
8) ZE ZE 
eOS - Eo + s 

6q/lyY 8VZI = SO100 + LP'ZI = 

EE && 1- X SSOO + - X 801'0 + 
80 - EZ I'P 

X EIOOO + Pi7011 EI'I1 = 

(SE'O-1) = '63 LLSO = - It00 X 6 

......................................................................... (z) s x PL9 + 
X I "XSSOO + 2801.0 + 3E100'0 + WO'I 1 AH1 = "e 

NX OY HX 



By Avogadro’s law, the volume of a gas varies as moles. 

Mass of C to form 0.0834 moles of CO, = 0.0834 x 12 = 1.001 kg. 

% bv masp of C burnt = 33.01- 2.4 = 30.6%. 

Hence, mass of fuel as fired to form 1 mole of dry flue gas 

The mass of air required can be determined by the Oxygen 

Mass of 0 in 0.0834 moles of CO = 0.0834 x 32 = 2.67 kg. 
Mass of 0 in 7 x lo-‘ moles of Sb2 = 1 x lo-’ x 32 = 0.02 kg 
Mass of 0, in the dry flue gas = 0.118 x 32 = 3.11 kg 
Mass of H in the fuel = 3.27 x 0.041 = 0.134 kg  
Mass of 0 to combiie with the above H = 0.134 x 8 = 1.07 kg 
Mass of 0 in the fuel = 3.27 x 0.23 = 0.752 kg 
Mass of 0, from the air = 2.61 + 0.02 + 3.77 + 1.07 - 0.752 

Ma& of air required = 6.18 / 0.232 = 29.2 kg 
Actual &/fuel ratio = 29.2 / 3.27 = 8.93 

= 1.001/0.306 = 3.27 kg. 
b 

Balance Method: 

= 6.78 kg 

Check with Nitrogen Balance Method 

Mass of N, in 1 mole of dry flue gas = 0.797 x 28 = 22.32 kg 
Mass of N in the fuel = 0.008 x 3.27 = 0.03 kg 
Mass of N, from the air = 22.32 - 0.03 = 22.29 kg 
Mass of air used = 22.29 / 0.268 = 29.02 
Actual &/fuel ratio = 29.02/3.21 = 8.88 

The nitrogen balance method seems to be  simpler and more 
accurate since less measured data ar used. The difference between the 
two methods is less than 1%. 

ENTHALPY ANDAvflILflBILITp IN THE DRYEXAUST GAS 

- 

9 
Excluding the mass of water vapour, the mass of the dry exhaust 

gas. me 
= mass of air + mass of fuel as fired 

- mass of moisture - mass of free H in fuel 
- mass of ash - mass of unburnt carbon 

= ma + mc - mm -% - m-,, - mqUn (3) 

If T,, Ta = temperatures of the exhaust gas and ambient air, then: 

Enthalpy increase in the dry flue gas. H 
= me CP. T, - ma CP, T, - (m, - mm - % - manh - m d  C, T, 

Simplification: 

As m >> (m, - mm - m,, - ma,, - mc, ~n ), C, can be assumed 
as equal to &pa. 

Eence, H - me CPe T, - CP, Ta me 

............................................................. = me C-, Cr, - T,) (4) 

If should be noted that for complete combustion of light 

Hence. me = ma + rn, - mH .................................................... (5) 

EYAMPLE 4 : After combustion, the biomass fuel in Example 3 yields, 
by mass, 3.15% ash and 2.35% unburnt carbon on the basis of the as fired 
fuel. Determine the losses in enthalpy and flow availability of the dry flue 
gas. The temperatures of the dry flue gas and-ambient air are 325 and 
30 C respectively. 

From Equation (3) and Example 3. 

hydrocarbon fuels. mm. mlsh and mG un can be assumed as zero. 

me = 8.88 + 1 - 0.36 - 0.0415 - 0.0315 - 0.0235 
= 9.42 kg per kg of as-fued fuel. 

From Equation (4). H = 9.42 x 1.005 (325 - 30) 
= 2793 kJ 

AS a % of the HHV of fuel. the enthalpy loss with the dry flue gas 

= 100 x 2793/12.450 = 22.4% 
The above energy loss is rather large since the actual air used in 

combustion is much larger than the theoretical amount required. As YO 
of the theoretical air. the actual air amounts to 8.88 x 10014.25 = 209% 

By assuming that the dry flue gas is a perfect gas, the loss of flow 
availability with the dry flue gas can be estimated from the following 

equation (I): 
A = ma a. - m, aa - (m, - mm - m,, - mah - 
With the same simplification as before. 

~ cJl 4 

A = me Ihe - ha - TO (se - ~3 1 
-*= me Cp Cr, - T, - To In Te / TJ 

’ Substitute the numerical values for the dry flue gas in a 
A = 9.42 x 1.005 1325 - 30 - (273+30) In % x 

p w  
273 325 
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. 

As a % of the fuel chemical availabihty. 

The above loss of now availability is the loss of potential Work- 

= 843 kJ per kg of as fired fuel. 

A = 843 x 100/12,480 = s.a% 

the dry exhaust gas 

ENTBALPPAND AVAIIABILITYINTHE WATERVAPOUR 
The water vapour in the exhaust gas comes from two wurccr 

namely the moisture in the fuel and combustion of hydrogen in fie 
The datum for enthalpies is normally assumed at the ambient tempenrp,(, 
T, = To 

From Steam Wle(a, state of water at 30..C. 
h;126 kJ/kg, S, = 0.436 kJ/kg.K 

Again, consider 1 kg of the fuel as fired. Mass of water npgpr 
formed by combustion of hydrogen: 

= 9 

Total mass of water vapour, m, = 0.374 + 0.36 = 0.734 kg. 

From Steam Table, at 325’C 1 atmosphere. 

= 9 x 0.0415 = 0.374 kg. 

h = 3126 kJIKg, s = 8.291 kJ/Kg.K 

Enthalpy 10ss.witJ1 the vater vapour, Rs. mV (h - h> . 

, 
= 0.734 (3126 - 126) = 2602 kJ 

As a % of the fuel chemical energy, H- 

Row availability loss with the water vapour, A, 

= mv [h-h, - TO (s - s,) ] 

= 0.134.[3126 - 126 - 300.(8.291 - 0.436) = 3 

= 100 x 2202/12,450 = 17.7% 

As a % of thg fuel chemical availability,A, 
= 100 x 472 / 12.480 == 

CONCLUSIONS 
Combustion of a wet heterogeneous biomass fuel such as m, 

oil palm wastes, e tc  is more complex than liquid hydrocarbon fuels. Tb 
amount of actual air required for complete combustion is much ,kW 
than the amount of theoretical air. Hence, the energy and availabibity 
with the dry flue gas become quite large. 

very high. Considerable amount of energy from combustion is fWw 
to vaporaize the moisture and added to the loss with the wet exhausc gu 
The high temperature exhaust gas can be used for drying the -1 Id 
such as bagasse and thus the energy loss with the exhaust W b 
reduced.”’ 

When a wet biomass fuel like the oil plam wastes is used as 
boiler fuel, the first law and second law efficiencies of the boiler Call  
as low as 56% and 21% respectivel$3 as 4 result of a large air/fuel r&b 
required for combustion and high moisture content in the fuel. 
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