acn OIL SHALE 1992, vol. 9 No. 4 REVIEWS

T'OPROYHE CJIAHIJBI 1992, tom 9, Ne 4

I. OPIK
PFBC FOR THE COMBUSTION OF ESTONIAN OIL SHALE?

H. JIIUK

ITAPOTA30BAdA YCTAHOBKA C KHIIAIUM CJIOEM —
OJd CCKHTAHUSA 3CTOHCKHUX CJIAHITEB?

Pressurized fluidized-bed combined cycle (PFBC) for combustion of coal
developed by ABB Carbon over the last 15 years has reached commercial
status [1]. PFBS-plants are in operation in Sweden, the U.S.A. and
Spain. One 70-MW-plant is under construction in Japan. The Vartan
Cogeneration Plant in Sweden has already accumulated about ten
thousand hours of operation.

The PFBS-technology combines the environmentally beneficial charac-
teristics of fluidized bed with efficiency gains of combined-cycle plants.
It is clean, efficient and compact [1].

There is some experience on o0il shale combustion in atmospheric
fluidized-bed systems. The Rohrbach-Lurgi fluidized-bed process in two
generating units at Rohrbach Zement in Dotterhausen, Germany, is in
commercial operation since 1961, supplying a 13.8 MW, power station
with 60 bar and 470 °C steam [2]. In Estonia, a 75 t/h fluidized-bed boiler
with torch-fluidized burning has been in operation at Ahtme Power
Plant for about 20 years [3]. Experience of Israel and Estonian oil shale
combustion in Ahlstrom Pyroflow circulating fluidized-bed (ACFB)
boilers is described by H. Holopainen [4]. But there are no experiments
on oil shale combustion under conditions of elevated pressure.

The ABB Carbon has presented a preliminary study for Estonian
oil shale combustion in a PFBS-cycle unit (July 1992).

The principle of PFBC is illustrated in Figure. The main components
of the PFBC-unit are: the gas turbine, the combustor (pressurized
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ftuidized-bed boiler) and the steam turbine. The gas turbine which pro-
duces about 20 % of the total electrical output, provides the combustor
with pressurized cooling, fluidizing and combustion air. The gas turbine
is connected to the combustor by a coaxial pipe. The inner pipe leads
the hot gases (¢ ~ 850 °C) to the gas turbine and the outer pipe leads
the compressed air (<< 300 °C) to the combustor.

The fuel is first crushed to grain size, then through lockhoppers pneu-
matically injected to distributors in the combustor bed bottom. The
combustor to an approximately 200 MW,;, module is a pressurized com-
bustion and steam generating unit enclosed in a pressure vessel of
about 11.5 m diameter and 30 m height. Operating pressure is about
12 bar, the vessel is cooled by incoming air. Combustion takes place
in the bed at about 860 °C by fluidizing velocity less than 1 m/s. The
steam is generated in tube bundles in the fluidized bed with 140 bar
and 535 °C steam data. The hot gas is cleaned from fly ash in up to
10 parallel two-stage cyclones. The fly ash from the cyclones, after
having been precooled by combustion air, is depressurized and cooled
by condensate coolers outside the pressure vessel to about 120 °C and
transported to an ash silo [1].

The preliminary design conditions for 8.33 MJ/kg Estonian oil shale
commercial unit on condensing mode are following:

Firing rate at full load 171.2 MWy,
Steam turbines output 56.7T MW,
Gas turbines output 15.6 MW,
Net electrical output 69.2 MW,
Net efficiency 40.4 9%

0il shale flow 20.6 kg/s
Ash flow 129 kg/s

It is proposed that the high content of limestone in the oil-shale ash
specific when using Estonian oil shale as fuel reduces the sulphur emis-
sions close to 100 % during combustion, as well as the relatively low
combustion temperature (860 °C) results in low NO, emissions. Limestone
of the oil shale burnt under pressure, due to high CO; pressure leaves
the combuster in composed stage (as CaCOj, also CaS0O;). That means
that no free lime will occur in the PFBC-ashes which give interesting
properties to the ashes as well as lower CO; emissions. That gives a
higher heating value, up to 7 %. In the preliminary study a high
content of potassium in Estonian oil shale (K20 2.55 % in the ash) is
also mentioned.

As a comment to the preliminary study on Estonian oil shale com-
bustion in a PFBC, one must pay attention to the chlorine and potas-
sium problems which are decisive in atmospheric combustion of Estonian
oil shale in conventional boilers.

Kerogen (organic matter) of Estonian oil shale contains sulphur (S)
1.7—2 9% and chlorine (Cl) 0.6—1 %. Potassium (K) in Estonian oil
shale belongs to clay minerals: orthoclase and muscovite. In boilers
chlorine causes intensive high temperature corrosion of steel, decompos-
ing the tight chromium-rich oxyde layers on steel surfaces by removing
chromium from the oxyde layers in gaseous phase as chromium chlo-
ride. In conventional oil-shale boilers the heat-transfer surfaces are
protected by ash layers rising mainly on the basis of potassium and
calcium chlorides, which afterwards harden as sulphates:

2KCl + S0; + 0; — KsS0O, 4 2Cl

or
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CaCly; + SO; + 0, - CaSO, 4 2Cl

A periodical removing of the ash deposits from the surfaces is needed,
but the more frequent the cleaning operations, the more intensive the
chlorine corrosion.

We must take into account that the chlorine corrosion as well as ash
fouling may also be active with respect to the PFBC steam boiler
surfaces placed in the fluidized bed, inside the cyclones of the combustor
vessel, and on the gas-turbine blades. Therefore, there is a serious doubt
about the probability of PFBC use for Estonian oil shale.

For example, if only 0.05 % of oil-shale ash passing the combuster
sticks inside the cyclones, less than a week of operation time is needed
for filling the active volume of cyclones with ash deposits to a degree
sufficient for destroying the separating functions of the cyclones.

Consequently, before expensive long-term investigations on PFBC test
facilities it is indispensable to provide laboratory investigations about
Estonian oil shale chlorine behaviour as well as about thermal and
chemical destruction of oil-shale minerals under influence of chlorine
in elevated pressure combustion conditions.

The long history of oil shale utilization has demonstrated that every
new technologiy of their utilization concealed unforseen, even fatal
underwater riffs and rocks [5].

H. SIIHE

ITAPOTA30BAA YCTAHOBKA C KHIIAIIUM CJIOEM —
OJIA COKUTAHHUSA 3CTOHCKUX CJAHIEB?

Pe3zrome

K HacToamemy BpeMeHu mnaporazosbie ycTaHoBKH (III'Y) ¢ KUDAIMM cJoeM
JISl COKUTAHUA yriei, pa3dpaboTky kKoTopeix dpupma « ABB Kapb6ou» mauana 15 ner
Ha3aJ|, SKCIJIyaTHDPYIOTCA B mnpoMbinieHHoM Macmrtabe B Illsemuwm, CIIA wu
Wcnanuu, u eme ogHa coopy’kKaercss B AmoHUH.

Upes IIPBII-ycranoBku (PFBC — pressurized fluidized-bed combined cycle)
on;ep;nHﬂeT 9KOJIOTMYECKUE IIPEUMYIeCTBa CXKHIaHUS B KHUIAIIEM CJI0€ W BEHICO-
KUM K.1I.4. caxuranuda B IIT'Y [1].

JJiA ropioYyMX CJIAHIEB MMeeTCHd HEKOTOPBHIH ONBIT UX CIKUTAHUSA B KUIIAIIEM
cioe mpu aTMocdepHoM paBieHuu [2—4], OJHAKO MOJHOCTHI0 OTCYTCTBYET OIBIT
COKUIaHUA BTOrO BHUJAA TOIJUBA B YCJIOBUAX IIOBBIIIEHHOTO [ABJIEHHS.

B uronme 1992 r. dupma «ABB Kap6ou» chopMynupoBana NIpeiBapUTEIbHBIE
coobpakenusi mo Bompocy cikuranus B [IPBIl-ycTaHOBKE 3CTOHCKUX CJIAHIEB.

OCHOBHBIE YaCTH YCTAHOBKHU CjeAyloliue (CM. NPUHIUIMAJNBHYI0 CXeMy Ha
PHCYHKe): razoBad TypbOuHa, maporeHepaTop C TOIMKOM, B KOTOPOH OCYIIECTBJISAETCS
CHXUTaHWe B KHIIAMEM CJI0€ N0 JaBJeHHeM, U napoBas Typbuna. ITaporesepaTop
C TONKOW 3aKJIOYeH B HuiauHApe aumaMmerpoMm 11,5 u BeicoToir 30 M, B KOTOpOM
nojzepxuBaerca pabouee gasiienue Bosgyxa 12 Gap. TemmepaTypa B Tomke —
okosio 860 °C, mapamerpsr mapa — 140 6ap u 535 °C, TemmepaTypa CKaTOro
Bo3gyxa — MeHee 300 °C. T'opAauuii ras, HampaBJsieMbld B TypOUHY, OUMIIAETCS
OT JileTydeil 30JbI B HECATH IapaJlIeJIbHO BKJIIOYEHHBIX [BYXCTYIEHUYATBHIX I[UK-
JIOHAX.

IIpeaBaputenbHble xapakTepucTuku I[IPBIl-yCcTaHOBKHM, paCCUMTAHHBLIE IIPU-
MEHUTEJbHO K 3CTOHCKUM CJIAHI[AM C yAeJNbHOH TemymoTol cropanud 8,33 M« /kr,
ClIeyouIue

TensioBadg MOIIHOCTD 10 TOILJIUBY 171,2 MBT
Yacosasi BEIpaboTKa JIEKTPOreHepaTopa:
MapoBO# TypOUHBI 56,7 MBT
ra3oBod TypOUHEI 15,6 MBT

ob1as, HeTTo 69,2 MBT
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K.II.J., HETTO 40,4 %
Pacxop crasna 20,6 xr/c
O6paszoBaHUe 30JIBI 12,9 kr/c

IIpeamosnaraeTcss, 4YTO BBICOKOE COJEpXKaHWEe B 3SCTOHCKHUX CJIAHIAX
usBecTHAKa obecmeunt 100 9% -Hoe cBsaspiBanue cepbl B CaSOs4 B mpoiecce
ropeHus M 4YTo Giaromaps BBEICOKOMY [AABJIEHUWIO ra30B OCHOBHASA Macca
usBecTHAKA He OymeT pasiarateca go CaO, 3a cuer dero (axTuyeckas
TEIJIoTa CrOPaHUS MOYKET IOBBICUTHCH (moBBILIeHHE IO 7 %).

C gpyro# CTOPOHEI, paccMaTpUBad BO3MOYKHOCTH COKHUTaHMS 3CTOHCKHUX
roproyux ciaaxunes B IIPBIl-ycranoBke, cieiyeT BHUMATEJIbHO OTHO-
CUTHCS K BO3MOJKHBEIM HEraTHUBHBIM MOMEHTaM. JTO NIpPOOJIEMBI, CBA3AH-
HbIE ¢ comepkanueM cepsl (1,7—2 9% S) u xmopa (0,6—1 % Cl) B opraunu-
YeCKOU YacCTU CJAHIEB M Kajaud — B MUHEPAJbHOH. ITO 00yCIOBIMBAET
OCHOBHEIE€ CJIOKHOCTH IIPDH CXKHUTMAHUM B TPAAUIMOHHBIX KOTJIAX IIPHU
aTMocepHOM [aBIeHWH — KOPPO3UI0 CTAJM IIOJ BIUAHUEM XJOpa H
oOpaszoBaHUe IJIOTHBIX 30JI0BEIX OTJIOXKEHUN HA TEIJIOOOMEHHBIX MOBEPX-
HOCTAX KOTJIA.

9Tu ke mpobsieMBl, MO BCEeli BEPOSTHOCTH, MOTYT BO3HUKHYTh U IIPU
skcnnyaTanuu IIPBIl-ycranoBku. XJop CooCo0€H BBHI3BIBATH HHTEHCHUB-
HYIO BBICOKOTEMIIEPATYPHYIO KOPPO3UIO JKAPOCTOMKON CTaJM, YTO UpEeBaTO
KaTacTpOMUUECKUMH IOCIEACTBUAMH. XJIOPUABI KAJMUA U KAJIbIUA MOLYT
00pa3oBEIBaTh Ha Pabo4YMX MMOBEPXHOCTSAX KOTJIA, B IUKJIOHAX U ra3oBOM
TypOWHE IJIOTHBIE 30JI0BLIE OTJIOKEHHUS, B TO BPEMA KAaK BO3MOYKHOCTHU
ux ypanenud us IIT'Y u U3 IUKJIOHOB OTCYTCTBYIOT.

IlonHOE OTCYTCTBHE SKCIIEPUMMEHTAJIBHBIX AAHHBEIX O BO3MOXKHOM IIOBE-
IEeHUU KOMIIOHEHTOB 3SCTOHCKHUX CJIAHIIEB, X B IIEPBYIO O4Yepenhb XJopa HU
KaJINeBBIX COEAUHEHWH, B XOJ€ TEILJIOBBIX U XMMHYECKHUX IPOIECCOB, IMPO-
TEKAIOINX B YCJIOBHUAX IOBHIIIEHHOTO JaBJIEHUS, 00yCIOBIMBAET HACYII-
HYI0 Heo0XOZMMOCTHL IIPDOBECTH COOTBETCTBYIOIIUE IIPEABAPUTEIHLHEIE
1abopaTOpHBIE UCCIIELOBAHUS.
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