRjgSix-Slu**'?). ®fflLTk'fci>tf>'C£>3> i 3fc'. 

,T<9t-x^yh>'K$oTH6$1Skllb3gefcgrS$ii£$i6tt]$SSS(Coal 

tranport vessel)»\h$fc:-$. f i/)T W) # 1 $ 4i 6 5##%#^ (Coa I feed

vessel) SESfiTV'-5„ #fz. D. n2 ioET'

#64 KE i:» 3.

^ny, ^XTmwmfihi. kjssst

gBW-v-'Vy-fcMzti. *)6®l:»‘'AoT*5 9 . -f+-£iff:SJL**li. tf'XHfScT);? 

•>xy^-ffli: LTfiEfflSfrtvS. 4-v-<7)KMi. rSUSIRSETSISITV'6„

2 0 or Jam: L-TV'6. S^KTSEKti. ff-#Km(D2%(OfT 

-4= y/<-A<&0. -fftzST-yJtf-r-fi, N2 'J-V'-’CSi'l-

-y-'fc?(=##$#.&. fv-t-foli, ^v-<0SES»vhSvyctotc48 USB 

T—ffk&S.

EES±SB10EK&V-oitXT-y'yytcHz flnBSIB (*'xi:EfSiSM^SminE) 
JnBxyyyHi, E*SiS:®fflLTV^i;<7)i:i;. *?li83m<f,bi\ 

RIbStCttifS 5 it I. . y> y -y h 9 4 7 O^BSST Max 200*C4T*Xf--

AT'fir 2. g)l Ommgjre&S.

CRT^'St^^^Uinyhn-;h/h-AS:l.^L3t. 31614. t^T^yfi-f-P

y h n - /Hz 4 -E> BimftZ"lfbtiZ>. S6«i:SI4. 7 A j'-2A+Sf%#

5A) x3y7hX'ff2.
/SEse^/zMasiz 2 o oTjdfy Kco*ffl$-sbrv^„

jfea. 3~4mfswm&tftititfixv2j$.izmM#$>-?
♦ 7 4 v - «i£;tizZ'jffflmfft) n. rd y 5 m. & 1 x v .
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SGjSteSrfroT. LT, *fJTfc«. 1 0 BfEOSE

is^ntftut<o; t-Qhh.

(2-5) bgc

(Dr.Lacey 14:30 —15:00 )

Or. laceyfci 0 , BGC/Lurgi Xyyf >/(BGL) k5®*SXfX-(fc<r)W5fciiaKov>r

1 990^fctiNG*$^F£1-^i:U5^iic7)t,kiCx 1 9 8

1984^fcti, «<9 

NG82gli$ST'Z>-E)^ k WWft Ltz. 1 9 9 

BGL(BGC/Lurgi SlaggingiXz'X-WFfcrC „ 70 barcoSEgESrffVX 5M*»4SNG 

SiSeDgf^S-Slirf&,1 i: C&oT . itz. ;<Olt»-CHicon-rn-fex^SIEfetTO.

NG6iX'30~4 09. 5Si>(.SNG©lMili, 3-n yy? 

CfcL'TSi, BGL#xftiPtt, 3y/<4 yH36Siia (tfcKlfg

<9*|6i*!i6i£?z. Z&M&lzmLtztfxiffiX'b5. fTC. NGtony 

>^4 yK%»lMX/W;L fffcftTfcO. BGL*>649«S^T(t#SixS;i: 5rffl#LT 

Ecru, ((Geo 9. 1994^4,1998^

fcWC. aeff@»$;5rStiTV^„ Zhlzii, shelt,Prenflow, BGi. Texaco SriftfS^- 

LTV>6„ lonrny'i/ b »<E CT-li# x.GtlTV>T. fy7-^txMy«7D 

y'xJ’l'TfcS. 2 5 0MW<9 I GCC»«tB5jlTV^T. BGLTfcL —^5d3 0bar

t»t%w%imii. 4 2%t*s.

5«*E.xfx-(b(i. BGLt:jt<. f-y »t±.

<t<. BGL&i9mr43»), s*%-fb7ks»$®@5tL5xi(,@AT'&5. sm%aa 

5 O t/dc9Tyy K9|5imarATV>S»>\ *ife(7)gtt»$#4>iu5:VX jSDOEfcMR 

ET'6-B. x^yL-jr-MST'ti. 44T'XiSr/?X-fb^St

11 G-fh n? C #LL^X(b8#rCm*&#-,?#T



( 2 — 6 ) 43 *) tz

SSE^SriiLT, fc/z\ %Sti. BtCfiSH
tf\^LX\'hl&mn‘®<r>b<imL1-zb<r>X'tetci)>-?tz. IfESraLT, KfB&Vwm 

SOfSK. xy-Jl'r-vriztt-t&Zz.liZmxo ttb

Z3"7 — z/Jr)VX'X — )V0y4 X “i/ifi^ *fc <(
yxM □•/h7"5y htoMSSIStt. ;&»$:*> Wz'ofz. EU$®fc^gtz®|get)fcSS 

abort:. . mtz^ro

rt:. X y - /VT y 7"85T-<7)X A-AH'by XMi.

i o BimoamwE#. av'o^fcx^-h-rsi^-t'&s*5.
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H3S I EA Coal Research

B B|: 1 lfl7B 13:30-16:30

: Mr.C.Maude, Head of Coal Utilization Group 

Mr.D.Scott, Coal Utilization Group 

Dr.N.M.Skorupska, Coal Utilization Group

iSBtib —gg©A6i

^©Str^x 1 any 4 >1k

Sritt, f#l#3 0^KyAXji|©^©AV I EA Coal ResearchH^^E

bfe.

I EA Coal Resea rchTtit, 5.-Tf >i/CA'SEKbtz7'b'3>ESS:=6sti#tt, 

@rj|©Mr.J.Trubshav - $£B§8fi@Mr.C. Nathan . -"/©jSMr.C.Maude

- TIFF - 5 A' - X yit - 7©6Mr. R. Dav i dson , SSiTfb-7©fi 

Miss.I.Smith, ttiESBft©Dr.G.Morrison S#SBR©*ffJfflSEyil--7©

#@©$4©
I EC K>©*?,&©?####&b T < ft & AT& 0 , BfctbT,

9Tl#S8$l/feV.
dOb-bri/aX*, SSe/x'-Ta--fBAT)Tfoh.fc©"C, fftfft*#4rm#),A 

Mir&WBSI£%bir«i?K:S:;i:ft, 9ISESffbh.fcSE-E(i5R^©y>vx"-%$8^ 
?%###%(,''< faWOTStS^fe. #*©#mK%i:±H3

A&@b, R6©Ajtttiiiib&.

&®Tiix ^NEDOcrliBfib NEDO<DGmtfZltTai7xi' hRl/EiS*

b%. I E Affile HU h C

oVT^t'gg-C.'^EBflsn, i|$K*^7lt©ll8ADyi» 1PbT©» Hf (?%# 

5R) ©BUffico^T, NED Q#J©mmb6 ft %#, C©7a^xt> h^#(:B% 

m,©B8'&$Kaaa&f, totmugv

fe.
8UT, Mr.C.Maude#5m#X1U8atM?A#m%Mm=&l'%#:%1l:*P%mt-&3

McobTs

tC&HU OHP£®t'tt**<ofB8JibT<ft&. ZtDXjyY tli.



1. S@<©8&tl©)5l6]

1.1 @a©#&

1.2
2. rs©<$ai
3. SUbSI

4. ffi±fl£jfX©v^$P
4.1 -9-

4.2

5. b - hAMA'X
e.

6.1 ESHfc&S

WTKf©#*w©@±2'-3tf%##&:af«

1. t?0t©i6h,©;/j|6l

tt%i%<D%Ui ti_L»> 6 T. iSESB^S$S*ti.±^K[S]

6#t%4)©a#t-3T^%*#8gE^(:U. t*-9-3 (SiO fGSP 

($£S) ©<kofcWBTBfc^$ft±»76TR|iO»^T8ilft3j'-TTirPRENFLO 
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® PRENFLO gasifier with waste heat boiler.

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

Waste heat boiler

PRENFLO gasifier

Burner

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

Slag (free of fly ash), 
dumping class I
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Shell Coal Gasification Process (SCGP) Typical Flow Scheme

Quench Recycle Gas

Product SyngasHP
Steam

Sulfur Removal

Solids
Removal

Acid Gas 
Removal

Lock-
oppers

Gasifier

Oxygen/Steam

Flyslag Sour Water
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1) IFF Annual Report 1989
2) Natural Gas and Crude Oil,

Parallel Outlooks or Complementary Destinies? 
by M. Valais, 17th Annual International Energy Conf. 

4/29—5/2 1990, Colorado USA
3) Natural Gas in the World, 1990 Survey

June 1990, CEDIGAZ
4) Underground Gas Storage in the World, 1990 Survey

June 1990, CEDIGAZ
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REFINING COSTS ON THE INCREASE
.T-'

(8 Mt / year refinery)

INVESTMENT TOTAL REFINING OPERATIONAL
COST pi REFINING COST (4)

Billion $ $/bl $/bl
SIMPLE REFINERY 05 15 1

FIRST STEP CONVERSION 
REFINERY d)

0.9 3 15

DEEP CONVERSION REFINERY (2) 15 55 25

EXTRA-COSTS
• PRODUCTS QUALITY
• ENVIRONMENT PROTECTION

+ 0.2 to + 05 +1 to + 2 + 0.5 to +1

(1) FCC Type, with visbreaker (3) Including capital charges, excluding refinery fuel consumption.
(2) FCC + Residu hydrocracker (4) Excluding capital charges and refinery fuel consumption.

L
STRUCTURAL EVOLUTION OF OIL DEMAND 

WESTERN WORLD ]
Light products

(LPG, naphtha, 

motor gasoline)

Middle distillates

(Kerosene, jet fuels, 

diesel/heating oil)

Heavy products

(Heavy fuel oil, bitumen, 

lubes, coke)

(Weight %)

1973 1980 1988 2000

46
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Typical LNG project
• Capacity : 6 to 8 Bern LNG / year
• Shipping distance : 3 000 to 4 000 miles

CAPITAL INVESTMENTS :
Liquefaction plant and loading facilities 
LNG tankers
5 to 7 tankers of 125 000 cm 
Regasification terminal including storage 
and unloading facilities

Total

Billion of $
1.5-2 
1 -1.5

0.5-1

3 -4.5
IFF - Economics Department -1990
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THE LNG CHAIN
COSTS AND ECONOMIC VIABILITY OF NEW PROJECTS

$ / MMBTU Parameters
• Gas at the inlet 0.5-1.0 • Minimum netback for the
of liquefaction plant producer/exporter

• Importance of production and
pipelining costs prior to liquefaction

• Liquefaction cost 1.0-1.3 • Local factors : construction costs,
existing infrastructures

• LNG transportation cost 0.9-1.5 • Shipping distance
• Regasification cost 0.5 - 0.9 • Capacity of reception and storage,

local factors (safety constraints)
TOTAL 2.9 - 4.7

• Current international
gas prices (*)

• Japan 3 -3.5 r Most representative border prices
• Western Europe 1.8-2.5 \ (after regasification for LNG)
• United States 1.8-2.2 Imports from Canada

(*) end 1989 - beginning 1990

48
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Fossil Fuel Reserves and Global Warming

November, 1990

Kuriilci Yoshi take

Idemitsu Kosan Co.,Ltd-



Hi story of Global Warming Issues

1889 Arrhenius suggested that the accumulation of atmospheric C02 
would cause global warming in the future.

1972 The Roman Club published the report named "The Limits of Growth".

1979 US National Academy of Science presented that the doubling of CO2 
would raise the atmospheric temperature by 3 C.

1988.6 Tronto Summit proposed to consider actively how to cope with 
; global environmental issues.

1989.11 Environmental ministerial meeting was held at Noordvejk, Nether!and. 
The stabilization of GHGs emissions was recognized.

1990.8 The fourth IPCC meeting formulated the final report.

1990.11 The second World Conference on Climate is being held at Geneva 
to decide the stabilization level of GHGs emissions.

1992.6 UN Conference on Environment and Development will be held in Brasil 
to conclude the framework convention for GHGs emissions.

/

CO2 Emissions (IPCC Report,1990) |

[Unit-Billion tons carbon]
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[Scenario]
2030 High 
Emission (A)
2060 Low 
Emission (B)
Control 
Policies (C)
Accelerated 
Policies (D)



Major Fossi1 Fuel Reserves
(Unit.'Bil lion bbls of Oil Equivalent)

Remaining Rec.Reserves (1989) (R) Production
(1988)
(p) ®

RZ P (Years)

Proved 0 Estimated Total (2) <D/@ ®z®

0 i 1 910 470 1,380 21 43 65

N. G a s 610 880 1,490 11 56 137

Coal
(Bill.Ton)

6,860
(1,340)

2,260
(440)

9,120
(1,780)

16 431 574

Total 8,380 3,610 11,990 — — —

[Remarks] Coal includes lignites,etc.
[Source] Oi1/Natural Gas; Study of JPDA , 1976 

Coal ; World Energy Conference , 1989

$

[Billion bbls] |Qia%e_ofJJltimte_Recoverable^eserves_(Oil)j

Published Year
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[Trillion cf] Change of Ultimate Recoverable Reserves (Natural Gas)

Calculated Atmospheric CP9 Cone.
in Case All the Remaining Fossil Fuels are Burned Out

(1) Present atmospheric condition 
Amount of C02 in air = 2,592 Bill.ton
Amount of carbon = 707 Bill.ton COz cone.

(2) Amount of remaining recoverable fossil fuels ;
Reserves Conversion factor

(Bill.bbls 0E)
Oil 1,380
Natural Gas 1,490
Coal . 9,120
Heavyoil 140
Oilsand 180
Oil shale 80
Total 12,390

to carbon (TC/TOE)
0.825
0.578
1.001
1.994
1.994
1.994

(lbbls=0.135T0E)

= 348 ppm ••• A

Amount of carbon 
(Bill, ton)
153.8
116.3

1,232.9
37.7
48.5
21.5 

1,610.7

(3) © CO2 increase in case all the fossil carbon converted ••••• X 
(1610.7 / 706.9 ) x 348 = 793 ppm

@ Taking into account missing sinks of 45%, CO2 residue in air -- Y
Y = X (1-0.45) = 436 ppm 

© CO2 concentration in the atmosphere
A + Y = 348 + 436 = 784 ppm (. < 800 ppm )
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Lifecycle of Primary Fossil Fuels Ion TOE]
IPCC estimation

'Middle
(Reserves include estimated recoverable)

Oil reserves
Natural gas reserves

To 2560Coal reserves
1986 2000

7

Projections of Atmospheric CO2 Concentration![ppm]
"IPCC
(Scenario A)

Case (1)
Case(2)

Case(2);Case(l) + Contribution of C02 Absorption

s 53



9

Fossil Fuel Production Patterns \

High :Peak=200 at Time=30 
Middle-Peak=150 at Time=25 
Low ‘Peak=115 at Time=17

Middle

Reserves

/ 054



[Billion TOE] Lifecycle of Natural Gas Production

//

[Billion TOE] Lifecycle of Coal Production

To 2370Middle
To 2500

To 2560
Remaining Recoverable Reserves

9,100 Billion bbls of Oil Equivalent 
( Proved:6,860, Estimated:2,260 )(Proved)

19862000
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A Viewpoint on Globa"! 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 cone, of C02 
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 cone, in the year 2100 will fall in the range of 500-550 ppm, 
even when no credit of C02 absorption-fixation countermeasures 
is taken into account.

/j

What1 Should Human-being Try tco Do ?
While fatal increase of atmospheric CO, will not take place

© 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 o< C02 fixation
l Use of low sulfur fuels ^ ^ capacity

0 Promotion of nuclear energy (LWR) installation and utilization 
© Acceleration of development for alternative and renewable energy

© R&D of CO2 separation, fixation and utilization technologies 
© R&D of nuclear fusion technology
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Japan s View Point
Present Status and Tasks for Future

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

(2) More advanced technology developments should be continued 
with sufficient back-up of funding.

0 Transfer and make use of the fruits of technologies 
promptly to other nations on global basis.

Japanese Go ver-nman-b ' s Response
To Globail Warming Problem

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

1. " Action Program to Arrest
G1obal Warming"

The Council of Ministers for Global Environment Conservation 
made a dicision to carry out this program in October,1990 1

(1) 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



(2) Targets for Greenhouse Effect Gases Emission Stabilization 

(DCOz
Assuming that major developed countries will make an effort 
for CO2 emission stabilization,

• to stabilize the C02 emission per capita in the year 2000 
at the approximate level of 1990

• to stabilize the total C02 emission in the year 2000 
at the level of 1990, in the case of achieving
the development of innovative technologies

(2) Other Greenhouse Gases
• Methane;to maintain the emission at present level

• Others ;to increase the emissions as less as possible

n

(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-C02 emitting
energy sources

• Emissions restraint of CH4 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 C02 fixation/utilization 

technology
e) Propagation, enlightenment and so on
f) Promotion of international cooperation



Primary Energy Supply (Japan,1988) i
Hydoro/Others Coal

[Source-MITI, 1990]

/?

[Mkl]
Projection of Primary Energy Supply,Japan \
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DMT-Gesellschaft fOr Forschung und PrOfung mbH
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Phone and Fax: (GerJ (20D 172 1+Ext.
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Or. Eisenhut ... , Prof. Or. van Heek

Ext. 587 "V Ext; 318

DEPARTMENT IKK 1 DEPARTMENT IKK 2 DEPARTMENT IKK 3
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' , Jumbo Coking Reactor'..
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- ".© Ext 511 ;

.is Coke Oven ' /''Y— 
'andServIceMachfneaiOperatlon 
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' ■ '■ '■ Dr. Szurmann Or. Mu Men Dr. Orywal
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Coke Quality Control Hydrogenation Heat Engineering 
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entrained flow 
reactor

/?------»cod
• g - j— 9°* (IIBO'C)

curie-point
apparatus

4 12 3

grid heaterthermobalance

reactor
1) sample holder 5) support

(IwromegwCc) 61 CMitailn «*«
2) cool 7) to UV
3) quorli wool oscillograph
t) hdjctton col 8) to Hf power

generator

heating profile 200 K/s3 K/min

pressure / MPa

ambient
atmosphere

N2,H2 
mixture of

10 kg/hsample size

grain size / mm 0.063 - 0.8

- 7 :

"o 100-1
o 300-

weight loss

oliphotics

final temperature [°C]

bemene

final temperature [°C]

coal Weslerholt 
0.063-0.1 mm 
p = 10 MPa. H? 
t =20s 
m= 9000 K/s

m- 8 : 7kE#x{t;tctj-hfiM 70



feedingcoal-

feeding gas

carrier gas

H-
i)

product gases c 

C

flip
p
3
3

I

at

T
3

3

ZJ

liquid products .

1 - 200 bar 

550 - 900'C 
0.1 - 1 kg coal/h 
0.4-30 m„3H2A

pyrolyzer

char filter 

cracker

condensation of liquids

- 9 : kg-JHl, m

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

hydropyrolysis 

run 11 | run 12

coke oven

experimental parameters
H2-pressure bar 100 50
temperature °C 650 800
gas-residence time s 23.5 13.0

yields (wt.-%)
char 41.1 41.4 76
gas 23.5 30.2 20
tar 25.3 23.0 4

from that BTX 1.9 7.1 1.0
H20 5.9 5.0
balance loss 4.2 0.4

main fractions of tar (wt.-%)
light oil < 180*C 11.5 21.5 2
phenol oil 180-210‘C 17.9 2.5 3
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
pitch > 370-C 44.9 29.1 50

m-10 : 7ktS?/X'fb;nuts m
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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
6) Report Coal Gasification - The Westfield story
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1) Annual Report 89/90
2) Newsletter October 1990
3) Coal Gasification Gasifier Design Considerations
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1) Annual Report 1989
2) Natural Gas and Crude Oil Parallel Outlooks or Complementary Destinies?
3) Report Natural Gas in the World, 1990 Survey
4) Report Underground Gas Storage in the World, 1990 Survey
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1) DMT panphlet
2) Regional News
3) TGA-BF panphlet
4) Reports 2#
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