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Present Status and the Future View of the Research and the
Development of Oil Shale Technology in Japan
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Table 1. Oil shale resources in the world.

Reserves In-Place Recoverable
stimated by
DUNCAN/SWANSON
(1965)1 Duncan/
U.S.G.SY (1976) IIASA® (1981) Swanson® WEC?> (1980)

Area >10 gal/T | >25 gal/T (1965)
North America 2120 520 2044.2 2044.2 80 204. 40
South America 750 — 801.2 802, 4 50 0,62
Africa 90 90 101. 2 195, 2 10 54,03
Asia 84 70 29.9 31.7 20 20.55
Europe 46 40 154, 5 141.0 30 28,12
Oceania 1 . 0.3 0.6 — 0,01
Total 3120 720 3130 3278 190 337.73

1) 4) D. C. DuncaN and SwaNsoN: U.S.Geol. Survey Circ. 523 (1965)

2) U.S.Geological Survey 1976
3) 6th IIASA Resources Conference (1981)

(billion barrels)

5) Survey of Energy Resources 1980, 11th World Energy Conference (1980). Synthetic Fuels : Worldwide Outlook for the 80'S (1981)
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Fig. 2. Comparative shale oil reserves v.s.
crude oil reserves.
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Table 2. Major oil shale projects in the world.

Project Developer Proposed technology Production target (bbl/d)
PACIFIC Superior, Sohio and Cleveland Cliffs Superior circular grate 15000 by 1987
PARAHO-UTE Paraho Development and 14 industrial sponsors | Paraho 11300 by 1985
39500 by 1990
LONG RIDGE Union Qil Union“g» 10000 by 1983
90000 by 1994
WHITE RIVER Sunedco, Phillips and Sohio Union “B” 14000 by 1989
100000 by 2000
SAND WASH Tosco Tosco I 48000 by 1988
L
g COLONY Exxon Undecided suspended
CLEAR CREEK Chevron and Conoco Chevron STB 10000 by 19_85
100 000 by mid-1990 s
CATHEDRAL BLUFFS Occidental and Tenneco Oxy MIS and Union “B” 117000 by 1988
RIO BLANCO Gulf and Standard Oil of Indiana MIS and Lurgi 50000 by 1991
SEEP RIDGE Geokinetics Horizontal in.-situ unknown
MEANS SPP/CPM Dravo circular grate 13 440 by 1988
|
‘%'E IRATI Petrobras Petrosix undecided
RUNDLE SPP/CPM and Exxon Undecided undecided
«
E CONDOR SPP/CPM and JAOSCO Undecided undecided
1z
3
<
JULIA CREEK CSR Undecided undecided
s FUSHUN Fushun PIC Fushun shaft type unknown
5
MAOMING Maoming PIC Fushun shaft type unknown

Photo. 1. Oil shale bed in Piceance Creek
basin, Colorado.
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Table 3. Shale oil production ‘at Fushun,

China.
Unit Nominal Actual
Capacity Number C R .
hale/d of Units apacity Production
t-shale t-oil/y t-oil/y
1930 50 X 80 70 000
100 X 80
1
940 180 % 60 } 260 000 160 000

5.
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Table 4. JOSECO’s research and development
project.

-Basic investigation
»Characterization of oil shale
+Characterization of shale oil

«Basic technological study
+Mining technology
«Crushing technology
<Beneficiation technology
°Agglomeration technology
sRetorting technology

«Study on spent shale
OCharacterization of spent shale
oSpent shale utilization technology

<Environment protection technology

«Total engi ing system desig

oBench-scale plants tests (3 t/d)
+Shaft type plant

5

oCircular grate type plant
+Cross flow type plant
«Pilot plant test (300 t/d)

Table 5. Oil shale samples tested by JOSECO.

Country Number of deposit Number of kinds
Australia 4 37
Brazil 1 1
Jordan 1 10
Morocco 1 4
Sweden 1 2
U. S. A. 4 31
Total 12 85
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Fig. 3. JOSECO?’s research and devel-
opment program.
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Table 6. Properties of oil shale.

Ash Volatile Calorific

Total

Organic

Oil shale sample content matter value carbon carbon Hydrog)en Nit(r%g)en Sul(%x;.lr SiOg*
(%) (%) (cal/g) (%) (%)
U.S. (Colorado) 69, 98 29, 43 806 12. 82 7.52 1.10 0. 29 0. 48 40, 10
# (Utah) 62, 87 36,16 1060 16. 44 9, 52 1. 36 0. 46 0.16 33.12
# (Wyoming) 75.68 23, 40 1106 12.29 10,15 1.67 0.50 0. 60 51. 60
# (Kentucky) 80. 94 14, 46 1360 10. 33 10,17 1.36 0. 36 6.24 60. 85
Australian (Rundle) 62.07 35.00 3010 25, 50 24.88 4.12 0.24 1.06 63.72
” (Condor) 79.08 20. 85 1115 10. 16 9, 92 1.80 0. 41 0.83 66, 52
” (Julia Creek) 56. 16 37. 44 1433 20, 92 13,50 1.30 0. 46 1,62 22,70
” (Yaamba) 61. 35 30, 60 2128 22.62 21,27 2.36 0,92 0, 82 68. 60
Brazil (Irati) 80, 74 17.56 1314 11,52 10. 43 1.39 0.31 3. 44 67.25
Morocco (Timhadit) 67,76 31. 40 868 13.78 8.16 1.04 0.21 1. 87 36. 62
Bulk Oil cont-
Al; O Fe,O4 CaO* MgO* Ni* v* As* specific ent ratio
gravity  (wt%)
U.S. (Colorado) 10. 44 3.89 28. 30 7.87 0. 008 0.011 0, 0004 2.27 6.1
# (Utah) 7.14 3.32 39.32 10, 84 0. 006 0.015 0. 0001 2.27 8.9
7 (Wyoming) 14, 46 479 9. 48 5, 92 0. 006 0.018 0, 0003 2.08 8.0
r (Kentucky) 13.84 13.76 1.14 1. 46 0.018 0. 026 0. 0009 2,32 4.1
Australian (Rundle) 16. 22 6. 58 5. 22 2.24 0. 006 0. 035 0, 0001 1.64 2.4
” (Condor) 17. 86 8.01 0. 42 .70 0. 006 0,017 0. 0001 1.12 5.5
” (Julia Creek) 3.16 2,00 71,18 0. 48 0.028 0. 41 0. 0008 1.56 7.0
” (Yaamba) 13.28 18. 84 1.82 1.32 0.033 0. 026 0. 0001 1.66 4.8
Brazil (Irati) 11. 81 8,32 4,72 3.50 0. 006 0. 013 0. 0003 2.14 6.4
Morocco (Timhadit) 8.12 3.75 38.96 5. 88 0.018 0. 020 0. 0002 2.01 4.8
* Weight ratio of ash content
00T W 00ea 1y 7 VYA ORRFEIART I OTKRESHET S
10025dry base ; \ iial L AbhD.
S sooen || stion L E B REORRIL 3t/d DXy F Ry —AT 5
z NA | Fina v & SEE OO TR BRI OV TERRET O
= ‘CB o . s
2 0N Fig. 6 3%+ 7 MERT, ko b@RE AR, Trb
Sample~-1 700c8 ﬂﬂ%é‘htﬁx’?%?i&ﬁl &VCIO”CYEM;@& gh%
0 200 400 600 800 1000 LW BMILEETHS.
Temperature (C) BEY ROy = —MIEDEEEATENC, &
100%dry base xLlOOchw 400°C A Z 'C‘\Eoﬁ: H - ‘—E v (X‘J‘J 4~8%) ﬁ;m% g h) % Oﬁ’{i’;
(] itial o ~
! X e BZRBR TRy AOMBCEbR, AV v —
33 ) .
= R i MEIFED bEH S 5.
= . P o —
':_JD L Final Flg' 7 ﬁ‘w@ﬁﬁﬁkﬁﬁﬂgﬂiﬁbh}b@f%% .
; el
Sample-2 400CB VELT 4 VT e S — & %ﬁ V- @FE!ENCPI, v
0 200 400 600 800 1000 — Y V7S = ERBITONT, EETEEDMETS L

Temperature (°C)

Fig. 4. Typical configuration of T.G.A.

W, B TSR
FAEREREO—F L LT, Table 6 112t RO L EHT)
DAANY =z —1O—¥ER%Y, Fig. 4 wizt+1 1L v
z—n®D T.G.A £#%, Fig. 5 titv—=1rd 11
DERHDOBEERL T 5.

AT IDOT, HHEEIKELS BeoTWB Z &
binsd. ¥, Bbohicmd, okEEL CHO7

5

W ORGSR oD T B,
(B PR A4 L 7.
Fig. 8 3% —%.5— -
T E) »ER YT
CHIIBERBO 7 — 5 —e b TWnWb 7 e 2R
EAANY 2 —ARIGHLISE WS4 DThHAS.
F—rYREBFET ORIV =<, FOLEZERY
DR, TON, FHAEETLECTE, By, By — R
vORENTHIRS. BREBERZh CTTFE, &8A

Yy 7 MR XA FHH AR

VAR IDENORGHEY )y



780 B L M 714 (1985) BT 5
Sample  Naphtha Kgfgéﬁggon Light oil Residual
(1BP~160°C) (160~240°C) (240~340°C) (340°C +)
A %-; ] \ A ! _(L ]
1-4 | ] | \ I'i
2-1 | 1 I ]
2-2 ] 1 ]
3-1 ] ] —T
3-2 I T
3-3 1 ] ] '”—_—l—'
4-1 1 1 ) 1 \ |
pis 4 — —
4-4 J L ]
B 1-1 1__..[H - S E:
2-11 I _L
3-1 B
3-2 |
e l [ i 1)
4-2 | )] 1 )l N ) W |
4-9 T | (i )| ( ]
Cc 11 [ 1 O ] DOf )| oC ]
D 1-1 A &/ S, ) 1 P ]
2-1 \ ] \ 1
3 = & =
3-1 | A L W R i i |
‘HET B B —.
1-4 1 L |
Fi1-2 3 0 oc—— g——
G 1-8 L | 0cC ] 0o J QL |
L 1 1 ! byt 1 I } L # 1 1 J |1.,:| 1 1 Fl 1 1 ] Fl 5 Distillation
0 5 10 1501015 20 25015 20 25 30030 35 40 45 50 55 60 .g' ' .
Fraction (9) yield of shale oil.
Raw shale
Shale P(g%%uct
preheating Gas cooling lower Product
& Ol recovery oil
Retorting EEI;asust
. I.
1
seang i
Combution Gas
& . combustor
Gasfication Air
Shaie I
cooling
l Blower Air
Spent

shale

Fig. 6. JOSECOQ’s shaft type retorting
process.

DB B LD VAT ATHD.

Y—FaF— - - rRERINLF NV 2=
X, FE, RE, BB, &H, v AT, STl
E#EORK 7 e v A5 T T35,

Fig. 9 X HARE B BPHEY Lcr7e R - 7r —H
DTrEvATH5S.

UL BEREHE S A OB B S i A 1
Y= AIGALIELDTH B, BEEDIL— S =R
DO END Y = —ABREASIPERETH TL 5.
ORI MBI N N AN Y = — L DB & B o T
h, EFEIMThbhs. 2Fh,7ex-7a-RTHS.
Bh — R VRBEZIIIRBIRF 2 MEDLR S .

ChLEIBEEONVFAY—ATS S5V INT, FhTh
DT w e A DA TED D B 123D O LB H 19827 1,83
U Thhie. Bk, KE, $E, 4 -

@®Vibro-feeder ®@Bell typed charging equipment
®Retorting furnace @Table feeder

Fig. 7. Detail of shaft type retort.
APFVTEIOER y 2ETHD.
AMARE, SBRESEThDF M vy = — L BIRRFEN
EREN OO EREXHRCEZE L1y + 7



AN o — A EROBR IR 781

v DOHRBECETAEREZITC, v+ 7 PFH
REPLELTAMry VP53V RRBBTLEGFH
A PEL 1.

Air
Circular grate

mmm) Spent shale

Waste gas

Product gas

Oil recovery system ¢
ey Product ol

Fig. 8. JOSECO?’s circular grate type retorting
process.
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12. Cathedral Bluff’s modified-in-situ
project.
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