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ELECTRICITY OR OIL FROM ESTONIAN OIL SHALE —
AN OLD PROBLEM

H. II. JIIHK

CTAPAdA NIIPOBJIEMA: 3CTOHCKHE T'OPIOYHUE CJAHIIBI —
CHHUTATH UJIN IIEPEPABATBIBATH?

Since the foundation of the oil shale and shale oil industry in Estonia
in the early twenties there has been disputable the question, what will
be more profitable — combustion of oil shale to generate electric power
or processing it to get oil and gas.

The oil shale utilization in Estonia has been developed in both direc-
~ tions, although between the 1960—1975 the generation of electricity
was preferably enhanced. The energy prices in the U.S.S.R. which deter-
mined the sale of Estonian shale products at the post-war period were
conventional and did not express the real export values of electricity
and shale oil in the Baltic region.

This review presentes a comparison of values of Estonian oil shale
products with the import prices of fuel and electricity in Finland during
the period 1960—1989. As Finland is situated in the neighbourhood
of Estonia it can be regarded as a potential consumer of electricity which
can be transferred by DC-link across the Gulf of Finland as well as shale
fuel oil can be transported by tankers.

Unupgraded Estonian oil shale has on the average a water content
of 9.5 %, lower heat value 8.6 MJ/kg and the laboratory oil yield from
dry shale (Fisher Assay) 18.2 wt.%. The average price of Estonian oil
shale in 1991 is SUR 16.7 per tonne.

Net production of electric power with 200 MW units (steam pressure
135 at, temperatures of steam preheat and reheat 775—790 K) is 0.65 MWh
per tonne of burnt oil shale. Commercial oil yield from the similar oil
shale by retorting is on the average 130 kg raw shale oil per tonne of
retorted shale.

Estonian shale oil without the expensive upgrading is not to be used
as synthetic crude oil (syncrude) in existing oil refineries. Because of
the high summary content of oxygen, nitrogen and sulphur compounds
in the raw shale oil the treatment costs of upgrading will be very high,
estimately more than US$ 10 bbl. Therefore the shale oil is not sold
as a synthetic crude but is used without the upgrading for specific
purposes. The raw shale oil, for example, after separation of the
gasoline fractions (3—6 wt.% from the oil of internal combustion retorts,
10—16 wt.% by retorting in indirect heated units) gives fuel oil of
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Shale oil, also electric power from 1 t Estonian oil shale evaluated in heavy fuel
oil and electricity import prices in Finland during 1960—1989
CroummocTs BhIpaGaThiBaeMbIX B3 1 T 3CTOHCKOro CJIAaHIA-KYKEpPCHTa 3JEKTPO-

3HEPIru¥ ¥ CJAHIEBOH CMOJBI B IeHaX MMIopTa B OHHIAAHIAIO COOTBETCTBEHHO
3JIEKTPOPHEPrHH H TONOYHOro mMasyrta B mepmop 1960—1989 rr.

Year Arabian light crude oil official world- Average import price
in Finland, FIM

market price

(1 bbl = 0.138 )

Value of the
production,
FIM, from 1t

Crude  Heavy Electric oil shale as:
$/bbl FIM/$ FIM/t oil, fuel oil, power,
per/t per/t per/MWh 0.13 t 0.65
fuel MWh
oil electric
power
1960 1.86 3.207 43 63 69 15 8 10
61 1.80 58 60 11 8 1
62 1.80 56 56 — 7 —
63 1.80 54 51 6 7 4
64 1.80 51 48 6 6 4
1965 1.66 3.223 39 51 50 7 6 5
66 1.53 49 48 8 6 5
67 1.50 51 53 10 7 7
68 1.45 63 67 11 9 7
69 1.40 64 60 22 8 14
1970 1.35 4.180 41 65 62 20 8 13
71 1.75 4174 53 86 80 23 10 15
2 1.90 4.146 57 89 80 21 10 14
73 1—6 2.17 60
7—12 310 3.816 86 110 95 28 12 18
74 1—6 9.12 249
7—19 10.00 3.774 274 327 261 54 34 35
1975 10.46 3.679 279 320 244 30 32 20
76 11.51 3.864 324 350 265 50 34 32
77 1—6 12.09 353
7—12 12.70 4.029 371 400 313 69 40 45
78 12.70 4.117 379 412 324 74 42 48
79 1—6 14.81 418
7—12 20.86 3.896 589 583 524 77 68 50
1980 1—6 27.99 757
7—19 20.77 3.730 561 903 685 84 88 55
81 1—6 32.75 1024
7—19 33.58 4.315 1050 1156 880 92 114 60
82 1—6 33.62 1174
7—19 33.40 4.820 1167 1169 932 95 120 62
83 1—6 34.00 1372
7—12 29.00 5.570 1170 1219 1064 91 137 59
84 29.00 6.100 1282 1270 1195 98 154 64
1985 1—3 29.00 1304
412 28.00 6.206 1259 1252 1040 106 134 69
86 28.00 5.078 1030 681 473 105 61 68
87 1—3 21.10 673
4—12 17.52 4,404 559 596 515 99 67 64
88 17.52 4.191 532 455 392 88 51 57
89 17.52 4.295 545 573 475 85 62 55
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quality with 0.8 % sulphur and low vanadium contents and the pour-
point temperature about —15 °C. Its minimum price is on a level with
that of the high-quality heavy fuel oil derived from the crude oil. There
exist also shale oil constituents that are not used for combustion but
are sold at higher prices than fuel oil.
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Export value of two kinds of production from 1 tonne Estonian
oil shale calculated in Finnish average annual import prices: (1) —
0.13 tonnes shale oil as heavy fuel oil; (2) — 0.65 MWh electricity.
2000—2025 — based on the prognosis of the Ministery of Trade and
Industry, Finland [2]

OKCIIOPTHAA CTOMMOCTBH IIPOAYKTOB, MOJIy4aeMBIX M3 1 T BCTOHCKOIO
CIaHIA-KYKePCHUTa, BhIpayKeHHAasd B CPEJHErOLOBHIX ILEeHAX (UHCKOTO
umnopra: I — 0,13 T caaHIEBO# CMOJIBI KAaK TOIOYHOI'O MasyrTa; 2 —
0,65 MBr-u anexrposmeprum. 2000—2025 rr. — maHHEIE 6a3UPYIOTCS
Ha HFZO]PHO% MuHnucTepcTBa TOPrOBJIM U TPOMBIIIJIEHHOCTH OUHJIAH-
pi87478

The Table below is compiled on the data of the “Finnish Energy
Statistics” and is presenting the Finland’s import prices of crude oil,
heavy fuel oil and electricity for the period of 1960—1989 and cor-
responding prices of 0.13 t heavy fuel oil and 0.65 MWh of electricity,
both produced from 1 t Estonian oil shale. The data given in the table
are plotted in the Figure.

Up to the end of the seventies the electric power generated from Esto-
nian oil shale by its combustion (0.656 MWh/t) was evaluated much
higher than the oil (130 kg/t), yielded from the same amount of oil
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shale. At this period two large power stations were built in Estonia for
the direct combustion of oil shale in pulverized condition, both with the
capacity of 1.6 GW. The foundation of oil shale plants was stopped
except the pilot retorting plant in Kivioli — a solid heat carrier retort
UTT-500 with oil shale throughput 500 t per single day (TPSD).

Notable for this period are the R&D carried out for utilization of
shale oil and the products from it as basic material for chemical engi-
neering.

The crude oil high-price period during 1979—1985 was too brief for
the shale oil industry to rise it considerably from its state of depres-
sion. During this period two UTT-3000 (3000 TPSD oil shale capacity)
retorting units were installed at the Estonian Thermal Power Station
and a pilot internal combustion retort with the capacity of 1000 t up-
graded oil shale per calender day (TPCD) in Kohtla-Jarve [1]. Two new
retorting plants were also designed: the 6th plant with two 1000 TPCD
retorts and the 7th plant with four 1500 TPCD retorts in Kohtla-Jarve.
The 6th plant is in operation at present, but the 7th is still under con-
struction. Expansion of electricity generation by direct combustion of
Estonian oil shale did not take place.

In the late eighties after the slump of crude oil prices the values of
0.65 MWh electricity and 0.13 t fuel oil, produced from 1 t oil shale
were equalized.

Some prognoses of the Ministry of Trade and Industry of Finland [2]
are predicting increase of prices for heavy fuel oil (61 %) and electrisity
(18 %) when comparing the price levels of 1988 and 2025. The prices
for electricity will rise slowlier while hydroelectric and nuclear power
plants give great share of energy in the interconnected Nordic electric
power system “Nordel”.

The prices of heavy fuel oil (sulphur 3.0 %) are the lowest level for
Estonian shale oil (sulphur 0.8 %, vanadium 0.0002 %, pourpoint —15 °C)
prices. But its real value is much higher, particularly when marketing
specific shale oil products — refined destillates, resorcinols and their
products, impregnation oils (antiseptics, water repellents), ingredients
of mastics a.s.o.

PE3IOME

OpHOBpEMEHHO ¢ 3apokaeHueM B Hauase 20-x rr. ciaaHmenoObIBaIOmIE U caaHIE-
nepepabaThEIBAIONIEl MPOMBIIIJIEHHOCTH B OCTOHMM BCTAaJl M BOIPOC O TOM, 4TO
BBITOJIHEE: CIKUraTh KYKEPCHUT, YTOOBI IIOJYyYaTh TEIJIOBYIO HJIM 3JIEKTPUUYECKYIO
9HEPruio, WJIH IOABEPraTh ero TepMHYECKOH IepepaboTKe AJISA MOJYYEHUS CJIaH-
LeBOM CMOJIBI M rasa. JTOT BOIPOC HE yTPATHJ aKTYyaJbHOCTH ¥ IO Cei IeHb.

OnHaxko HaWTH-OTBET HE TaK-TO IPOCTO, NMOCKOJBKY I€HEI, II0 KOTODPHEIM 9CTO-
HUSA INIPOZaBajia CBOIO 3JEKTPOIHEPTHI0 ¥ IPOAYKTHI CIaHIEnepepaboOTKU Iocie
Bropoi#i MupoBO# BOWHEI, Kak u 6GOsbmIas yacTts neH B CoBerckom Corose, Oblam
BeChbMa YCJIOBHBIMH K HE COOTHOCHJINCH C DPEAJbHOM CTOMMOCTBHIO 3THX TOBAPOB
B Banruiickom perumose.

B ny6iukyeMoM 0630pe IeHBI HA 3JIEKTPOSHEPTHI0O W CJIAHIEBYIO CMOJIy B BHIE
TOIIOYHOT'O Ma3yTa COINOCTABJISIOTCA CO CPEAHEroJOBEIMH IEHAMH, IO KOTOPBIM
PUHIAHAUA UMIOPTUPOBAJia HAa3BaHHBIE IPOAYKTHI HauuHas ¢ 1960 r.

3a ocHOBY Geperca 1 T HeoGOraleHHOTO 3CTOHCKOrO CJAaHIA-KyKepcuTa. Beipa-
60TKa TOBAPHOI DJIEKTPOSHEPTUH B CIAHIEBBHIX dHEProbsokax momHocTh0 200 MBT
IIpU CpeAHeH TemoTe cropaHusa HeoborameHHoro caanna cocrasaser 0,65 MBr-4/T,
a BBIXOJ| TOBADHOM CMOJIBI IIDH TEPMHYECKON IepepaboTKe TAKOro K€ CIaHIla —
B cpeguem 130 xr/T.

Bes poporocrosmieit rugporesusanuu (mopsigka 10 gonnapos CIIIA 3a Gappess)
CBIPBIO CJIQHIEBYIO CMOJIY HEJb3S MCIIOJIH30BATH B KAYECTBE MCKYCCTBEHHOM (CHH-
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TeTUYEeCKOoil) He(hTH, B TAKOM BHJE CMOJIa HEIIPUTOLHA [AJIs mepepaboTKu Ha OOBIYU-
HBIX HedTemepepabaTHIBAIOIIUX NpeAnpusaTHaX. OZHAKO M HETHAPOreHU3UPOBAH-
Hasdg CMOJIa HAXOAUT MMOKymaTess. Tak, mOJydaeMoOe IIOCJie OTHEJNIEHUS OT CHIPOM
cvonbl 3—6 % O6eH3MHOBBEIX (GpPaKIUH, CJIAaHIEBOE TOIOYHOE MAacjao, KOTOpoe
comepxut 0,8 9% cepsl (mpoTus 3 % B HeDTIHOM Ma3yTe) U UMEET TEMIEDPATYPY
zacteiBaHuA —15 °C, saBiserca 0oJjiee KadeCTBEHHBIM TOIIJIMBOM, YeM TOMOYHBIHN
MasyT.

W3 TaGaunsl ¥ pUCYHKA BHAHO, YTO IIOYTH A0 caMoro kKoHmna 70-x rr., oco6eHHO
no 1972 r., snexkTposHEprus, mojiydyaeMas IIPH CXKHUIaHUM CJIaHIa, cToOMIa 00Jb-
1Ie, 4eM CJaHIeBasi cMoJja. IMEHHO B Te IOAbl B OCTOHUM OBLIM COOPYJKEHBI ABE
momiaeie TOC (xkaxpmass mo 1,6 I'Bt), paboTaroliue Ha CIaHIE.

B ofmacTu ciaHienepepalbOTKH 3TOT mepuoj] OB BpeMeHeM Hay4YHBIX HCCJe-
JOBAHUN U ONBITHO-KOHCTPYKTODPCKUX paboT. PaspabaTeiBaiuCch HOBBIE U COBEp-
[IEHCTBOBAJIKUCH HMEIOI[HECHd TEXHOJIOTHH IIOJyYEeHUS M HCIIOJIH30BAHHUS CJaHIe-
BOM CMOJIBI U APYTHX IPOAYKTOB CJaHIenepepaboTKu.

ApaGo-Uspaunbckasa BoiHa, VpaHCKad peBoionusd, a 3ateM HpaHno-Wpakckas
BOMHA 00YCJIOBHJIM PE3KOE IOBBILICHNE 1eH Ha He(PTh, HO AJIS HACTOAIILEr0 IOABEMAa
ciaHIenepepadaTHBAIOIIEH IPOMEIIIIEHHOCTH 3TOT0O BPEMEHHU OKa3aJioCh HeZoCTa-
TOYHO.

Bo BTOpo# mosoBune 80-x rr., mocsie Toro kak OIIEK BBesa mpegenbHBIE LEHBI
Ha HedTh, 4 3aTeM KBOTHI Ha JOOBIUY M IPOAAXKY, HeDTh ymaja B LieHE, U B KOHILE
80-rr. CTOMMOCTH IIOJIyYE€HHBIX M3 1 T 3CTOHCKOro ciaHna-kykepcura 0,656 MB-u
asuexkTposHeprud u 0,13 T cMOJIBI, IPAKTHYECKH CPABHAJIHCEH.

IIo mporHosamM MwuHHCTEDPCTBA TOPrOBAM MU IIPOMBINIIeHHOCTH DPUHIAHIUH,
B Oyaymiem IeHbl Ha 06a aTu ToBapa Bo3pacTyT: K 2025 r. CTOMMOCTH TOIOYHOI'O
masyTa — Ha 61 9, mo cpaBHeHuIo ¢ ypoBHeM 1988 r., Torga Kak CTOMMOCTH 3JIEKTPO-
9Hepruu — JuIIb Ha 18 %.

OcraeTcd JHIIL €IIe pa3 HAIOMHHUTH, YTO I[€HA TOIJIMBHOI'O Ma3yTa — B3TO
MHUHHUMYM I€HBI [AJIsI 3CTOHCKOM CJIAHIIEBOM CMOJIBI, KOTOpas obJsiajaeT pALOM IIpe-
HMYIIECTB, HAIIDUMepP, COAEPIKHUT ropasfo MeHbIIe cepbl. VICTHHHAS I€HHOCTH
CJIAHIIEBOM CMOJIBI — B YaCTHOCTH, Ojarozapsi TaKHM €€ KOMIIOHEHTaM, Kak

‘- (beHOJIBI, MJIACTH(DUKATODPHE] PE3UHBI, AHTHUCEIITUKH, BOLOOTTAJIKMBAIOIIUE COE-
IUHEHUs, — rOopasfo BHIIIE.
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