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Abstract
In order to improve pyrolysis efficiency of oil shale, a high-efficiency scheme of coal-assisted oil
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shale pyrolysis is proposed. Syngas produced by coal gasification is burned to provide heat for the
pyrolysis of oil shale. The new scheme is modelled and simulated in our work. On this basis, the
technical and economic performance of the whole process is analyzed; then a comparison is made
between the new process and the existing Fushun-type oil shale pyrolysis process. The research
results indicate that: 1) 375 t/h oil shale pyrolysis needs 149.6 MW of heat. The pyrolysis gas gen-
erated by the pyrolysis of the oil shale provides 60% of the heat after being combusted completely.
The remaining 40% is provided by burning syngas from coal gasification. 2) In terms of economic
performance, the product cost of the new process is 2636 CNY/t, which is 12% lower than that of
the conventional process. 3) The current oil price is stable around 50 $/bbl, and the price of crude
oil from the economical competitiveness of new pyrolysis process is 51 $/bbl. Compared with the
58 $/bbl of the conventional Fushun pyrolysis process, it has obvious economic competitiveness.
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Figure 1. Shale oil-equivalent reserves in the world [1]
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Figure 2. Coal-assisted oil shale pyrolysis process
2. BRHBMTUAR AT IR

AT AT SEHAT @A, B TR B DUE R TR I R (1 G BE BT (T L) A=
TEHT T PR B TUA R R R (BRI DRI RE R H S RAN A (PNl TUA T IEXT B, fi
H AR Bl DO = R R LB AN AL
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Table 1. Proximate analyses of oil shale and coal
= 1. HTUE TR Tl o4

Proximate (wt. %, ar)

M FC \Y A
Oil shale 3.43 177 22.83 71.97
Coal 18.42 15.64 32.21 33.73

L E K Aspen Plus (Version 7.2) 3 FEASAEL 0 o4 Bl il U0 A A st RE BEA TR L, & R T A T
TR TR AR, ML TR RE . I U IR AR A 300 J3M/AE(375 th). JERKM DT 3% A 5 Mt fa)
TR Q%I T A, JEURMGE R FH T DT R Ak 2E A, I U0 5 AR A ) b A A B in 56 1 fir o [4]
[8].

HTUAETEET

(122 034 P A1 % Bl PR TV AU, T SR 25 SRR AH N2 1Y) Aspen Plus AR A2 a0 1 3 B, T4
B E AR BORD TP B B, 4 BOW LA T AR S AR A Sk RYield s B 2 A o 8 B gk A T AR L
T RN SRR B A 200°C, K /79 0.1 MPa. %4k, RH RCSTR J 87 S Hnt -1 Be b 47 R 40l ,
BB SN 2 IR E o 550°C, K /728 0.1 MPa.
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Figure 3. Aspen simulation calculation procedure
E 3. BRRFIBPEITEREF SR
R AP R B R A R B N D AR 3 T AR A B T 40 Ky 28, iR DU il BE o T R
AAETIREB TR OB T RE I 3()
Kerogen — H, + H,O + H,S + NH; + CO + CO, + CH,4 + C,H, + C,Hg + C3Hg+ C4H10O + Semi-coke (1)
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WIS R R BN 1572, () Frx[9]:
dx

E: k(l—X) (2)

o x FRHEA0 A, AR (], Kk 4R ROMIELER, n $RMRE. IRAERTIE e e, MRk R
k3, A (3)FiR[10]:
k = Ae—Ea/RT (3)
Forb ARERARHTIN T, E. 3R EALRE, R IEUARFH(R = 8.314 mol K), T FRInI SR . R4 ik
[4] [11], E,A 158 KImol. A 4 2.03 x 10°\ n K 1.0, ZhH1 &Ik A F R (4):
dx

n E n
—=k(1-x) =Aexp| ——=|(1-
dt (=) eXp( RT)( )
=2.03x10° e T (1-x)

JE AL (A1 N A N MRS B PR BOR AT RN, SRIF H 0T TS & T PVR G & P2 R P= R A6, 45
Rande 2 fione X LU 5 se e BiE (8], AN IRZE /N T 8%.

(4)

Table 2. Comparison simulation and industrial data

® 2. BER TR IUE AR R

Mass frac. (%)

Comp.

Simu. Exper.

Semi-coke 81.44 81.46
CcO 1.16 1.14
CO;, 3.82 3.78
CH, 0.93 0.91
CyH, 0.07 0.06
CoHs 0.16 0.18
CsHs 0.11 0.13
CsHg 0.29 0.25
H, 0.28 0.27
NH; 0.08 0.07
H,S 0.18 0.17
H,O 3.36 3.40
C14H100 8.12 8.18

3. HAREHF5Hh
3.1 BARDH

T DU T8 B0 DUE (8 LR P s B0 A b TR OB A & S PR R b A IR R A . AR
CAFI R, TRl TUA N BOFRER AN TUE AR BT 75 (0 30 B A T DS Vi S SE AN 1T
IR IR, P RN (B) TR |
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Qshale + Qret = prr + Z (Qoil + ans + Qsemi-coke + Qvap ) (5)

HeA Qsnate R B TUE N BIFANE,  Qreg R TUR VIR SN I 5 BTN, Qpyr 75 TUE IR AL O 74,
Qoil~ Qgas~ Qsemi-coke M Quap 73 MR TUA M . FAE . TR UL SOK /- E T 1 Hh DAy . did
T @) THE R UA T N E Qshaes U1 N 7R

Qupate = mshaIeCp,shaIe x50 (6)

o Mypare TR TUE TR BRI, Cp shate T/~ LA FERE o RIEA FAEE W L8], MEA) TUA T EE S Cpshae
N 1.05 kJ/(kg-'C), @it (6) AT 13 2] Qunate N 60.8 KWo LUK, it TUA FAMR I = A I H Qpye AT X
(75,

prr = (mshale - mHZO )prr (7)

Horfrm,, o RORFKKTRITERE, Q,, o B AL TUA FA SN A i o B AR SCSCHR T [4], Q,,
7y 235 kilkg. ATARATR(7)THEE Qpyr (B /2 263.0 KW Qo A DT AL 4R H 11 Ak HE A BB AT |l R 5
T, n(@)FiR:

Qoit = My (Cp,oilTret + roil) (8)

Fort my FR IR TUE I BT, Coon F TG UV, Tro FRFAMRIRE,  ron IR
FHAH S SCHR T RA[8], DU I T ELAREE Cp shate THN 2.26 KI/(KG:-C), roa AT HVE 9 368.46 ki/kg. Qo M HH
() H I 123.0 KWo Quas Fn VA=) T 183 AE i AR i v, HAt 5= (9)Fin:

Ques =My C s, 9)

gas “~p,gas ' ret

ot mges Ron BRI TR BT, Cpgas Ran T LI . TIRAE Y 11 AR IR S AT 22 AR HUL15 2]
9 360°C, Cpges BARIEE, HK/AIH 6.17 kI(kg-K)o Qgas 1T HIZN(9)TH R, HAE M 305.3 KW, #ufifti~
%*%’%Hj E"J%’R‘% Qsemi-coke E‘]—H_ﬁi ﬂuﬁ(lo)ﬁﬁi—\‘:

Qsemi-coke = msemi-cokeCp,semi-cokeTret (10)

/E\:EP Msemi-coke 4&%?#@*%5@@%‘0%%7 Cp,semi-coke 'fﬁ%% H:ﬁl‘%?o *ETE E‘ﬁﬁﬁﬁﬂiﬂ,ﬁ%ttﬁ@ﬁ Cp,semi-cokeﬁ‘j
1.8 ki/(kg-"C) [8], M Qsemi-coke P FHF(10)THEHAFE], K/NA 883.3 KW Quap KA 725 K Ty tH K # &,
XA R

Qup =M, . | Cypiyoq) (L00-50) + 10+ C, ) (360-100) (11)

Hort Meemi-coke KT ZE KB ETL R . 2L RIS Quap A 148.4 kKW FRANPCFT T FEA(5) AT Tt
SR TR TUE BT 16622 KW R . (045 90 & TR0 TR, PAACHEA TR 7
IR TUE T T Qe N 149.6 MW HIFE . TUE PR T 75 AV 1 TR U U & U B S it . SC&ap
F RStoic [ B #s ARV IR Y, W€ B EE 750°C, 718 0.1 MPae Qeomp 7 TR ARARERT
R, B (12) Bk

Qeomp = Myas 'Z(Ahl_,k 'Wk) 12)

Hrp woO N TR ARG, Ah RS IVE. AR TR R o BT R 2 TR R e e
IR bR v ] i 0(12) T B 3], AR 89.6 MW, HI T TUE #1185 22 149.6 MW g #4
&, DI EE TS ORI BN IR Qupr AT H I (13) i
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qupl = Qret _0'68Qcomb (13)
BRI HE AT R, FEAAMIN I E N 60 MW, A ft 2051 2 BNl s T R T 75 4
o a2 E A ERE, mX(14)FR:
Vsyn = qupl/Z(AhL,k 'VOIk) (14)
o Vo Fon & BUSURAA R R, vol, A1 Ah | 735l 7R %% 2H 73 BAR AR 5 BEAMIRAE B . P 7 & U
Vo FIF(14) 03153075, 7 5.3 x 10° Nm¥/h &S, AR =N 16.9 th,
3.2. &FFEREDHT
2 MERE T HE bR AR P UAS, AR 77 AR (Production cost, PC) 3= 85 M JFURHW SERT 5 2 FH . A F L%
T YriH. BB, DR EBITRE A, B4 an s R (A5) sl 5
PC=Cr+ Cy + Cogm + Cp + Cpoc + Cac + Cpsc (15)
Hrp Cr WERA, CyNAL TR &M, Coam NEEYEBEHEIEFRET, Co M Cpoc 73 M AT IA 2
RITJ B9, Cace Cosc ATECHAIRIE 30T . Horh (A BELIT 1St Co JEURHIRAN Cy AT TR,

BEN TR ESEAEE 2 TAE3], MRIEAF=FT R AR 10%K 15 . HRIE 20 41 H LT IH
KITHITIHEH, 4%IIFRE[12].
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Figure 4. Production costs of the IHMB and Fushun refinery
processes
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E A RS

I T S BB B i DU R AR AR G IR I AR 0 A P2 AR, W] 4 BT R B DA
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