












































CHAPTER 1: INTRODUCTION

1.1. BACKGROUND

The world is facing high energy demand about three times the rate of total energy, whereas the

industry is expected to reduce carbon dioxide (CO;) emissions because of global warming. As a

result, there is pressure to improve the ef”~*~=~- ~* ~~~-~yse through changes in technology
and to produce energy vectors such as syi most zero emissions of greenhouse
gases. The extensive increase in energy umptions of natural resources and

goods, caused by the increase in world puv wed to massive amounts of wastes.

Biomass / coal gasification is mﬁlﬁ @Msgbfuf:(rff’tnﬂgf-@ed popularity due to the

concerns of the impact of fossil fuel utilization on the environment (Collot, 2006).

A number of studies on the the 10 chemical conversion of biomass or residues from wood
products have been carried out. T :se studies revealed in principle a similar behaviour to that of
coal. In general, a total gasification process can be generally separated into two main reaction
stages called pyrolysis and gasification. The pyrolysis stage corresponds to reactions related to
devolatilization or thermal decomposition that occur during the initial heating-up of a solid fuel,

and is completed in only seconds, or less at high temperature [Pan et al, 1996].

Co-gasification of coal and biomass is known to offer several advantages over coal or biomass
gasification. It gives the benefits of reliable supplies of abundant solid fuel such as coal and

credits resulting from utilization of a renewable zero emission energy resource such as biomass.
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Table 2.1: Properties found in aty  al biomass material [Ganesh, 2006]

Properties Biomass
Volatile matter (dry basis) 60 —90 %
Fixed carbon (dry basis) <5 -25%
Ash (dry basis) <1 -25%
C (d. m. m. f) About 50%
H (d. m. m. f) About 10 %
O (d. m. m. f) About 40%
Calorific value (MJ/kg) 16 - 19
Moisture content of the biomass is the m _.meter. The moisture content higher

-
than 30% can cause the ignition tﬁ?ﬁ %if&i %{ic?ebdraflﬁé%jéreduces the calorific value

of the producer gas. Significant heat {s-t¢guited tt dvapstaed fite moisture prior to gasification.
Higher moisture content also reduces the temperature of the combustion zone of the gasifier that
has lead to incomplete cracking « hydrocarbons or tars released during pyrolysis. Thus, direct
hydrogenation of carbon in biomass can occur resulting in the production of methane. Therefore,
the production of carbon monoxide is then reduced. Since the combined heat of combustion of
H; and CHj is lesser than the heat of combustion of CO, the net calorific value of the producer

gas decreases [Buragohain et al,2 0].
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Table 2.2: Properties of coal [Ganesh, 2006]

Properties Coal
Volatile matter (dry basis) <20-50%
Fixed carbon (dry basis) About 40 — 80 %
Ash (dry basis) About 10 —45 %
C(d. m.m.f) About 80 %
H(d. m. m.f) About 5 —-10 %
O (d. m. m. f) About 10 —20 %
Calorific value 16 — 34 MJ/kg

Coals that are highly reactive supply higk. - ..n at moderate gasifier temperatures

A
improving overall system efﬁcie%ﬂ}e rlg%Wy (1f Pa ffaﬁlﬁlflg gasification conditions is

a most important determinant of the gastfer sizerdnd desfen. Reactive coals can be gasified at
lower temperatures and therefore at higher cold gas efficiency, while less reactive coals may
need higher gasification temperatures in order to achieve sufficient conversion efficiencies. At
the same time, the temperature must be high enough to yield a tappable slag. Therefore, the
preferred operating strategy for a coal is always a balance between reactivity and slag tapping

considerations [Collot, 2006].

40















also amongst the most important aspects for gasification since they give an idea of whether the

material will be suitable or not.

3.3.1 Determination of the calorific values

A bomb calorimeter (CAL 2K - ECO model) was used to determine the calorific values of the
samples. It is the experimental procedure e #~ dstarmina higher heating values. A calorific
value is the amount of energy per unit 1 n complete combustion. The gross
calorific value is measured in a bomb ce | fuels. The definition of the gross

calorific value at constant volume given ..vu..dards or technical specifications is

almost the same. According to t@}ﬁ?@lé&f.@ﬁﬁﬁ&flfpa ﬂd}ij@ﬁiés the absolute value of the

specific energy of combustion, in Hufes, for it thdss of a s6¥id biofuel burned in oxygen in a
bomb calorimeter under specified conditions. The products of combustion are assumed to consist
of gaseous oxygen, nitrogen, carbon dioxide and sulphur dioxide, liquid water in equilibrium
with its vapour saturated with carbon dioxide under the conditions of the bomb reaction, also of

solid ash [Llorente and Garcia, 20 ].
3.3.2 Determination of the moisture content

To determine the moisture content the crucibles were marked for identification using a marker,
and then they were placed in the uffle furnace, and brought to constant weight by burning at
105°C for about one hour. The crucibles were then cooled in a desiccator, and were used for the

determination of moisture content.
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respectively. This implies that coal requires higher gasification temperature than biomass for
complete gasification to take pl :. Figure 4.6 and figure 4.7 presents the mass loss and
derivative mass loss of the eucaly 1s / coal blends, respectively in relation to temperature and

time.
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Figure 4.6: TG plots of the euca Htus/ coal blends
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4.6 SIMMULATIONS

Table 4.15 shows the parameters of coal, eucalyptus and the eucalyptus / coal blends used for the simulation.

Table 4.15: Simulation parameters of coal, eucalyptus and their blends

10%Euc- 20%Euc- 30%Euc- 40%Euc- 50%Euc- 60%Euc- 70%Euc- 80%Euc- 90%Euc-

Coal Eucalyptus 90%C 80%C 70%C 60%C 50%C 40%C 30%C 20%C 10%C
Carbon 55.90 45.46 53.08 53.10 53.49 =288 51.30 48.87 48.84 47.39 46.71
Hydrogen 3.9 5.5 3.98 4.1 4.2 ?4;25 4.29 4.32 4.67 4.73 4.9
Oxygen 31.22 46.71 32.46 34.49 35.57 ¢ . E.‘B 47.51 47.14 47.56 47.62 47.72
Nitrogen 8.143 9.64 7.85 8.083 7913 1= #B07 9.15 9.41 9.69 9.11 9.75
Fixed carbon 25.94 18.51 23.96 23.56 22.00 g.76 20.33 19.83 19.32 18.53
Bulk density 0.4 0.4 0.4 0.4 0.4 = 0.4 0.4 0.4 0.4
Diameter of S
wood particle 2.5 2.5 2.5 2.5 2.5 Q5 2.5 2.5 2.5 2.5
Throat r =
diameter 30 30 30 30 30 _ 30 30 30 30
Throat angle 35 35 35 35 35 | =5 35 35 35 35
Insulation o
thickness 17.5 17.5 17.5 17.5 175 | M5 17.5 17.5 17.5 17.5 17.5
Thermal
conductivity
(Insulating
material) 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Moisture
content 2.311 2.058 2.221 2.562 2.372 2.227 2.35 2.814 2.215 2.136 2.387
Temperature
of input air 300 300 300 300 300 300 300 300 300 300 300
Feed input 40 40 40 40 40 40 40 40 40 40 40
Air input 45 45 45 45 45 45 45 45 45 45 45
Heat loss 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5

Euc —eucalyptus wood, C - carbon
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