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TABLE-21 COST SUMMATION
L 4 Production 385,010 /v

§/T
j charge Natura‘l Gas 50.92 MMBTU/?| 4.5 '&,‘/106BTiI 76.38 | .
kperation Cost (Investment 93,253 MMp - 385,090 T =
2k2,158 /1)
Depreciation 5% on Investment 11.61
Interest for Investment 5% on Investment ©11.61 .
Tex and Insurance 2% on Investment 4,65 |
Haintenance 3% on Investment 6.97
Administration ) 2% on Investment 4,65
Over-head 2% on Investment L.65
Interest of “orking
Capital . 1.68
Sub-Total . ’ 45.82
Utility ‘ 40.82
Labor Cost 15x4 = 60 persons X
200 $/mon x 60 persons o
x 12 mon + 385,090 T/Y 0.34
. i
- !'.
Sub-Total 86.98 T!
Minus 155 for dew point
control . 73.93
Total 150.31
plus 3% for selling charge 154.82
[ ————
WILET (INCOME)
[ —
"-..____; '
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FOR C, AND ¢, Lrg

12257 7777000,970770077,

PROFIT OR LOT5 VY3, NAiTURAL Gas P;iICE

C3 LP3 1609
ck LP3 180%

G5 & Cp LPG AV.167.1\5/T

16 17 18 19

20
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Cy & Cy LBG Av. 200 5/T

€y LPG 192 §/T
€y, LPG 216 §/T

C3 & Cy LG Av, 195 §/T
¢y LPG 187 3/1
Cy LPS 210’ §/T

C3; & Cy LPG av, 185 /T

€y LG 177 §/T

C; LPG 199 $/T |
bt

3

Cy & Cy LPS Av. 175 §/T
C5 LPG 168 §/T
€, LPG 189 &/7

NATURAL GAS PRICE |
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CRUDE OIL INMPORTED By covHTHY OF ORIGIH 1978

e
Jan. Feb Nar, April My June July Aug. Sept. oct. Nov,
zatar 160 . 165 158 186 305 276 - 339 322 242 106
Fuwait 59 26 125 - 186 - 71 7 66 54 61
abu Dhabi - 81 - 117 - 157 105 234 84 88 81
Seudi Arabial 550 k72 b99 2k6 203 81 223 83 169 361 b3y
China - - - - - 1?7 7% - 95 71 10k
Iran - 37 - - - 48 4g - - - -
Iraq . - - - - - - 105 - - - - -
Brunie 58 - 64 81 | ks - 161 - 176 59 60
Darius - - -, LT - - - - - - ;-
Singapore - - - - - - - 8 11 - -
Indonesia - - - - - - - - - - -
Total 827 784 193 654 839 784 682 794 " 921 875 | 1,019




CRUDE OIL IMPORTED 3Y couxTHY OF ORIGIY 1978

Bnit : 107K
1978 1979

Jan. Feb ¥ar. April My June July Aug, Sept. Oct, Hov. Dec. Total Jdan, Feb, ¥ar.,
<atar 160 ) 165 158 186 05 276 . 329 322 242 204 159 2,816 388 52 257
Furait 59 26 125 - 186 - 71 LV 66 54 61 165 280 55 111 183
«bu Dhabi - 81 - 117 - 157 105 22k B4 83 81 - 213 21 144 _
Saudi Arabia| 550 492 493 abg 203 81 . 223 a3 169 361 437 *° 2,545 229 299 184
China - - - - - 17 76 - 93 71 104 87 534 83 55 ol
Iran - 37 - - - 118 4e - - - - - 231 - - -
Iraq - - - - - 105 - - - - - - 105 - - -
Brunie S8 - 64 69 145 - 161 - 176 59 60 90 874 66 65 &4
Daraus - - - Ly - - - - - - . - - Ly - - .
Singapore - - - - - - - 8 11 - - - ] - - 8
Indonesia - - - - - - - - - - - - - = - 14
Total 827 784 348 65h 839 78k 682 741 2214 875 | 1,049 569 9,538 850 765 1,014

data of 1979 are preliminary,

cubjeet to change.,




PRODUCTICH OF TOTAL FOUR REFITIRY I 1978

: I ¢ oL
e Jan. Foh; Mar. April Yay June July AUg. " Sept. et Nav. Dec. Tot-1
121 21,981 16,670 20,049 15,627 19,516 21,452 18,771 14,069 18,549 22,052 15,799 19,586 221,106
g:scline Premium { 116,313 97,194 93,036 79,324 110,895' 101.,0?1 100,552 o2, hoy 107,345 103,741 090,370 87,163 1,48¢,007
negular | 80,289 72,269 77,079 79,186 89,468 71,593 74,768 58,371 75,060 6h,932 83,073 81,924 838,110
Jet Fuel JIP-1 50,806 50,580 57,749 63,181 65,818 67,967 63,493 43,231 69{776 77,216 49,528 61,483 720,828
IRl 2,252 k, 206 2,353 4,339 2,191} 2,098 |+ 2,148 1,800 2,180 2,156 4,214 4,349 3k, 348
Arerosene 24,688 ' 17,579 -] h,979 22,753 21,518‘§ .1?.069 25,160 19,569 16,929 ac,798 17,758 33,389 258,473
pizzel 0il HSD .| 246,734 229.'56? 167,883 138,345 229,933( )fk.é.&hs 183,486 | 166,889 | 201,999 | 207,156 | 182,692 | 207,057 | 2,382,167
LSD.” | 10,291 2,523 11,858 14,919 2,114 . 10,191 12, 241 6,546 15,990 10,95¢ 92,501 5,526 T129,990
fuel 0i1 133,419 220,733 261,208 250,745 252,254 ' 163,596 15h, 504 187,436 239,158 227,508 2b4,710 283, 104 2,743,028
itunen 12,7C6 15,745 13,530 12,251 14,942 2,389 2,581 2,306 2,116 2,886 706 1,267 81,301
fotal 760629 | 735,726 | 719,815 | 689,640 | 7os.6s0 | 696,872 | 687,302 | s5Bo,B0h | 749,602 | 739,807 | 701,641 | 734,845 | 8,639,381
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PETROLZUY PRODUGCTS IHPORTS IN 1978

Unit : K1
" Jan. Feb. tiar., ADril May June July Auz, “Sept. oct. Nov., Dec. Total
LPG 9,hk2 2,052 1,552 1,053 T 2,173 6,419 b, 954 7,639 8,759 %4351 13,069 21,463
Gascline Premium 1,761 11,007 18,781 18,185 9,719 8,536 3,353 15,460 - 6,486 17,606 25,951 136,845
Regular 9,364 429 337 20,117 6,041 13,669 6,638 5,398 3,754 23,773 12,630 9,130 111,330
‘| Jet Fuel JP-1 2,127 3,810 6,352 2,512 - 810 - 300 - 3,230 3,720 9,198 32,063
JP-4 - - - - - - - - - - - - -
Kerosene 253 -206 236 236 204 280 - 227 78 459 268 - 2,854
Diesel 0il HSD. 66,134 87,075 125,313 Lh 560 167,574 | 100,400 ba,797k 294,437 95,087 131,438 120,196 145,012 | 1,338,701
LSB - - - - - - - - - - - k,790 4,790
Fuel 0il 63,514 57,646 84,709 79,255 125,483 | 184,866 67,314 55,007 70,590 14, 8%0 31,Lh2 18,069 852,765
Bitumen o - - - - - - - - - - - -
Total - 152,595 | 162,229 237,280 165,918 309,018 | 310434 125,545 255,783 177,548 189,029 1953213 230,219 | 2,550,814




\

v 4
f[ PETROLEGM PRODUCT COUSUMPTION IN 1978
' (Page 3 import plus pape| 2 production)
"__r 3 Unit : K1
Jan. Feb., Har. April Hay ! June July Aug. Sept. Cct. Nov, Dec., Total
176 Imp. 9, kb2 2,052 1,552 1,053 - L 24173 6,419 4,954 7,639 8,759 9,351 18,069 21,463
Prod. | . 21,981 16,610 20,094 15,627 19,516 | 24,452 18,771 14,069 18,549 22,052 15,799 19,586 221,106
Total | 31,428 18,662 21,646 16,680 19,516 | 23,625 25,490 16,023 26,188 30,811 25,150 37,655 202,569
) 1
l
fiasoline Premium | Imp. 1,761 11,007 18,781 18,185 2,719 8,336 3,353 45,460 - £,486 47,666 25,951 136,845
Prod. 1§ 116,343 97,194 93,036 79,324 110,896 101,071 100,552 92,497 | 107,845 | 103,741 90,370 87,168} 1,180,co7
Total | 118,07k 108,201 { 111,817 97,509 | 120,615 | 109,607 { 103,995 | 107,957 | 107,845 | 140,227 | 107,976 13,119 1,346,352
Regular [ Imp. 9,364 429 337 20,117 6,061 | 13,669 6,688 5,398 3,754 23,773 12,630 9,130 111,330
Prod. | 80,289 72,369 77,079 79, 186 69,468 | . 71,593 7,766 58,371 75,060 6k,932 83,073 81,924 888,410
) Totsl | 89,853 72,798 77416 99,303 75:509 85,262 81,454 63,769 78,814 88,705 95,703 91,054 999,440
Jet Fuel JP-1 Imp. 2,127 3,810 6,352 2,512 - 810 - 300 - 3,234 3,720 9,198 32,063
Prod.. | 50,8c6 50, 580 57,749 63,181 65,818 67,967 63,493 43,231 69,776 77,216 ha 528 61,483 720,828
Total 52,933 54,390 6l ,101 65,693 65,818 68,777 63,493 b3 539 69,776 80, %50 53,248 70,681 752,851
Jp-b Imp. - - - - - - - - - - - - -
Prod. 2,252 b,206 2,353 4,339 2,191 2,008 2,148 1,890 2,180 2,156 ho214 b, 5hq 3k, =268
Total it ] " n n " h ] " " n " t
Kerosene Imp. 253 206 236 236 201 280 - 227 478 Leg 268 - 2,568k
Prod. | 24,523 171579 14,979 22,753 21,548 19,069 29,460 19,569 16,929 20,798 17,748 33,389 258,479
Total | 24,941 17,785 15,215 22,989 21,719 19,349 29,460 19,796 17,507 24,267 18,016 33,389 261,333
Diesel 0il HSD Imyp, 65,134 87,079 | 125,313 Lk 560 167,574 100, 100 b ,771 215,437 95,087 131,438 120,166 145,012 | 1,338,701
Prod. {246,734 229,567 | 167,883 138,315 229,933 215,446 188,486 166,889 | 201,999 207,156 182,692 207,057 | 2,382,167
Total | 312,863 316,646 | 293,196 182,875 397,507 315,546 230,257 381,326 297,086 338,604 302,888 352,069 | 3,720,858
LSD Inp, - - - - - - - - - - - k, 750 b, a0
Prod, 10, 291 9,523 11,898 14,919 9,114 10,191 12,241 8,546 15,990 10,950 12,801 $,526 1 129,950
Total 10, 2914 9,523 11,898 14,919 9,11k- 10,191 12,241 6,546 15,990 10,550 12,801- 10,316 13i,?§0
Fuel Dil Imp. 63,514 57,646 84,709 79,255 125,483 | 84,866 67,314 55,007 70,590 14,870 31,442 18,069 852,765
Prod, |198,619 228,733 261,208 259,745 252,25k 165,506 194,504 187,436 239,158 227,908 2k, 710 283,104 | 2,742,028
Total {262,133 286,429 | 345,917 | 339,000 | 377,737 | 350,4€2 | 264,818 | 22,443 | 309,748 | 242,778 | 276,152 301,173 | 3,595,7%0
Bitumen Imp. - - - - - - - - - - - - -
Prod. 12,705 12,315 13,534 12,251 14,942 2,389 2,884 2,306 2,116 7,328 706 1,267 81,307
To.tal t i 0 o “ " 3 " " 1 " n ;7:
Tota) Imp. |152,505 | 462,229 | 237,2%0 |165,918 | 309,018 | 310,434 | 125,545 | 295,783 | 177,548 |4182,029 | 195,213 2301229 2;”’;‘4
Prod, |764,67% 732,726 | 719,843 | 68¢,6Lo | 795,650 676,872 | 687,702 {589,804 | 7h9,6c2 | 732,307 | 704,641 748,3 5 8 a;”a
Tot2l {947,274 901,955 | 557,093 | 855,558 [1,10k,868 | +g87,306 | 812,847 885,587 | 927,150 928,836 | 896,854 |1,015,06% |11,130,1¢




WHOLE3AL® PRICE OF PETRCLZUM PRODYCTS AT REFINERIES 45 CONTROLLED BY GOVEEMMENT (INCLUDING TAXES) -

{EXREFINZRY PRICE) 5
Unit ¢ F/14t
1979
Jan. Fab. Mar, April May Jhhe July Aug. 3ept. Oct. Nov, Dec, Jan, Feb, Yar,
'3_ (3/52) 3.3235 | 3.3235 | 3.3235 | 3.3235 | 3.3255 | 3.3256 | 3.3255 343235 | 3.3255 | 3.3255 | 3.3255 | 3.3255 || 3.3055 3.4018 | 3.4018
. ine Premium| 3.6898 | 3.689% | 4,4533 hih533 | 44533 | L4533 [ 44533 4.0533 | B533 | babs33 | bus3s | wsss I busss 4.9593 | 4.9599
Regular! 3,4389 3.4389 §.202h 4,202k b, 202k 4, 2024 k2024 k.2024 | b,z024 L, 2024 G202k b.202h || 4,004 %.5179 [ 4.5179
ot Fuel JP-1 2.4557 | 2.4557 | 2,457 2:557 | 2.4557 | 2.4557 | 2.4557 244557 |, 2.4557 | 2.4557 | 2.4557 2.6557 || 24557 24733 | 2.4733
Jp-4 2.2892 2.2892 2.2892 2.2892 2.2392 2.2892 2.2892 2.2892 2.2592 2.2892 2.2892 2.2892 2.2892 23160 | 2.3160
srosene 2.3971 | 2.3971 | 2.3971 2.3971 ) 2.3971 | 2.3971 | 2.3971 2.3971 | 2.3971 | 2.3971 | 2.3971 " 23071 || 2,397 2.5900 | 2.5900
jesel 0il HSD -2.3520 2,3520 243520 2.3520 | 2.3520 | 2.3520 2.3520 2.3520 | 2.3520 | 2.3520 | 2.3520 2.3520 2.3520 2.5018 | 2.5018
1sD 2.3087 | 2.3097 2.3097 2.3097 2.3097 | 2.3097 | 2.3097 2.3097 | 2.3097 | 2.3097 | 2.3097 2.3097 || 2.3097 2.4737 | 2:4737
el 011 450 - - .- - - - - - - - - - - - .
goon 1.6722 1.6722 1.6722 1.6722 1.6722 1.6722 | 1.6722 1.6722 1.6722 1.6722 1.6722 1.6725‘ 1.6722 1.6966 | 1.6966
1,200" 1.6314 1.6314 1.6314 1.6314 1.6314 1.6314 1.6314 1,631k 1.6314 1.631% 1.631h 1.631h 1.6314 16356 | 146356
&  1,500" 1.6157 1.6157 1.6157 1.6157 | 1.6157 1.6157 | 1.6157 1.6457 | 1.6157 | 1.6157 | 1.6157 1.6157 | 1.6157 1.6157 | 1.6157
tuuen {B/kg) 1.2266 1.2265 1.2266 1.2266 1.2266 1.2266 1.2266 1.2266 1.2266 1.2266 1.2266 1.2266 [ 1.2266 1.2724 | 1,2724
data of 1979 are preliminary,
subject to change,
-*mL PRICE OF PETROLEUN PRODICTS I THE MUHICIPALITY OF .;mc;xox Unit : B/lit.
: siar. 10, 1978 Jan. 31, 1979 |
filine Premiun 4,98 T 5.60 \ '
Regular 4,69 5.12
restne 2 .'68 3406 ) ’
stl Dil HSD 2.64 3.03
._ : LSD h, 2.50. 2.93 R
1011 ¢ .
| Loon ' - - -
.Bogn 1.66 1.86
1,200 1.62 1.79
1,500" 1.61 1.77
—







June 1, 1979.

EXREFINERY PRICE A5 CHANGED OF 1LY 157 1979

He Tax Excise Municipal Tax /L
Tax % on Excise Exrefinery
Tax Price
Gasoline Premium 3.1528  2.2960 1 5.7418
Regular 2.9047 2.0992 1 5.0249

Jet Fuel JP-1
no price control

JP-2
Kerosene 2.9284 0.2754 1 3.2066
Diesel 0il HSD  2.7845  0.2727 1 3.0599
LSD 2.7547 0.2637 1 3.0210
Fuel 0il oot 22,0798 0.0M - 2.0808
1,200" 1,9975 0.001 - 1.9985
1,500"  1.9707  0.001 - 1.9717

LPG B/L 2.717 0.001 -

B/xe bogsos {20172 0:001) x 1.9628 4 geug
Bitumen ¥/Kg 1.74?50 - - 1.7485

RETATIL PRICE .

The rctail price was changed on January 31, 1979 (effzctive on
February 1, 4979). Exrefinéry wvrice wenit up on May 1, 1979, but retail
price did not change, so retail price is 1ower than exrefinery price.
So, Thai Government decided to subsidize retail price since May 1, 1979,

but now not yet enforced.
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PETROLZUM INPORT PRICE (cIF PRICE)

X Unit : ¥/lit.
| Jan. Feb.. Mar, April May June July Lug. Sept. Oct. Hav. Dec.,
1p6 {B/%g) 14930 2.1k 2,154 2.196 - 1,916 1,985 2.152 2.109 2:005 2,017 2.039
Gasoline Premium | 2,045 2,574 2.513 2.483 2,484 2.517 2,443 2,487 - 2.504 2.u86 2:531
Regular 2.328 2.294 2,282 2.187 2.203 2.156 2.147 2.660 2.165 2.395 2.124 2.166
Jet Fuel JP-1 2.385 2,26k 2.236 2.230 - 1.984 - 3.523 - 2.277 2,253 2,266
b - - - .- N . . . . - . N
Kerosene 2.269 - 2.272 2.292 2,297 2.2599 2.290 - 2.304 2,268 2.330 2,295 -
Diesel 0il HSD, .. | 2.138 2,109 2,133 2,084 2.108 2.099 2.026 2.169 2.057 2,209 2.128 2;q2h
1SD. - - - - . - - - - D - - - 2;:247
Fuel 0il 1.555 1,577, 1.613 14549 — 1.586 Te5k0° | 1.54% 1.529 1,474 1.593 1.491 1:489
Bitunen - - - " - - - - - - - -
} t




o e e e s

o

PETROLIUM PRODUCT IMPOHTS iBY COUNTRIES )9‘76’;{
Unit : KL
Countries |
btroleun Prod Singapore | Taivan )China |Indonesia | Srilanka | Hongkong| Japan |Korea [Australia| Bahrain {Kuwait |Iran [feman jSouth AFC Total
{56 461306 3300 2,893 1.823 St 622
fjasoline Premium 22325 33.940 . 5.402 | 111,667
I
Regular 9.986 56.645 i 66,631
Jet Fuel JP-1 2k, 260 2k , 260
‘ iesel 0il "HaD shy 485 | 284,593 [ 3,808 3,150 72.180 23.253 |119.510 | 72,984 4,061:963
Fuel 0il b7k 313 108,327 27.118 19,825 | 83.9h915k 656 | 19.936 738,134
Total 1,178,675 1275.478 {3.B808 } 108,327 27.118 3.150 | 12.582}113.39% | 26.746 | 119.510 92.809 | 83.949|354,686 | 21,765 2,107.077
55.7% 17.8% 0.2% 5.1% 1.3% .25 0,65 |i0.28 1.2% 5.7% b b L, og 2.6% 1.0% 100%
t 4
y i
|
i. .
i L} -
- .







. . June 8, 1979.

1 PETROLEYM 3TOCK PILING BY L&GaL.

Buying : Crude 0il and Product 5% - 20% ;

Refining Products : 5% - 20% ;$
!}‘ .

Petroleun products for{ are 20%, other are 5%.

The refinery submit the document for petroleum stock piling
to the Ministry of Commerce and have to get approval from him.

IT SUBSIDY FOR SALES COMPANY (sce page 5 and 51)

Reduce Extra
Gasoline tax 0.125 B/Lit For refinery

Subsidy for other products

Saleg Company

Subsidy 0.088 B/1it for domestic
refined products except gasoline.
Subsidy for import products except
gasoline has to change depend on

import price. ~
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10

! TANE INSTALLATION DPLAN{ING

E (1) (2) (3) (4) (5) (6) (N (8) (9) Remark
' Crude Import Total Total Holding Petroleum Petroleun Deficit New
[ Thruput Products (1)+(2) Tanle Days Stock PilingiStock Pilingi{ Stock Instration
Capacity ) + 3 () 2 2 By lLaw Piling Tank
K1/5D ¥K1/ch K1/D -l days days days davs Kl
1977 29,269 4,456 33,725 2,639,000 78 39 50 2 -
1978 29,545 6,989 36,530 t 72 36 60 2h ' - New Tank Installation Zxpected Schedule
’100,000 K1 50,000, K1 0 . K
1979 29,269 13,896 43,165 n 61 30 60 0 - Tank Tk Drmoganﬁl o wi*ggg =
1980 29,269 18,877 43,146 3.852.000‘ 8o - ko 60 20 1,213,000 12 24 Lo 121
1984 29,269 20,693 Lglo62 51996000 100 50 60 10 1,14k, 000 11 23 38 114
1982 29,269 24,082 53,351 6,402,000 120 T 60 60 0 1,406,000 15 28 47 1ho
1583 58,548 - 58,548 - 7,611,000 130 65 65 0 1,209,000 | 12 2h 4o 121
198k | 57,491 - 57,491 8,049,000 | 140 7 ol 0 438,000 | & 9 15 bh
ssumpg
1935 6,127 - 6hy127 9,619,000 150 75 75 o 1,570,000 16 31 52 157
1986 69,881 - 69,881 10,482,000 150 75 75 o 860,000 9 17 29 86

Note : * Thailand can install tanks from 1980, in 1979 can not.

** petroleum stock piling is average inventry, so {5) devided 2. .
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April 1, 41979,

Mr. Tammachart Sirivadhanakul,

Director of Regulatory Division,

National Energy Administraticn.

Dear Mr. Tammachart,

Ret OTL SHALZ T

(?RANSLATED INTO SNGLISH FROM "PETROTECH"
. OF THE JAPAN PETROLEUM INSTITUTE)
AUTHOR: MR. MINORU ENOMOTO
NATIONAL RESEARCH INSTITUTE
FOR POLLUTION AND RESOURCES

I present you Mr. Minoru Enomoto's paper subjected "OIL SHALZ"

which I translated into English during the holiday, Some engineers

in NEA and Ministry of Industry have interested in 0il shale, s0 I

want to deliver this translated paper to the above gentlemen, I

request your permission.

&)

(2)

Cil shale reserves in Thailand
800,000 Bbl (Equivalent crude o0il)

Yhen Thai refinery capacity is 1,000,000 BPSD, and 20% of crude
oil is replaced by shale cil, Thailand can be used 11 years.

4,000 days

= 1 years

$00,000,000 Bbl + (1,000,000 BP3D x 20%)

1,000,000 BPSD crude thruput will be in 2000.

Quality of Thai oild shale is very high.
(see ATTACHED information)

Colorado - Thailand
011 Recovery 10.7 20.1

I appreciate if it would be useful for you.

Sinc¢erely yours,

Y. Kavase
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MR. MINORY ENOMOTO
- NATIONAL RESEARCH INSTITUTE

OIL SHALE
ANSLATZED INTO ENGLISH FROM "PETROTECHM
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OIL SHALE

[RANSLATED FROM 'PETROTECH"
oF THE JAPAN PETROLEUHM
INSTITUTEV . ’ for Pollution and Resource

AUTHOR: MINORU ENOMOTO

National Research Institute

{ HISTORY OF OIL SHALE

fistory of oil %hale is very old and for the first, the patent
-phich shale oil is recovered by heating was subﬁitted in England
in 1964, Shale oil was recovered by improved process of English
patent in France in 19%8, then in Scotland in 1850. They had
been operated before the crude oil discovery in USA in 1859,
fhen small scale of sﬁale oil Production is commenced in Austra-
1ia in 1865, Brazil in 1881, New Zealand in 1900, Switzerland in
1915, Sweden in 1921 and Estonia in 1921.

But'theseicoﬁﬁtrigs suspended shale oil production, because oil
fields were ﬂiscovéred in éil over the world and cheap oil was
produced adcoréing to the promotion technics of exploitation and
{pro&uctlon especlally in .USA. But shale oil production hae been
contlnued in Estonla (USSR) and Fushun (Red China). |

As ﬁelltanwq_fact, in 1973, crude oil price was increased for 3
eimes in advancé, so promoted countries faced the crisis. For
the reason, development of substituted resources for crude oil
has been accelerated. It is possible to compete with utilisation
of cogl andhoil shale which are placed at a disadvantage in cost
compared with E;u@e 0il. Especially, USA abounded of crude oil
rggou?qe;'bﬁt,ih presént*state_of'affairs ¢rude oil reserves are
going doﬁn.fa_stané point of self-supply energy, SNG production
fro@ coal and synthetic oil from oil shale arq pighlighted again.

Japan has not a lot of energy source hlmself, s0 a view poznt of
having . various’ ‘energy Bource, Janan is studying adbout coal, solar

energy, subterranean heat, tar sand and oil shale (but Japan has

ue tar sand and oil shale).

I 0IL SHALE RESOURCE

Acéordiﬁé @&iDuncan'B definitionz)of the oil shale, the oil shale
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is shale which has minute structure and contains of érganic
mattegiwhjch is puch different by replon, and oil 1s produced
from shale py pyrolysis, . The origin is various according to
produced areas, but mostly remains of fresh-water weed and

seawced would he pile up in the mud, and formed 0il shale.-

Color of oil shele is black, brown, grey, yellow or orange
according to production area, in many cases thin layers are
heaped up and constructed accumulated layer. Photograph of
Fig.q1 shows Thailand oil shale in the ripght hand side and

Americon o©il shale in the left hand side.
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Fig.1 0il Shale Ore

As shown on TaBLE 1, kerogen (organic matter) content is big

‘7‘ r X
different’?in accordance with production area. A stand peint
of the industry, shale which 10~15 gal/ton oil can he produced

by pyrolysis is regard as oil shale. C/H ratio of kerogen is

7«&- :nd bituminous coal is 1315, so kerogen has double hydrogen

comparsd with bituminous coal. It means that oil productiexn

from oil shale is easier than from coal by pyrolysis.

Rescrves of oil shrle are not perfectly investigated, and its

reservec is big chenged with oil content range which would he

considercd as 0il shale. TABLE 2 shows Bureau of Mines data

L
which was presented in 1965 )-
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TABLE 2 RESERVES OF MAJOR PRODUCTION COUNTRIES

- -
R, SN

Countries or Equivalent Crude 0il (MM Bbl)
Region .
Argentina ) : Loo %
Australia (ine. Tasmania) 270 E:
Brazil C 800,000 |
Balkan and Middle FEurope T 3ho
Eurma . 2,000 B
Canada 50,000 b
Chile 20
China : 28,100 -
England . 1,000 L
France : kas :
dest Germany o 2,000
“Israel . - - 20
Jordan o ks
Sicily 35,000
Luxembourg _ 700
New Zealand 560
Congo 100,000
Republic South Africa 130 -
Scotland N 580 ;
Spein ' - 280 |
Sweden - o 2,500 ?.h
Thailand ( ggg ¥
UsA , 2,200,000
USSR ' o ) :
Bstonia and Leningrad 22,000 5
Other Buropean Russia 13,000 iy
Siberia 80,000 L
Totel - © 3,3k0,000 ’
. | (658,193)"

Note:* (Crude oil reserves as Jan. 1, 1976.
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In TABLE 2,‘tqtal shale oil ﬁhich would be produced from more
than, 10 gal/t contained eil shale. 0il shale reservaé are
existed all over the world, but crude o0il and oil sand reserves
sre omnipresent. USA has the biggest reserves of oil shale,
the next is Brazil and the third ig USSR. Total oil shale
reuerves is 930,000 ¥M 11, equlvalent crude 0il, as comparead

with 90,000 MM KL crude oil resérves,, it is almost 6 times.

The 1itératﬁre5) said that oil shale reserves which is including

undiscovery but anticipatory resource of oil shale is 54,000,000
Mi KL equivalent crude oil all over the worl. 1In any event,
enormous resource of oil shale is distributed certainly-all

over the world.

TRE SITTATION OF LEVELOPMENT
ITI." ﬁining

According to oil shale deposit, there are the surface and the
underground mining and moreover an in situ retorting has been

studied mainly in USA..

Green River formation which stretches over Colorado, Utah and
“yoming is 44,000 Km2 and has oil shale deposit which can be
produced 600,000 44 bbl equlvalent crude 0116)’ 7 ﬁahoganv
zone which is along the famous Colorado Valley has deposit of
30 gal/% and the deposit being in existence above 500 m depth
from the ground ourface, 8o experimental digging whlch is the

room and pillar method has been ~operated from 1946 &

It was reported that 2,730 t oilxshalé was produced in Bstonia
region of USSR in 1967, and a half of them was produced by the -

~ surface mining, and another half by the room and pillar method?)

-

it Irati formation which is located in Parana Pr0v1nce. Brazil,
is covered by 30 m tnlckness s0il, so after covered soil is
taken off, the surface mining is carried out and 2,200 t/day

shale is retorted by Petrosix process,

In fusion (China) of former Manchuri, the surface mining of

¢2al was carried out, but 5,400 MM t oil shale is accumulated

above the coal layer. For the coal surface mining, oil shale =

must ﬁe taken off. The oil content of oil shale is only 6%,

501t is poor nre, but the cost of oil shale mining must bg

JAncluded_in the_cost_ef coal mining, consequently the cost of
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oil shale mining is for nothing, furthermore spent 0il shale -
can be used as filler for hole of coal mining?1) Just after
the 2nd world war, Manchuri was taken over by China, and China

continues the oil shale mining.,

In UBa, o0il shale deposit is comparatively deep from the svrface

of the earth, hence the cost of mining is high and the restora-

tion of minining hole by the spent oil shale is required much

money. And a stand point of environment destruction the in

situ retorting would be advantage if efficiency of oil recovery

R e e e

C ot s

was going on effective. In USA, Bureau of Mines, Sinclair oil
and other companies have been developed the in situ retorting H;

about 20 years ago.

III.2 1In Situ Retorting

The 0il shale deposit is artificially fractured by high pressure

air?a) hydrolic powerj3 electric current?h) detonatoer) and

nuclear explosionj3) and fractures is successful in opening ‘ ﬂgtr
passages for gas flow, then dry distillation is carried within : 'th
fractures by combustion of fuel gas or heated hot fas. Sinclair39) q i
process which was developed in 1953 was fractured by high pressure - 4

alr, but gradually passages of gas flow was becoming difficult?a) f ; ??& :

Sureau of Mines study many processe538 how to make good passages ; e
for gas flow, the study carried out by using oil shale deposit :_
model from nearly 1960. As the result of the study, the best
way is that at first the deposit was drilled, then cracks along i
the 0il shale formation were made by electric current, then

cracks are expanded by high pressure air, after that explosive ;

compound was filled up in cracks and passages for gas were P

16) "

made by explosion. Study of nuclear explosion is the cheapest |

way for huge scale fracture but radio-active contamination of .

the earth and water is indispensable and kerogen may be deccom- (5
posed into hydrogen and carbon according to very high tempera- L ﬁ
tnre??) ‘

Recently, the most powerful process is RISE PROCESS. at first,
& conventional horizontal tunnel is made and volume of the
tunnel is about 20% of the ore deposit, then the ore bed of
above tunnel is crushed by explosion, according to explosion
20% of passages for gas are madelg) In this case, o0il shale

which is come ocut by digging the tunnel is dry distillated on
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the ground, Never .i:l'ss 6 ~ 9 b/Bbl o0il is expected to produce
from 0il yield 20 gal/t orc which is in 400 £t thickness ore
deposit. Occidental Petroleum Company has conducted similar
RISE I?ROCESS19) since 1972. Other process, Bquity 01127 has
made field test of the in situ retorting by using steam through
natural passages of gas since 1968, and Bureau of Mines has made
the field testac)of game way since 1970, but there are still
experimental stage. Till the in sitw Aistillation is commercial
operation, technics of making uniform size of o0il shale and uni-
form passages of gas should be developed, and improvement of
product yield by the in situ distillation and effective rate of
mining of reserves resource and other technics should be desolved,

-

I11.3 Distillation on The Ground

Until a recent date, reliable oil reéovery process from oil shale
is pyrolysis of ore on the ground. Experiments of kerogen extrac-
tion by solvent was tested. TFor instance, Thomas used 14 Kg/cma.G
002 for eliminatipn of Ca, Mg, Fe, Al and other matals from

Colorade oil shale, and kerogen wzs concentrated, ash was de
21)
fld

creased to 3%, Same purpose, acetic acid, HCI, HF and etc.
were used%z) Vitorovic and others tested an extraction of kero-

gen by using several organic solvents from Yugoslavianfoil shale,
and they reported that the most effective solvents were cyclohexa~
nol (extraction rate 38.6%), aniline (52.6%), tetraline (32.1%)?3)
Bﬁt, the solvent which can extract 98% yield has not been dis-
covered at present, so the best way for recovery of organic

matter from ore is pyrolysis for the time being.

Guthrieeu} enumeraéed that retort fulfils as following conditions:
(1) continuous operation (2) bigger retorting capacity (3)
Process energy should be self-supplied by perfectly recovery of
waste heat and chemical energy (%) initial cost should be lower
(5) operation should be more simple and casier (6) consumption
water should be smaller (7) wide range of ore grain diameter
could be used efficiently (&) no pellution. 4among these
conditions, (7) is expecially important, the most suitable

size to be retorted is selected from crushed oil shale for

the purpose of stable operation, hence the smaller size

grain must be retorted by another way. ‘hen process of

powdered oil shale retorting is applied, cost of energy for
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crusher would be higher, and when spent oil shale is thrown away,

it is the problem that spent oil shale is scattered.

Types of retort are (1) vertical cylindrical vessel type (2)
rotafy kiln type (%) screw furnace type (4) chamber oven type,
and heating'methods are (a) internal combustion method (b}
external combustion method (c) combination of (a) and (b).

And heat carriers for heating »re cl-ssified into: (4) flue

gas {(B) ecirculation gas (C) sclid heat carrier. At present,
mora thﬁn 10 kinds of retort which are combination of the obove
mentioned retort type, hemting method and heating ecarrier are
used as commercial ‘size plant or test plant. These retorts

are listcd up in TABLES 3. TFour kinds of typical retort which

have actual result cor: explained as follows:

II1.3.1 TOSCO II retort system®)' 100+ 25)

After 0il Shale Gorp. tested for 24 t/day pilot plant, Standard
0il and 6ther cene company organized Colony Development, and he
installed 1,000 t/day plant at Parachute Creek of Piceance
3zsin, and operated till 1947. Then Atlantic Richfield joined
with him and 1,000 t/day field test had been carried out £ill
1972, Fig.2 shows flowsheet of field test.

A rotary kiln utilizing ceramic balls heated in external equip-
ment accomplished the retorting. Conventionally mined oil
shele is crushed to ¥ in or less, and is preheated and pneuma-
tically conveyed through vertical pipes by hot flue gases.from
the ball heater. The preheated shale enters the retort (rotary
kiln) simultaneously with the heated balls, retorting the oil
shale at a temperature of about 900°F (482°C). The mixture is
then passed over a trommel screen to separate the balls for
recycling through the ball healer, and the processed oil shale
is cooled and compacted as a land fill with subsequent re-
vegetation. Compared to the other above surface processes,

the TOSCO II process is highly developed and offeres advantages
of high 0il yield and a product gas undiluted by products of

combustion,

Oxygen does not come in the retort, so oxydized products are
very small, and liquified hydrocarbon yield isg 99%. ‘“Whole

0il shale which is less than 7% in size can be retorted, but
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~ Fig. 2—Tosco IT process. ‘

it has a defect of very high cost of crushing, and the pl.nt
is very cowplicated and movable parts ere too much so many
treubles are come out =nd ceramic balls are worn out.

II1.3.2 Paraho retort®)r 26)

In USA, 0il shale retortings on the ground were developed by
individual organization for several years ago. Afterward, the

Paraho project, a Joint venture with 17 industry sponsors of

9

energy and engineering companies, has been formed to test
modified vertical kiln retorting technics at the government
Anvil Pointe experimental facilities in 1974 and the test plant

capacity is %00 t/day.

The novel feature of the Paraho patented technology is the
injection of combustion =air nt more than onre level within the
bhed of shale. in a counter-flow vartical kiln (Fig.3}. This
feature is ssid to wermit control of the time-temperature
relationship during retorting and also permits lower maximum
bed temperatures than would otherwise be necessary. Zxcapt

for the multiple zoncs for. eombustion, the process closely
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resenbles the gas combustion process developed by ths U2

tureau of Mines,

SHALE VAPORS TO

SHALE VAPOR ‘BIL RECOVERY UNIT

COLLECTING TUBES\

GASBURNER BARS, ‘L i
!

GAS/AIR
¥ MIXTURE

LA 4
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——
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P
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. ORATES i . |
FIGURE4 PARAWQ RETORT i Y X
= H.E BOND i {-
PD72/3 ; ! B
; Fig. 3—Paralo retort, ; : A
. ) . 7

Fig.3 shows thzt gas and air mixture is sent to the retort {1
from separated three spots which are loc~ted below the micddle !

of kiln and flue gas is contacted with shale counter current

as the above mentioued. The upper gas burner produce high

. i ] 1
temperature combustion gas for pyrolysis, the middle gas burner
is for recovery chemicnl energy of burning carbon which is

produced in pyrolysis zone, gas and air mixutre which is injected

to lower is recovered latent haal of spent shale. Grates of .
bottom for discherge of spent shale and separated into 3 g2s '
burners system are patents of Paraho, but detail mechanisms
are unknovn. 3hnle size is wide range of % ~ 3 in, but powder ]
vhich is less thon % in can not be retorted, so it musi be .
retorted by another process. The process is the internal
combustion, thus he1t value of by-product gas is very low.
The gas is only used as own (processing) fucl. Therefore,
the external combustion process is studying at the same tine.
It is said that 11,500 t/day test plant which is based on the
result of 400 t/day plant is plonning.
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IIL.5.5 DPetrowix proce:saa)e 29}

YT, T
[V

Petrobras, Brazil, installed and is operating the semicommere; 1
ereia

plant of 2,200 t/day. The charge stock of o0il shale is producecd

from Irati formation near state of Parana, Brazil. From the
- - 4

semicommercial plant 1,000 bbl/day 0il, 36,500 m3/day of
gagy 17 t/day of sulfur and ammonia are produced, Fig.h
shown the process flow diagrams,

Ti T A

TN i R A

PP

fuel

is

e

The process is very similar

to Prrazho retert construction but it is different that cir

culating gas is heated outside. The feature of external com-

bustion process is that pyrolysis is carried out in retucing
atmosphere so good quality of oil which is not contained

oxydized nroducts is available, and by-product gas has high i
alorie, but carbon on the spent shale is not recovered ang :

powdered oil shale is difficult to retorting.
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III.3. % 565 (Gas Generator shart)?)s 30)

In Estonia, USSR, thefe héve been industries which are utilized
0il shale is still used for town
gas manufacturing and electric power gener=tion. 0il shale
utilization in Estenia side was 18,000,000 t and in Soviet

side was 5,500,000 t in 1970%)
chamber oven type and 604

0il shale for long Years ago.

As the retort 4s m2inly 4GS

of tetal eil shale is retorting by
GGS. Contents of organic matter in Zstonia oil shale is 71-369,
taercfore powdered oil shale is directly fired for boiler of
electric power station, znd fly =sh is utilized for cement and

Juilding materinls.,

125 1550
=
B
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Fig.5 "Gas gené}-ator with the cross-flow heat carrier.
I, Oil shale; 2, ash; 3, steam-air mixture; 4, gas;
S, air; 6, air-gas mixture. |

2GS process is shown in Fig.5. 0il shale is continously
charged from the top, and spent 0il shale is discharged
from the bottom.

chamber which is located in the .middle, and the flue gas is

Air and fuel gas mixture burns in combustion

sent to 2 parts of retort, and the flue gas and o0il shale are

0
cross-flow, and the pyrolysis is carried out at about 8007C.
Carbon on high temperature spent ash is recovered as water gas by

air and steam. The process is very similar with Fushun retort
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c(dn fed China) ﬁkirh uas installed by Japan.

. This proceas is |

~1ntcrnwl combubtloq process, so heating value of gas is low

\A—about 1,000 Koal/a”

shale and 26;~ 3% of 0il is phenols.

' CHARACTERIZATION -OF SIIALE OILj

Characterizations of produced oil and by-producf Eas from 2

kinds of retort are shown in TABLE 4.

and 0il.yield is 15 ~ 16% on charged oil

- rns
IR

(Kcal/NmB)

TABLE 4  CHARACTERIZATION OF PRODUCED OIL AND BY-PRODICT GAS
B.M. Gas Combustion Process>°) | T0sCO 1131*)
0ip - | E
Spcc1f1c GraV1ty ' E 0.927 0,927
(60°F /60°F) ‘ “

Pour Point (° C) % 29.h4

Viscosity (est){(38°¢) | 18.5 (54°C)

'Eiementary Analysis wtia .

c ' _— ' 85.1

H _— 11.6

I 211 1.9

, - 0.8

s’ 0.68 0.9
03} Recovery %. ! 86.2 100
 ASTM Distillation _—

. 18P %0 184 <93
__10 % 258 135
30 % 352 260

50 % 531

Gas
Composition vol%

. 0.2 —

S0

Na 62.2 —_
-1 C0 - 2.6 2.88
co., 25.2 14,33
_ 4.3 33,65
2
S - 2.50
Hydrocarbon . 5.5 - 46.63
Heating value 1,089 7,275







Characterization of produced 0il and gas are changed according

to d;y‘distillation temperature, atmosphere of heat carrier =and
different kinds of oil shalc. In case of internal combustion
process, -oxygen comes in the system so phenols and oxidized
organic matters zare much, and polymerization is carried out
;ccgydingly produced oil is heavier (Bureau of Mine Gas Combustion
Process). In case of external heating of circulation gas, it is
in-réducing atmonphere so oxygen and nitrbgen is 'small in the
produced oil but carbon on the spent ash and latent heat of it

are difficult to recover (TOSCO II),

Charécteristics of Khz2f ji criude are as follows: specific gravity
is 0.886, pour point is -12,5°C, viscosity is 12.4 cSt (50°¢),
ASTM distillation test is Initial Boiling Point (IBP) 26°C, 10%
144°¢, 30% 239°C and sulfur content 2.9%. Comparison'with Khafji
. crude and preduced oil from 0il shale is as follows: Produced
0il from oil shale is (1) high nour point (-4 --349¢), (2) high
nitrogen content (1 ~ 2§%), (3) high oxygen content (about 1%),
(4) high IB® ( 10008), (5) low metal content (example of Usﬁg):
Ni 6,485, V 6.0%, Te 108.0 ppm).

REFINING OF SKALE OIL

Produced shale oil is distillated by atmospheric distillation
unit (topping unit), but sulfur content of each distillate is
very high, because sulfur content of shale oil is very high, for
instant USSR shale oil is contained of 2-3% sulfur and about 1%
nitrogen?a) so sulfur and nitrogen must be eliminaéed. The
retorting of oil shale must be carried out ncar the oil shale
deposit, but it is benefit that produced shale oil is sent to
fefinéry which is closed to consumption region, therefore pour

point and viscosityfof shale 0il must be reduced.

Recently, shale oil refining process which is considering by UBSA,
USSR and Brazil is the separation of light fraction by the atmos-
_pheric'distillation unit (topping unit) at first, then residue

of topping unit is cracked into light fractions and coke by coker.
50,000 BPFD synthetic crude and by-products of 850 t/day ammonia
and. 43 t/day sulfur are produced by Bureau of Mines'process from

- 52,000 BPL shale oil. Characterization of synthetic crude whicg)

is produced by tonning unit sand coking unit is shown in TABLE 5

but example only. Metal coatents of coke are very low, but more

T T o P
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effect1Ve productlon procass of synthetlc crude manufacturm
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" such':as hydrocracklnﬁ (as well as denltrogenatlon, desulfurisza-
’tlon) mist be developed.

A S, WP
A

PABLE 5  EXAMPLE OF SYNTHETIC CRUDE %
.‘ ' . '}
Crude Shale 0dil1 . . Synthetic Crude - 4
0o o - ) . ’ 3%
API~g., S 28.0 - hg.2 N
Pour Polnt C 24 10
[ Content wt . , 0.8 : 0.005
M, Coitent we & . 1.7 1 . 0.035
. Vlscoslty (oUS 38° C) 120 . _ 4o
VI THE‘PQINT ﬁND PROSPECT OF DEVELOPMENT -

It should be pointed out that the manufacture of shale oil,

P
N
e

xprbcessing of mining, crushing, dry distillation, refining
and'sﬁent ash' disposal are necessary. Ratio of energy for
processing’ and energy content in products on TOSCO II process
33}

ds

was estimate Necessity energy fro processing is consisted

“of research and development, plant election, capital cost of

4 e e s e s o
N LRI
A AU - T

. B +

wear.and'tgarﬂ(cdnsumpﬁion) relacted production. Output energy

divided by .input energy is 8.8 when 35 gal/ton shale is mining

by the room and pillar process, capacity is 100, 000 BPCD' and
l20 Years operatlon. The ratio is compared with other energy
production processes as TABLE 6, the developlng of 011 shple

has' a" pood p0551b111ty.

TABLE 76 ENERGY PRODUCTIVITY OF REFINING PROCESSES \

_ Process Qut-put/In-put
.- 01l Production from Off-shore . . 14.9..
0il Shale Dry—dlstlllatlon | ]
' dbove ground N - 8.8
. . under ground . ] ) - 15.0
Tar Sand . \ S 159
Conl (USA Bastern Coal) - - .55 ,
.4

Conl Gasmflcatlon

Secondary Recover in 0il Tleld o 1.9
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As the above mentioned, o0il shale development is worth and

S Yy S T
- e

vy

progressed technology ic practicable, inspite of USSR and China i

5 ST,

R

have' commercial plants, ''est European country has not vet commer— {
cial plants, the reason is because of the high production cost

and environment assessment,

Preduction cost of pipeline grade of synthetic crude and initial
investment are as follows: (Paraho is based on dzta of 200 BPD
test plant).

TABLE 7 PRODUCTION COST AND INITIAL INVESTMENT
Process Capacity Production Cost Initial Investment Remark
BPD ¢/bbl 107%
27) *

Parzho 100,000 11.5 1.2 in 1976

7080 48,000 9.26" 1.0 in 1975

ZRDA 300,000 -~ A planning
completion
in 1985

* pipeline grade

. excluding profit

*owx Estimated initial investment of 50,000 BPD plant was .

0k x 109$, but 3 years later it was going up 1.2 x 1093.

Production cost of shale oil would compete with 13 -~ 15 $/bbl

crude 0il, but initial "investment is very high, thus there are
big risk concerning with crude oil price. In USA, high quality
0il shale is deposited in national property. US government is
negative for release the land because of environmentzal destruc-

tinn. Thus enterpriser can not industrialize according to the

big risk and US government negative. At present, 8 enterpriser
groups have plan of the project, and they endeavor to get in-
demnity for risk from U8 government%7)

In USA, spent oil shale back to shaft is not considered at present, A
spent 0il shale will be disposed to open space, sc water spray and J
afforestation must be neccssary to prevent ash flying. In Bstonia,
U33R, powdered oil shale is burnt directly at clectric pogir

station, and air pdllution of dust and SOx is big problem:

Environment assessment regulation is becoming severe year by year,
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so when oil shalc projcct is realized, countermeasure of

environmentsl nssessment should be unavoidable, thus pro-
‘duction cost of shale 0il should be going up according to

conctruction of environmental A5sessment unit,

Required process water for dry distillation on the grounéd is
3~4 bbl/bbl synthetic crude and for dry distillation under-
ground is 1-2 bbl/bhl synthetic crode. Above mantioned water

muct be secured. And another big preoblem is that pellution

of droinage when water is sprayed on disposed spend shale oil,

F A Bl e A b . o v o g v






26)

29}

30)
3)

LITERATURE

Kirk-Othmer, "Encyclopedia of Chem. Technology", Sec. edition
Interscience Publisher.

Duncan, D.C., 7th “lorld Petrol. Congr., (1967).

Roblngon, “.E., Dinneen. G.U., ibid., 3, 669 (1967).

Schramm, L.!., Lankford, J. D.y U.5, Bur. Mines Bull., 630 11965) .
Duncun, D.C., 3wanson, V.E., U.S. Geol. Survey,‘SEB (1965),
Cameron, R.J., 8th Jorld Petrol. Congr., k&, 26 (1971).

Donnell, J.R. et 2l., 7th World Peirol. Congr., 3, 699 (1967} .
Bond, H.E., 9th “orld Petrol Congr., 5, 48 (1974).

Cieslewicz, ".J., Coloradoc School Mines Quart., 66, (1), 11 (1971).
Bruni, C.E. et al., 8th "orld Petrol. Congr., 4,14 (1971).
Kenkichi Migoguchi, Petroleum Magazine, 18, (14), 266 (1977).
Grant, B.F,, Colorado School Mines Quart., 59, (3), 39 (1964).
Campbell, W.G. et al., U.S. Bur. lines Rep. Inv., 7397 (1970).
Melton, N.M. et al., Colorado School Mines Quart., 62, (3), hS (1967).
Lekas, M.n. et al., ibid., 60, (3), 7 (1965).

Sladek, T.A., Colorado School Mines Quart., Mineral Ind., Bull., 18,
(1), 16 (1975).

Yaylor, R.'!., Lawrence Livermore Laboratory Report UCBL-~51795 (1975).
Lewis, A.E. et al., ibid., UCRL-51768 (1975).

Ridley, R.D., Colorado School Mines Quart., 69, (2), 21 (19?4).
Burwell, E.L. et al,, U.,S. Bur. Mines Rep. Inv., 7783 (1973).
Thomas, R.D., Fuel, 48, (1), 75 (1969).

Hubbard, Ai.B. et al., U.S., Bur, Mines Rep. Inv., 4872 (1952).
v££orovic, D.K. et al., 7th ‘Jorld Petrol. Congr., 3, 659 (1967).
Guthrie, B,, Colorado 3chool Mines Quart., 59, (3), 7 (1964},
hitcombe, J.A., *The TOSCC~II 0il Shale Process" (1975) 0il

Shale Corp.

Paraho, "Prospectus far Full-Size Module" Sohio Petrol. Comp.

et at. (1975).

Yest, J., 0il Gas J., 75, (35), 522 (1977).

JETRO, OVeréeas Information Centre "0il Shale Development
Counterplan in Brazil" (1975).

Sladek, T.A., Colorado School Mines Quart., Mineral Ind. Bull.,

18, (2), (1975).

Ozerov, G.V., et al, 8th Yorld Petrol. Congr., &4, & (1971).

Zdited by the Japan Petroleum Institute "Petroleum Dictionary"
(1966).

Gt M T e s
PRI

i,

el G Kt ] T e e Ao b

At i Ranm e e S 4 ¢

Ao o i e S A T it i

rre s prand .







20

S— S

oA 1 g L i b et

B s L

.

32; Eizen, 0.G. et al., Khim., Tehn. Top. Macel, 1960, 37.

33) Atlantic Richfield Comp., 'Net Inergy and 0il Shale' (1975).

3%} Hendrickson, I.A. Colorado School Mines Quart., 69, (2),
ks (1978},

35) Harak, A.E. et al., ibid., 65, (4), 41 (1970).

36) Matzick, A. et al., U.8. Bur. iiines Bull., 635, 199 (1966).

37) Hill, G.R., Dougan, P., Colorado School Mines Quart., 62,
(3), 75 (1967).

38) TFrost, C.M., Cottingham, P.L., U.S. Bur. Mines Rep. Inv.,
784, 29 (1974).

32) Grant, B,F. Colorado School Mines Quart., 59, (3), 39 (1964).







ATTACH .1

PACHMENT: Mr. M. Znomoto's informatien

In the prosent time, petroleum is onc of the most important row
mterials in producing fucls and petro-chemical nroducts. The
world petroleunm reserves are, however, reported to expire in the
near future. Then, the next available fossil rescurces will be
goal, cil sanéd anéd oil shale. Although we do not have 1 large
rezerve of o0il shale in Javan, there is g large amount of oil
shale throughout the world, As Japan is obligated to assist the
technical developments in utilizing fossil resources owned by
developing countries, we, Petroleum Processing Division, are

carrying out the study on o0il shales from overseas.

in experimental retorting unit was constructed, in which oil shales
from fifferent sources can be pyrolized varying retorting conditions
such as temperature and the atmosphere of carrier gas. The product,
crude »il, is analysed to clearify the relationships between the oil
propertics and retorting conditions. Based on the data, we aim at

developing a new ¢fficient retort.

The main themes in upgrading shale oil are denitrogenation, desulfuri-

zation and lightening of shale cils without the deposition of cerbon.

Presently, we sre carrying out experiments using oil shale from

Thailand and Colorado, USi.

0il shzle retorting system

The batch retorting system (capacity 10 kg/one charge) was constructed
to ebtain such amount of oil shale that various kinds of analysecs are
possible for the evaluntion of the shsle o0il. The retorting chamber,
60 em (midth) x 60 (depth) x 5 (height), heated with electric furn-ce
to the mox. of 800°C, can rutate within the degrees of 180° to

—

facilitate the charging and discharging of oil shale.

Various kinds of gases, such as mitrogen, air and hydrogen, arc
introduced into the chamber to study the effect of a carrier pas

on the ¢il properties.

Some of the data concerning the properties of shale oil obtained,
u3ing the above-mentioned retort in the presence of nitrogen as

a4 carrie$s gus, are given in the following:

T e L,







sources of oil shale Colorzdo Thailand

shale oil properties
0il recovery {(wt§') 10,7 20.1
sp. gr. (50.0%C) 0.867 0.832
Pour point (°C) 25 37.5
Viscemity (cSt) 5.3 k.7
Sulfur content (wt3) 0.79 C.76
Nitrogen content {(wt%) 1.66 0.97
Distillation (wt%)
lower than 200°¢C 10.8 1.0
2007 - 300° 21.2 . 16.7
300° - 400° 26.9 28.9
400°-~ 500° 334 - 3k.s
residual oil 5.7 7.9
loss . 2.0 1.0
Spent shale residual carbon wty 12.4 1241 ‘
By-prodnct gns composition volf Py
K, 22.6 30.8 qf
co ' 7.9 8.5 :
co, 72.8 15.9
HES 1.3 1.0
CHy, 18.3 26.3
02 - 05 1741 17.5
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" Request Technical Ascistance for dew Project :

.

Reguesting agency National Bnergy Administration (NEA) '

Ministiry of Sciences Technology and.Energy.

T

JAPAN;
L ~ .
1. Background L : T _ . ;
} . ) | | %
Petroleum products constituted 82 percent of thé entire | )

- . )
energy consumption in 1978 in Thailand. Total national coms'wption
for betroléum producis-in 1978 vas approximately 11,526 x 10781,

The otructure of petroleum consumption can be classified in mercent

of volume on fotal pefrolcum products consumption in 1978, is as L
- follows o . . ].
diesel oil 3&.oé . RE
fuel oil 34,43 -
motor gasoline 20,03 ; 2
: '. kerosene 2,30 - i
‘ s, k683 1 ﬁ
1P "2.39 I ]
.itn;r;;ent, there are three-local petroleum refineries with ’;}

the combined nominal cﬁfﬁcify'of 165,000 barrels per stream day or
8,643 %" 107K per year, actunl crude oil thruputhas'ﬂﬁa;ooo tarrels
per stream day-o; 9,?50-x.103K1_per.year in 1978, These refineries
are nrivate enterprises and pébduced about 78 percent of the country's
need in petroleunm products in 1§78- In 1978, Thailand spent 795
million US dollars-iorérpde_oil‘and 245 million US dollars for the
imporiéd petroleum producte. ‘The entire amount acgqyn;gd foq 20
pércen&_of the total import value. About 58 percent in value of

the imné;ﬁcd netroleun products was diesel oil. Befere the cnergy . : -
eriais in 1974, the annual growth rate for petroleum products in
Thailend was 16 percent. The demand for petroleum p}oducts'is
inereasing at the grovth rate of approximately 1; percent aqd would
reach 16,863 x 103{1 per year or 322,000 barrels per stream day

in 1980, ’
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Due, to the fact that ths existing refineries are deficit to

P L I P S ]

meet demand, Ehailana is in urgent need of additicnal ref{inery

capacity. If constructiun of expansion of existing refinery and/or

new refinery is comm: ncod Soon, the censtructien nlght be completed H
in 1983 at the earliest. If 50, additional capacity needed might ?
be about 200,000 barrels per stream day in 1983, Therefore,
installation work of expansion and/or new refinery should he ¢

comoenced in urgent,

2., Details of the Project

2.1 Program goal . )

- To set up the optimum plan for inereasing the refinery {

capacity in Thailand over a period of 5-15 years ahead f:)

- To provide the computer program (s) used in the study

- Trdining the counterparts {NE&'s staff) to have the . - E

capabilities to revise or updating the plan and computer programs. ' .

2.2 Project objectivs

The vroject objzctive is to give recommendation to NEA and

provide training facilitics to its staff concerning the optimum plan z

and schedule to increase the refinery czpacity in Thailand. The

Study will jdentify locatiens, processes, crudes, products patiern

and the comparative cash flow of each alternative in order to é:) j}
achieve the most. bencefit te Thailand within 2 period of 5-15 years.

2,3 Conditions exvzcted at corpletion of nrolect

If the study is.completed, the Government will use .the result
of this study as guide linc or setting up 0il refinery policy in the

future,

2.4 Recommended sources of information and dzta

2,4,1 Basic data and information supplied by NEa.

2.4.1.1 3tatistical data of consumption, production,

inpert and export of petroleun in Thailand and others.

2.4,1.2 Historieal demand, orizin and type of crude

0il,
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2.4,.1.3 ?heqppgacity of existing petroleum refinery
jndustries and yield pattern, )

2.4.1.4  The past pattern of demand and supply of
petroleum products, listing individual products.

2.4.1.5~ The past pattern of import and export of

petroleoum products,_listing individual nroducts,

) 2.%.1?6 The consumption pattern of petroleum by i

econonic sectors for the previous 5 years.

. ,

2.4.1.7 Specification of petroleud products required

1

by the laws and aqq}ysis'of_petroleum products in the parket,,

2.4,9.8_ Studies of petroleun product demand ferecast
zade by NEA up to A.D. 2000.

P L T o

'2.4.,1.9 Natural gas sales schedule and heating value, '

LPG production schedule from natural gas and 05+ production scheduls

from natural gas treament unit, not including condensate from gas

¢ men trey e as

rell platform.
co.- 2.4,1.10 Thailand energy consumption.

2.4,1.11 Country aconomic development plan.

e e o

2.5h,4.12 Other information and data.
&, import CIF price of each crude oil.

b, demurrage of crude oil tanker.

c. crude oil import business.

d. oxrefinery price of each petroleum product. X j)
e. import CIF price of each petroleum product. ‘
f. .export FOB price of each petroleum product.

g. petroleum product inport and export business.

J

h. royalty or rental fee of refinéry,

i. existing crude oil unloading facilities.

§. crude tanker size and unloading time at prasent

k. tanker and barge size of water shipping of each

petroleunm product at present.

1. petroleum products terminal location and N

capacity at present.

m. distribution business.







wla

. industraial dater, drinking water, electricity
and 1lcbor cost. .o

0. financial condition in Thailana,

p. depreciation,

q. dimport duty for petrolsum products, construction

materials and ecquipments in Thailand.

r. refund for export petroleum products in Thailand,

s+ tax, fee and reserve for company.
;egistration fee.
municipal immovable property tax.
corporate income tax.
legal reserve.
medical compensation fund,
reserve for retirement allowance.

personal income tax.

t. insurance.

-

construction all risk- insurance
s election all risk-insurance,

fire insurance (all risk cover).

public reliability insurance.

2.4.2 Basic data and information sunplicd by the consultant,

2.4,2.1 Statistical data of consumntion, production,
import and export of petreoleum in the Southeast Asia region, especially,
the present and future refinery capacity in this region should be

supﬁlied by the consultant,

2.4.2.2 Market survey of petroleum product in
Southeast Asia region should be carried and report should he supplied

by the consultant.

2.5 Duration of the nroject : Starting as

from : as soon as possible

to ¢ 18 months later

Sl

2,6 Project site : Thailand
ZfoJect site

. -

v
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2.7 Project work nlan

The feollowing scops of worl must be included in the
feagibilily study, but not limited to what herein describeq,

2.7 Scope und format of the fcasibility revwort,

The feasibility report would be'conprehensive in
scope, giving dwe regards to 2ll asvocts of the most un-to-datea
concepts for determining the feasibility of this project.

2+.7.2 Technical studies for 1st stage,

2.7.2.1 Review the petroleum product demand forecast
and Thailand energy consumption made by Uz,

o

) 2.7:2.2 Detormine the best means of expandin-
refining capacity from the current level,

2.7.2.2.1 By increasing the capacity of the
existiag oil refineries where posazible.

2.7.2.2.2 By building s comnletely new )
refinery related with existing refineries, N

2.7.2.3 Determine the maximum profit refining
capacity,

2.7.2.3.1 Recommggd the suitable types
of crude ojl charged.

2.7.2.3.2 Recommend the maximum profit

refining scheme ineluding the size of process units and auxilizries,

2.7.2.3.3 Recommend the import and export

petroleun products, -
: 2.7.2,3.4 Recommend the most economica)l

erude oil tanker size, .

2.7.2:3.5 Recommend the most reasonable

crude oil reserve,

2.7.2.3.6 Recommend the plant site.

é.?.} Economic studies for 4st stage.
2.?:3.1 Initisl irvestment including unloading and
loading Ticility of grass roots refinery on breakdown,
2.7.3.2 Utilaties conaunnticn_including chemicals,

catalysts and own fuael on brezkdovsn.
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