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1. OPIK

SCALEUP RISK OF DEVELOPING OIL SHALE
PROCESSING UNITS

H. 9IIHK

MACIODTABHBIM PUCK U YBEJUWYEHHE ATPETATHOH
MOIHDHOCTH YCTAHOBOK 1Jid CJIAHUEINEPEPABOTKH

At the 13th Congress of the World Energy Conference- (Cannes, 1986)
the scaleup factors concerning the development of o0il shale processing
and combustion commercial units were criticized-(J. Yerushalmi [1]).
1t was mentioned, that in the U.S.A. the development of synthetic fuel
industry was based on unjustified high-scale enlargement of the retorts
capacity.

For example, the failed 12,800 tons/day -(11,600 t/day) Union B
retort was erected in Colorado in 1983 with the enlargement of the
capacity relative to the pilot unit- (6 tons/day Union B test retort) of
more than two thousand times, with a scaleup factor M = 12,800 : 6 =
— 2.100.

In contrast, the development of internal combustion oil shale retorts
in the U.S.S.R.- (Estonia) and China was mentioned where the capacity
of retorts was increased step by step up to 275 t/day in China- (1959)
and 1,000 t/day in Estonia- (1981).

The paper [1] presents also the Israel’s plan towards commercial utili-
zation of its oil shale resources. This plan is characterized by moderate
scaleup steps.

At the 6th IIASA Resources Conference in Golden, 1981, Mir N. Hey-
dari [2] associated the commercial risk factor of the development of
new oil shale processing units with the scaleup factor of raising the
capacity of the new commercial unit. The author estimated the risk
at 25, 40 and 60 Y%, according to the scaleup factors of the capacity rise:
M=5—11, M = 30 and M = 90—1,300.

In [3, 4] the approximate size (percentage) of the scaleup risk is expres-
sed by the formula

r=alog M- (%), L)

where the value of a, on the basis of the author’s experience in the field
of developing oil shale burning boiler units, is between 15—25, M being
the scaleup factor.

Scaleup Steps in Developing Oil Shale Retorts in China [5]

Fushun-type retort

The operation of the Fushun-type retorts dates back to the period of
Japanese invasion in China. Since 1925, internal heating pyrolysis was
carried out in retorts with an upper pyrolysis section and a lower gazi-
fication section:

1925 — 10 t/day test retort;

the late 1920s — 40 t/day test retort- (M = 4);

1930 — 50 t/day commercial retorts- (M = 1.25);
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1934 — 50t/day retorts were reconstructed into 100 t/day retorts (M = 2);

1939 — retorts of 180 t/day capacity (M = 1.8);

1945 — retorts of 200 t/day capacity- (M = 1.1);

the late 1950s — studies on preheat sections added to single 100 and
200 t/day retorts, increasing their throughput about 30 %;

1959 — commercial retorts with preheating, 275 t/day each- (M = 1.1).

In 1958 pyrolysis tests with gas combustion and the recycle gas as
heat supply were carried out in 10 and 100 t/day retorts. In 1959—1961,
twenty retorts of 100 t/day capacity were reconstructed into the gas
combustion type. The single retort throughput was raised to 110 t/day
(M= 1.1).

In the late fifties, the maximum total output of shale oil including
recovered gas naphtha in Fushun was 0.78 million t per year. At the
same time the amount of thermally processed oil shale was about
16.5 million t.

Maoming retorts

The exploratory study of the pyrolysis of Maoming oil shale was car-
ried out in 10 and 100 t/day test retorts in Fushun in 1955—1956. The
result was similar to that of Fushun oil shale, but Maoming shale dif-
fers from Fushun one in its 10—45 Y% higher heat consumption on
thermal treatment.

The Maoming-type cilindrical retorts with the designed capacity of
160 t/day each- (M more than 1.6) were built in 1968 and put into ope-
ration in 1969—1970 with the throughput of 140— 160 t/day.

A test retort of 30 t/day capacity was built by the Huadian Shale Oil
Company in the early 1958. After a successful run of this pilot unit,
a rectangular gas combustion retort of 200 t/day capacity - (M = 6.7)
was built and put into operation.

Two rectangular gas combustion retorts of diffent capacity were
also built at the Experimental Plant of the Petroleum Industry Com-
pany-(PIC) for commercial scale testing at the end of 1958. In 1961,
two batteries of gas combustion retorts were built. Under normal ope-
ration, the throughput of these retorts was 160—200 t/day, with one-
stream period 310—340 days.

The maximum annual shale oil production of the Maoming PIC was
0.18 million t, with the corresponding amount of processed oil shale
reaching 5 million t.

The data illustrating the development of Fushun-type retorts as well
as Maoming and Huadian retorts in 1925— 1970 demonstrate that their
capacity was raised step by step with moderate scaleup factors
M = 4—10 at the pilot stages and with M = 1.1—2 at the commercial
stages. The development was realized without any essential scaleup
risk. By the formula- (1) the scope of risk was overall less than 10 9%, and
corresponds to Chinese experience.

Other types of Chinese retorts [5. p. 109—112]

Starting from 1967, at the Maoming PIC particulate shale smaller
than 15 mm previously discarded was tested in fluid bed pyrolyse (FBP)
unit of 24 t/day capacity with shale ash heat carrier.

A jalousie-type retort was tested at the Research Institute of Shale
Oil (now Inst. of Coal Research, Academia Sinica, Taynan, Shanxi) in the
late fifties. Its commercial application was not justified.

In the late fifties, a pyrolysis test of shale fines was carried out at the
Coal Research Laboratory, Academia Sinica. As heat carrier ceramic
balls were used.
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Table 1. Scaleup Risk of Major Shale Oil Projects of the Late Seventies
in Colorado and Utah

Ta6auuya 1. MacmTaGHBIH PHCK B MPOEKTax KoHma 70-x rr. mo mepepaborke
ropounx ciannes B mratax Koaopamo m I0ra (CIIA)

Project Annual oil Retort Oil shale throughput, Scaleup Scaleup
production = t/day factor  risk,
target, million type M %
t/year Demon- Proposed

strated scale
scale
Cathedral
Bluffs
underground 2.7 by 1991 Oxy MIS 1,460% 2,100 1.5 5

Colony 2.3 by 1986 TOSCO II 900 10,000 11 15—25

Long Ridge 2.5 by 1990 Union B 54 11,600 2,100 50—85

Pacific 2.5 by 1991 Superior 227 20,000 88 30—50

Sand Wash 2.5 by 1988 TOSCO II 900 10,000 11 15—25

Rio Blanco:

aboveground 1.3 Lurgi 151 4,000 370 40—65
underground 2.5 MIS 150 2,100 14 20—30
3.8 by 1990
White River 5.1 by 1990 Paraho 227 6,800 30 1
or 20—50
Superior 227 7 20,000 88.:.)
Paraho-Ute 1.5 by 1990 Paraho 227 6,800 30 20—40
22.9 by 1991 25—40
Cathedral
Bluffs
aboveground 2.1 by 1991 Lurgi (?) 11 7,500 (?) 690 45—170

* 0il recovery was 63 % of predicted oil yield which was based on test retort 3E data:
Oxy MIS 3E 60 2,100 35 25—40

Scaleup Risk of Developing Colorado and Utah Oil Shale
Retorts in the Late Seventies [5—7]

Table 1 presents the scaleup factors and the scaleup risk calculated by
the formula- (1) for major projects from the late seventies, aimed at
developing o0il shale syncrude industry in Colorado and Utah.

The total investment of the projects, planned to start in 1985— 1991
(presented in Table 1), was approximately US $30 billion- (in 1980 cur-
rency) with an average scaleup risk of about 25—40 9% - ($8—12 bil-
lion). These projected plants, some under construction, were to employ
giant retorts, each capable of processing thousands of tonnes of oil
shale daily.

In the seventies, very high crude oil prices were predicted by the end
of the century: $300 per tonne (t) or $42.50/bbl- (in 1980 value) as mini-
mum. For that time, the medium scenarios forecasted an annual shale
oil production of about 100 million t in the U.S.A. Against such a
background, the total scaleup risk of the projects to be realized in
1985— 1991, was not more than 5—10 % of the annual shale oil syncrude
production forecasted by the end of the century.

But rising costs and a slump in crude prices have dealt a blow at
synthetic fuels industry. With one exception, none of the projects,
listed in Table 1, has been realized. In construction status there were
three significant projects: Cathedral Bluffs underground: (MIS), Colony
and Long Ridge. The only exception, the Union’s Long Ridge project
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in Parachute Creek was realized with the erection in the late 1983
a single Union-B-type retort- (the first of 10—15 retorts planned by the
end of the century). The single retort was designed to process 11,600 t/day
of oil shale and to produce 10,000 bbl/day- (1,390 t/day) of raw shale
oil and had the highest scaleup risk factor-(r = 50—85 %) among the
other projects. The Union was awarded a products purchase contract by
the Department of Energy under the Defense Production Act. According
to the contract, the Union had to deliver 7,000 bbl/day of diesel and
3,000 bbl/day of military jet fuel to the Department of Defence for a
federally guaranteed price of $42.50/bbl, indexed for inflation for
7 years.

But after startup trials for over two years, the Union’s plant was shut
down for five months to solve technical problems. The retort’s shale ore
throughput in 1987 averaged 55 % of planned capacity. Cumulative
synthetic crude oil production was about 83,400 t, which is approxi-
mately 20 % of the planned capacity of the retort.

The experience at the Union’s plant demonstrates that the rate of
the scaleup risk may really be in logarithmic dependence on the scaleup
factor.

The fate of the large Union B retort is similar to that of the Esto-
nian oil shale 2 X 3,000 t/day retorting plant using the retorted shale
as a solid heat carrier- (known also as the Galoter process).

Examples of Moderate and Unwarranted High Scaleup Risks
of Oil Shale Processing Units in the U.S.S.R.- (Estonia)

Internal heating pyrolysis retorts [3, 8]

Internal heating pyrolysis retorts for processing Estonian oil shale- (cal-

led also ’'gasifiers’) were developed step by step during 70 years:

1921 — first internal heating Pintsch- (Germany) test retort with shale
ore throughput of 8 t/day at Kohtla-Jiarve;

1925 — first commercial 33—35 t/day retorts- (M — 4) at Kohtla-Jarve
plant;

the 1930s — new 40—42 t/day retorts- (M = 1.2);

the 1940s — 100 t/day test retort- (M = 2.5) at Kohtla-Jarve plant;

the 1950s — 90—115 t/day retorts- (M = 1—1.2);

the 1960s — 115—180 t/day retorts- (M = 1.3—2);

the 1970s — reconstruction of existing 190—200 t/day- (M = 1.1—1.7)
retorts employing on gas combustion and heat carrier rectan-
gular flow;

1981 — internal heating gas combustion and rectangular heat carrier
flow commercial test retort designed for concentrated shale ore
throughput of 1,000 t/day-(M = 5—6, r = 10—20 %) and raw
shale oil production of 180 t/day. In 1981—1982, the capacity
of 800—900 t/day was achieved;

the late 1980s — commercial retorts of 1,000 t/day at Kohtla-Jérve plant.
The 1,500 t/day retorts- (M = 1.5, r = 8—5 Y%,) are in construc-
tion stage.

Retorting with spent shale as solid heat carrier [3, 9]

The pyrolysis of oil shale fines with the spent shale as a solid heat car-
rier- (the Galoter process) was also apparently developed step by step:
1949—1956 — pilot scale step with oil shale throughput of 2.5 t/day;
1954 — industrial test retort with the capacity of 200 t/day- (M = 80);
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1964—1973 — commercial test retort of 500 t/day-(M = 2.5). During
this period the retort’s shale ore throughput averaged 100 Y%
of planned capacity, the cumulative raw shale oil production
was 182,100 t. But the quality of the oil- (mineral ash content)
as well as of the spent shale- (water soluble sulphides content)
did not meet their quality requirements;

the 1970s — projects of annual processing of 50— 70 million t of Estonian
and Leningrad oil shale by solid heat carrier retorts with the
daily throughput of a single retort 3,000 and 10,000 t;

1980 — the first step of a commercial test plant with the throughput of
6,000 t/day-(M = 12); the first retort of the plant, with the
planned capacity of 3,000 t/day- (M = 6);

1982 — the second retort of the plant, with the designed capacity of
3,000 t/day- (a copy of the 1980’s retort).

In spite of many reconstructions for solving technical and environ-
mental problems, the maximum annual cumulative throughput of the
plant with the planned annual throughput of 1.9 million t of shale, was
only 369,000 t in 1989. Cumulative raw shale oil production - (mostly
unconditional oil) was 42,800 t.

The maximum annual throughput of a single retort was 230,000 t
which is about 25 % of the planned annual capacity.

Retorts No. 1 and No. 2 of the plant were in operation alternatively.
The daily throughput of a single retort in operation was near to the
planned capacity: between 2,800—3,000 t-(in 1989 average throughput
was 2,880 t/day).

But long standstills between the runs for cleaning the systems from
ash deposits as well as other technological and economical factors
and operation personnel problems reduced the in-operation-time and
the average annual capacity of the plant to the level of 20— 25 % from
the designed capacity- (Table 2).

The reason, why the enterprise with two 3,000 t/day retorts failed
by such moderate scaleup steps as M = 80- (step from pilot scale at the
demonstration stage), 2.5-(step at the first commercial stage) and 6,
was the incomplete development of the technology at all the steps. The
problem of the spent shale finest dust particles removal from the oil
vapours before the condensation section was not solved at any stage of

Table 2. Operation Time and Production of 3,000 t/day Solid Heat Carrier
Retorts in Estonia during 1988—1989

Tabruya 2. IxcnayaTaguonnasie nokasarenn ¥y TT-3000 (dcronns) 3a 1988—1989 r.

Year Retort No.

il 2

Operation time, h 1988 973 1,719
1989 1,953 1,142
Processed shale, t 1988 107,000 204,000
1989 230,000 139,000
Average throughput of shale, t/day 1988 2,640 2,850
1989 2,850 2,920
Production of raw shale oil, t 1988 12,400 24,200
1989 25,000 17,800

Average yield of raw shale oil:
t/day 1988 310 340
1989 310 370
bbl/day 1988 2,250 2,460

1989 2,250 2,680
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development. The problems related with the spent shale and environment
remained unsolved either. Therefore the apparently moderate scaleup
steps did not lead to the introduction of the real technology, and some
important and determining parts of the 3,000 t/day units- (e. g. the dust
remova! system and the thermal handling of processed shale in the air-
blown firebox into heat carrier and refuse ash) were built at a level lower
than that of the pilot plant. Consequently, the real scaleup factor of the
units was over M = 80 X 2.5 X 6 = 1,200 with a scaleup risk up to
75 Y% and more.

Summary

The experiences in oil shale processing in three large countries, China,
the U.S.A. and the U.S.S.R. have demonstrated, that the relative scaleup
risk of developing oil shale processing units is related to the scaleup
factor.

On the background of large programmes for developing the oil shale
industry branch, e. g. the $30 billion investments in Colorado and Utah
or 50 million t/year oil shale processing in Estonia and Leningrad Region
planned in the late seventies, the absolute scope of the scaleup risk of
developing single retorting plants, seems to be justified.

But under the conditions of low crude oil prices, when the large-scale
development of oil shale processing industry is stopped, the absolute
scope of the scaleup risk is to be divided between a small number of units.
Therefore, it is reasonable to build the new commercial oil shale pro-
cessing plants with a minimum scaleup risk.

For example, in Estonia a new oil shale processing plant with gas
combustion retorts projected to start in the early nineties will be equip-
ped with four units of 1,500 t/day enriched oil shale throughput each,
designed with scaleup factor M = 1.5 and with a minimum scaleup risk,
only r = 2.5—4.5 %,.

The oil shale retorting un1t for the PAMA plant in Israel [1] is plan-
ned to develop in three steps, also with minimum scaleup risk: feasibility
studies in Colorado with Israel’s shale at Paraho 250 t/day retort and
other tests, demonstration retort of 700 t/day and M = 2.8 in Israel,
and commercial retorts in the early nineties with the capacity of about
1,000 t/day with M = 1.4. The scaleup risk of the PAMA project
r=2—49% is approximately the same as that in Estonia.

The knowledge of the scope of the scaleup risk of developing oil shale
processing retorts assists on the calculation of production costs in
erecting new units.

PE3IOME

Ha XIII xonrpecce MupoBoii suepretuueckoit konbepennuu (Kamn, 1986) mpob-
JjieMaM IepepaboTKM M CXKUraHUA IOPIOYHMX CJIAHLEB OblI mocBAmeH mokaan [1],
B KOTODOM IIOABEPrjach KPUTHKE NMPAKTHKA HEKOTOPHIX (GUPM, pa3BHBAIONIUX 000-
PyJAoBaHuE IJI TEePMUYECKOH mepepabOTKHU CIAHIEB C Ype3BBIYAHHO BHEICOKMMH
MacmTabubiMu akTOopaMu M, TakuUM 0o0pa3oM, C HEONpaBAAaHHEIM PHCKOM. B ka-
YeCcTBe IPOTHBOIOJIOKHOIO, TO €CTh yAAYHOrO, ONBITA B JOKJAJe yKaszaHO Ha
MIOCTEIIEHHOE IIOBBIMIEHWE MOIIHOCTH CJIAHIEBEIX PETOPT BHYTPEHHErO0 TOPEHHS
(rasoreneparoproro Tuma) B CCCP u Kurae — 10 IPONYCKHOH CIOCOGHOCTH
1000 T cnannes B cyTku B dcronuu U go 275 tv/cyr B Kurae (®ymyns).
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Cpasp macmTabHOoro daxropa M u macmrabHoro pucka r paccMorpeHa B [2—4].
IlpexnoskeHa mpubauxkeHHas Gopmysa, uMenmas BUJ Jorapudmudyeckoi 3aBu-
CHMOCTH BeJHYHMHBI PHCKa OT MacmrabHoro gaxropa

r=a log M (%), (1)

rge, Mo OL€HKaM aBTopa, KoaddumuenT a pasern 15—25.

B Kurae mpu pasBUTUH CJIAHIEBHIX DETOPT BHYTPEHHETO TOPEHUS B IIEPHOJ,
¢ 1925 mo 1970 r. macmTabubii pakTOp OB CIEAYIOMIMM: AJISA ONBITHBIX PETOPT
M = 4—10, gna npomeimieHHBIx M = 1,1—2. B r. ®ymyns B KoHume 50-x rr.
B TaKMX peTopTax mepepabarTeiBanu xo 16,5 MiH. T ciaHIEB B I'of, mojydasi A0
0,78 MuH. T/rOA CIaHIEBON CMOJIBI, & AJIS 3aBOAOB B I'. Maomun B Havamue 70-x rr.
3THU IIOKA3aTeJIH COCTABJIAIN COOTBETCTBEHHO 5 MJIH. T/rox ciaaHues u 0,18 Miu. T/rog
cMoxEl [5].

Takum o6pasom, B Kutae ciaanmemepepaboTka pa3BHBaJiaCh ¢ MHUHUMAJILHBIM
MacmTabGueIiM puckom — Menee 10 % mo dopmyxe (1).

B CIIA B xonme 70-x rr. B mratax Kosopago u IOTa, kak BuaHO u3 Tabn. 1,
OBIJI0O HAYATO OCYIECTBJIEHHWE TUTAHTCKOM IpPOrpaMMBI, COIJIACHO KOTOPOM IIpO-
HM3BOACTBO CHHTETHUYECKOM HEe(PTH U3 CIAHIEBOM CMOJBI B Hadase 90-X Ir. JoJXKHO
OBLJI0O IIPEeBBICUTHE 23 MJH. T B roA. A AOCTHYKEHHS 3TOM 1€ MOHALOOUIHUCH
KAIIUTAJIOBIOXKeHHA nopagka 30 MJIpA. ZOJUIAPOB CO CPEJHUM MaCUITaOHBIM DHE-
KoM 1o dopmyise (1) 25—40 %, uau oxono 8—12 mupx. monnapos. OgHAaKO mMoOCie
pe3Koro mazeHus uneH Ha HedTh B Hauyanme 80-X IT. U3 IMEPEUYUCIEHHHIX B Tabm. 1
IpOEeKTOB 10 pabodero cocroduusi Obln goBemeH yauinb npoekT B JloHr Pupixe.
Bce apyrue, B TOM 4YHCJe ABa B CTaJWU CTPOUTEJHCTBA, OBIIM NPHOCTAHOBJIEHEI.
B xonme 1983 r. B Jlonr Pupikxe OBLIO 3aKOHYEHO COODYXKE€HHE DETOPTHI THIIA
HOuuon B [6], xoTopas cpeau ApYyrux HaMeYeHHBIX JIJIs CTPOMTEIHCTBA BEIJE-
JsieTCA CaMBIM pPE3KHM MacmTaOHbIM yBenudeHueM (M = 2100) m MakcuMaJib-
HBEIM MacmTabHBIM puckoM (r = 50—85 %).

B 1987 r., mocyiie psga PEKOHCTPYKIWH, MOIIHOCTH 3TOM PETOPTHI COCTaBUJIA

aums 55 % OT HOMHHAJBHOM/IPOEKTHOH, a rofoBasd NMPOAYKIUSA CHHTETHIECKOH
"Heptu — Bcero 18 % ot mpoexTHO# [7].
B CCCP (9cronua) peTopThl ¢ BHYTPDEHHUM ropeHueM (rasoreHepaTopsl) [8] B me-
puox ¢ 1921 mo 1981 r. pasBuBaiu ¢ HEGOJNBIIUMH MAaCIITAGHBEIMH CKaYKaMH
(M = 2,4—4 na onuTHBIX 3TamaX, M — 1,1—5 B IPOMBINIJIEHHBEIX YCJIOBHUAX),
npu MacmTabaom pucke He Gonmee 10—20 %. IIponyckHad CIOCOGHOCTE B Hadale
80-x rr. Boadpocya mpu 3ToM ¢ 8 1o 1000 T/cyT. B To e BpeMs, HECMOTPA HA yMe-
perHbsle MacmrabHele ckauyku (M — 80 mpu mepexoze OT NHJIOTHOW YCTAHOBKHU
K JeMOHCTpanuoHHO#, M — 2,56 u M — 6 Ha NpPOMBIIIJIEHHBEIX 3Talax), COOpY-
JKeHMe M IyCK YCTAHOBKHM C TBEDPJABIM TEILIOHOCHUTEJIeM [JisA IepepaboTku ciaf-
I[eBO# MeJIOYM OKazasuch HeyzauaeiMu. B 1980—1982 rr. B skcmyaTamuio Gblau
cpausl e YTT-3000. Oguako mo 1989 r. rogosasi mpOMyCKHAsl CIOCOOHOCTH IIO
CJIaHIly OLHOM M3 PETOPT TaK MU He mpeBuicuya 25 % oT mpoekTHOM (Tabn. 2), xoTa
IIDOEKTHAS CYTOYHAS IPOM3BOAMTEJBHOCTH OBLIA JOCTHUrHyTa. lIpuYuHAMH He-
yAadu CTaJid, C OJHOW CTOPOHBI, HECOBEPIIEHHEIE TEXHUYECKHE DEeIleHHUs Ha BCEX
sTamax pas3paboTKu NmpoOJIeMEBI OTAEJIEHHS MEJKOH NIBLJIM OT [aporasoBoi cMecH,
BBIXOAAIIEH M3 pEeaKTopa, a C APYrod — HeZOyYeT HMJH HMIHOPUPOBAHHE COBpE-
MEHHBIX 3KOJIOTHYECKHX TpeGoBaHUM K KaYeCTBY OTPaboTaHHOrO TBEPAOro OCTATKA.
Takum o6paszom, peanbHbli MacmTabubli dakTop ansa YTT-3000 oxazanca Gosib-
Ile, 4YeM yBeJIWdYEHHEe IIOCJI€ MUJIOTHOM cTajguu, T.e. Oospme yvem M = 80 X 2,5 X
X 6 = 1200, npu macmTabuom pucke 6Gomee 75 %.

IlpeacraBieHre O BeJWYWHE MACHITaGHOrO pHCKa INOMOJYKET B OIpPeAeIeHUH
IpeAnoIaraeMoi ce6eCTOMMOCTH MPOJAYKIMM HOBBIX DETOPT.

OnsIT pa3BuTHA mepepaboTKHU ClIaHIEB B TpexX OOJAbIIMX CTpaHAX IIOKA3LIBAET,
YTO NpU HUBKHUX IeHaX Ha HepTh pas3BuTHe ciaHIenepepabaTeIBaOIIedl Ipo-
MBIIIJIEHHOCTH I€JIec006pa3HO TOJNBKO C MHHHMAJBHBIM MAaCIITAOGHBIM DPHCKOM.
BBujy HeGonbmux 06bEeMOB NIPOU3BOACTBA HEJIB3A OXKUAATH OOJIBIIOrO BRIUIDHIIIA
B CiydYae, eCH DHCK OKaXXeTca omnpaBzaHHBIM. Coopy’keHue HOBBEIX 3aBOJOB IIO
nepepaboTKe CyaHIEB B OCTOHMM U V3pawie NpeAyCMOTPEHO C MacIITaGHBIM
daxropom M = 1,4—1,5 u macmTabusIM puckoM He Gosee 2—5 %,.



Baleup risk of developing oil shale processing units: I. Opik 74
Macwrabubiii puck daa ycranosox no nepepaboTke caanya: H. dnuk

REFERENCES

1. Yerushalmi J. Development of synthetic fuels and Israel’s plan towards com-
mercial utilization of its oil shale resources // 13th Congr. World Energy
Conf.: Paper 4.2.2.8. Cannes, 1986.

2. Heydari Mir N. Selection of appropriate technology for oil shale develop-
ment based on a comparative analysis of surface retorting process // 6th
ITIASA Res. Conf. Golden, 1981.

3. Onukx H. II. TlpobreMBsl pHCKa NPH BHEJDEHUH AOCTUKEHHH HAYKHM B IIPOM3-
BOJICTBO: IPHMepHI M3 06J1acTH sHepreTHKu U nepepaboTku ciaHues // I'opio-
uype caannnsl. 1987. T. 4, Ne 2. Opik I. P. Problems of risk in introducing
achievements of science: on an example of the oil shale industry // Oil Shale.
1987. V. 4, No. 2.| -

4. Opik I. Uber das Risiko bei der Uberfiihrung von Forschungsergebnissen
in die Praxis und bei einer Massstabsvergrosserung der Anlagen // Proc.
Acad. Sc. ESSR. Social sc. 1988. V. 37, No. 2.

. Hou Xianglin. Shale oil industry in China. — Beijing, 1986.

. Williams B. Union’s oil-shale plant still due start-up next year // Oil & Gas J.
1982. June 28.

. Knutson C. F., Dana G. F., Solti G. et al. Developments in oil shale in 1987 //
AAPG Bulletin. 1988. V. 72, No. 10B.

. Yefimov V. M., Volkov T. M., Petukhov E. F. and Rooks I. K. Thermal pro-
cessing of lump oil shale: the Kiviter process // Oil shale processing techno-
logy.

9. Snux H. II. BakHelIlue ONBITHBIE, NIPOMBIIIJIEHHBIE H JAEMOHCTPAIMOHHEIE

YCTaHOBKH AJisA nepepaboTku roprouux ciaanues // Uss. AH 9CCP. Xum. 1983.
T. 32, Ne 2.

0 =N Oowm

Estonian Academy of Sciences Received
Tallinn 13.06.90
Axademus Hayx ICTOHUUL ITocTynuna B pefaKIuIO

2. Tanaunu 13.06.90



