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Appendix A

Low Heating Value Calculation

Assume that all calcium in both lignite and oil

shale was in. carbonate form.

1.85 %

Calcium presented in lignite
= 1.85/40
= 0.04625 %mole
Thus, C presented as COs = 0.04625 %mole
= .0.04625%12
= 0.555‘ %
O presented as carbonate = 0.04625%3
= 0.13875 %mole
= 0.13875%16
%= 2.2 X
From equation (5.1); low heating value of lignite =
8,080(41.05-0.555)/100 + 28,800{2.75-(26.30+2.22)/8}/100
+ 2,500(1.6)/100 = 600{(9/8)*0.2408+0.1744} = 2,970 cal/gm
Low heating value of oil shale can be calculated in

the similar manner.



96

Equivalent Fuel Feed Rate Calculation

Based on Low Heating Value

Determine the feed rate for the mixture of oil
shale to lignite weight ratio of 7:1.

The low heating value based feed rate

the rate of thermal generation available from

1l

pure lignite combustion

5.814(kg/hr) % 2974(kcal/kg)

i

17,291 kcal/hr
Average heating value of 7:1 mixture
= {(oil shale fraction)(oil shale heating value)
+ (lignite fraction)(lignite heating value)}/
total fraction
=  (7%1598 + 1%2970)/(7+1) ~=» 1,770 kcal/kg
Thus, this mixture feed rate should be
17,291/1,770 = _ 9.769 kg/hr
Fuel mixtures of other proportions can be evaluated

for the corresponding feed rates as the preceding procedure.



Appendix C

Stoichiometric Air Calculation

Referred to Table 5.1. Assume all Ca in the fuel is

in the form of CaCOs.

Ca in all oil shale 4.35 weight %
Assume 100 kg oil shale basis.
Thus, Ca in oil shale F, 4.35 kg
= 4.35/40
= 0.10875 kgfatom
C as CO3 = 0.10875 kg-atom and
0 as COa = 0.10875%3
= 0.32625 kg-atom
Then, free C = 16.93/12 - 0.10875
. = 1.21875 kg—atom
free O _ B8P /16 - 0:32625
= 0.1625 kg—atom
Oxygen required for reaction Ciy Pz > CO0z
= 1.21875;2
= 2.4375 - kg-atom
Oxygen required for reaction Hz + 1/202 o===——=p H20
2182/ %2 V
= 0.91 kg—atom
Oxygen required for reaction S Oa ey’ S02
= 0.67%2/32
= 0.041875 kg-atom
Thus, total 0 required = 2.4375 + 0.91 + 0.041875
| - 0.1625
= 3.226875 kg-atom or
as 02 59.6134375  kg-mole. ‘or
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as air ‘= 1.6134375%29
= 222.81 kg/100 kg oil shale
= 222.81/(100%1.295)
= 1.73 Nm3/kg oil shale
Stoichiometric air for other fuel mixtures can be

calculated in the same procedure.
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Appendix D

Elutriation Rate Calculation

.

Performing sulfur balance around fhe reactor.

'S out with (ash+fly ash+flue gas)

S in with fuel feed

FrSF FaSa + FeSe + QGFGCS%MS/MS%_ or

Fe FrSr = FaSa - QGIchso,‘_Ms/Msoa

SE
F = mass flow rate, kg/hr
S = sulfur concentratiop,'weight %
Q = dry basis volumetric flow rate, m3/hr
'P = . density, kg/m3
¢ = dry basis weight fraction
.M = molecular weight

subscript .

F = fuel feed

A = ash

E = elutriated fly ash
G = flue.gas

S = sulfur

S02= sulfur dioxide

Take data from experiment number 10 shown in Table
6.1 for an example. :
[{8.904(3%0.0067 + 1%92.016)/4} - 3.72(0.0144)
- B67%1.217%19%10°©%32/64]/0.037

Fe

0.704 kg/hr

whereby the dry basis volumetric flow rate of flue gas was
assumed to be equal to the ffesh air feed rate, and the
flue gas density was calculated from ideal gas law as

follows:
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PY = .nRT
P6 = nM/vV = ‘PM/RT
whére P = flue gas pressure of which is approximate to
. atmospheric
M = flue gas molecular weight of which is mole-
averaged from tﬁree main gases, i.e. nitro-

gen, carbon dioxide, and oxygen
R = ideal gas constant
= B82.057%10-8 (atm-m®)/(kgmole—K)
T = temperature of flue gas while analysing
= ambient temperature = 308 K
Thus, in the above-mentioned case.

La = 1(atm)*(0.802%29 + 0.098%44 + 0.1%32) (kg/kgmole)

82.057%10-2 (atm-m3®/kgmole-K)*308(K)
=" 1+219 kg/m®
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Appendix E

Cyclones Efficiency as a Function of Superficial Gas Velocity

cyclone ' , 5
efficiency (%) A
100 i~

90 -

80 |-

60~

50~

30v- : ! i ‘

20—~

| ] | 1 . | 1 | | |
0 20 40 60 80 100 120 140 = .160 180 Ug
(cm/s)

Note: The graph was obtained from experiments using lignite particles of smaller than 0.3 mm.
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