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Abstract

Itis widely accepted today that global concentration of carbon dioxide (CO,) in the atmosphere is increasing rapidly. The main method for separating
this gas is the mineral carbonation process. In this process, hydrogen-rich stream is produced by the removal of CO,. A feasibility simulation study was
conducted to evaluate the utilization of CaO used in the combustion of coal processing plant. The fluidized bed reactor of calcium looping process
was simulated by Aspen Plus software. In addition, the evaluated of the energy and economic process was carried out with Aspen Energy Analyzer
and Aspen Economics Analyzer, respectively. The results of the simulation show that the hydrogen purity can reach more than 84vol% and more than
98.96vol% of CO, along with combustion of coal is captured with calcium looping process. The results of the study with Aspen Economics Analyzer show
that the operating cost of the process is about 914350$/year and the cost of utilities is about 5508.4$ /h.

Keywords: CO, capture; Hydrogen; CaO; Fluidized bed reactor; Aspen plus

Introduction

Hz CO:

Gasifier
Regenerat

Char gasification
CHH;0eCO+H;
‘Water-gas shift reaction

CO+H,0<COHH; Calcination
CaCO3 «>Ca0+Cn
Carbonation
Ca0+C0,e>CaCO;

Net reaction Char combustion
CaQ+C+2Hy0++CaCO3+2Hy C+O2e>CO2

H:0 Coal Ca0 0

Figure 1: Diagram description of the coal-CaO-steam process.
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The emission of carbon dioxide is due to the use of fossil fuels.
Among the types of fuels, coal has the highest concentration of
CO, emissions [1,2]. Increasing the concentration of CO, causes
many problems, including drought, acidification of ocean water
and global warming [2,3]. One of the methods of CO, capture
is the use of the calcium looping process [4]. In this process was
carried out the carbonation-calcinations reaction that carbon
dioxide gas from coal combustion is separated and pure hydrogen
is produced [5,6]. Research shows for the carbonation-calcinations
reaction has shown that initially the rate reaction is rapid and
chemically controlled, but then undergoes a sudden transition to
a slower diffusion controlled regime. Therefore, the carbonation-
calcinations reaction can commence with a regime of the residence
time of the solids chemical and diffusion controlling step then
followed by a pure diffusion controlling regime. The reaction rate,
that with increasing the residence time of the solids, more oxygen
from CaO took part in the reaction with CO, gas which accordingly
improved the reaction in the carbonator reactor [7]. The Coal-CaO-
steam system consists of gasifier and regenerator reactors and the
reactions of this process are shown in Figure 1 [8]. CO, carbonation
with Ca0 has the advantages such as: a) production of CO, carbonate
and ready for separation, b) removal of CO, from the system, c) the
production of hydrogen-rich gas stream, d) providing the required
heat for coal gasification [5,9]. If the pure oxygen is used in the

combustion reaction, the output flow from the regenerator reactor
has a high concentration of CO, that is separated and stored [10]. In
this process, if the residence time of the solid material CaO in the
carbonator is increased, absorption capability can be achieved. In
thisresearch, the CaO process was studied by proposing a developed
model of the fluidized bed reactor in the Aspen Plus software.
Energy and economic analysis were also conducted with Aspen
Energy Analyzer and Aspen Economics Analyzer, respectively.

The Simulation Results

In the coal-CaO-steam system, there are the gasifier, the riser
and the regenerator reactors [11]. A series of R Yield and R Gibbs
reactors in the Aspen Plus software was considered as a fluidized
bed reactor (Figure 2) [12]. In the Coal-CaO-steam system, the
coal is initially introduced into the R Yield reactor and pyrolysis
and decomposes at temperature of 1050 °C. Characteristics of coal
and operational conditions can be found in Tables 1&2, according
to reports of Chen S et al. [4]. Simulation of the R Yield reactor
has been carried out with the Calculator and Fortran sections
of the Aspen Plus software. The Gibbs reactor was used to carry
out equilibrium reactions. The production rate was calculated in
the reactor output stream, using the minimum Gibbs free energy
system. The simulation results of Gasifier, Riser and pyrolysis
reactors are presented in Table 3.
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Figure 2: Flow diagram of carbonation-calcinations process conditions modelled in Aspen Plus.

Table 1: Characteristics of coal [4]. Lower heating value (LHV fuel) =26.81MJ/kg.

Proximate Analysis % (Mass, Air Dry) Ultimate Analysis % (Mass, Air Dry)
Moisture 5 C 66.07
Ash 9.5 H 5.07
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Fixed carbon 46.26 0 9.5
Volatile 39.24 1.19
3.67
Table 2: Operational conditions for Coal-CaO-steam system.
Atmosphere pressure (bar) 1.01325
Atmosphere temperature (°C) 25
Coal flow rate (kg/s) 1
Steam temperature (°C) 500
Gasifier temperature (°C) 700
Regenerator temperature (°C) 900-1100
Riser temperature (°C) 450-600
System pressure (bar) 1-10
Calcium recycle rate (mol/s) 10-60
Molar flow rate of steam (mol/s) 10-150
Table 3: Outlet gas compositions for the Gasifier, Riser and pyrolysis cases simulated.
Gas Component Pyrolysis Gasifier Riser
kg/h Kg/h Vol% Kg/h Vol%
co, 2086.874 638.266 6.569 48.14967 0.5457
co 5.9123E-06 427.228 6.98 24.18231 0.4306
H, 167.8958 313.487 70.433 335.4749 83.998
N, 20.69139 20.691 0.334 20.69139 0.003686
H,S 114.6894 114.689 0.0152 114.6894 1.67
CH, 37.65833 37.65833 10.094 0.285 0.74791
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Figure 3: The effect of the steam flow rate input on hydrogen production case simulated.

The simulation results are shown in Table 3 that more than
98.96vol% of CO, along with combustion of coal is captured and the
hydrogen purity can reach 84vol% at a steam flow 40mol/s and CaO
recycle rate 30mol/s [4]. In addition, the simulation results show
that increasing the steam flow rate will lead to more CO, capture

and increase H, production (Figure 3) [9]. However, increasing the
flow rate of the steam increases the system'’s the operating costs
of carbonation-calcinations process. The results, indeed, a suitable
the steam flow rate is about 2594.00kg/h. The energy analysis of
the Coal-CaO-steam system was carried out with the Aspen Energy
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Analyzer (Figure 4). The simulation results indicate that the entire
energy requirement of the Coal-CaO-steam system is 4.635+3kw.
In addition, economic analysis with Aspen Economics Ananlyzer

shows that the operating cost of the system is about 914350%/year
and the cost of ethyl iodine is about 4.5508$/h [10].
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Figure 4: Aspen Energy Analyzer flow sheet of the simulation.

Conclusion

In this work, calcium looping process simulation was
carried out for production of pure hydrogen and carbon dioxide
absorption from coal combustion. The fluidized bed reactor used
in this process was developed with the Aspen Plus software. The
development of fluidized bed model was carried out from one
reactor to eight reactors (gasifier and regenerator). The results
show that CO, emission is about 2086.874kg/h from 3600kg/h of
coal combustion. The results show that more than 98.96vol% of
CO, along with combustion of coal is captured and the hydrogen
purity can reach 84vol% at a steam flow 40mol/s and CaO recycle
rate 30mol/s. The calcium looping process has many advantages
over CO,absorption with chemical solvents. Among the advantages
of this process is the high capacity of calcium oxide, good ability to
remove CO, and pure H, production, which can be used in various
industries.
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