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TCorresponding author :
ysbaek@suwon.ac.kr Abstract >> The cement industry emits a large amount of greenhouse gases com-

_ ‘ pared to other industries, with about 60% of CO, emissions from the decarbon-
Ez\cli‘:;zd ;Az;'r’if%; ation of limestone and about 40% from the combustion of fossil fuels. Therefore,
Accepted 25 April, 2024 the cement industry needs to reduce greenhouse gases through carbon capture,

utilization, and storage technology. Capturing CO» and synthesizing it into meth-
anol is feasible and also useful as raw material for the chemical industry and as
marine fuel. In this study, We aimed to produce methanol from syngas produced
by capturing CO2 emissions. Process simulations were performed under various
conditions such as syngas ratio, temperature, and pressure for the production of
synthesis gas and methanol, and the results showed that the optimal amount of
methanol production at a synthesis gas ratio of 2.03.
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Fig. 1. CO2 emissions sources in the cement industry1
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Table 1. Process conditions for CO. reforming and methanol
production simulation

Conditions CO; reforming MeOH production
Temperature ('C) 850 150, 200, 250, 300
Pressure (bar) 20 10, 20, 30, 40, 60
CH4/CO,/H,O 1/0.61/0.47-1.65 -
H,/CO - 1.66,1.75,2.03,2.16
100 e o a ' a }30
N
25
g 804
g = A = :_:_7—7;,_:7’1":'_’_77_: 2.0
£ 60 e
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Q' I
S 40
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Fig. 3. Effect of reforming reaction temperature on CH4 and CO;
conversion rate and H2/CO ratio
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C1~C2: Compressor, E1~E5: Heater M1: Mixer,
R1: Reformer, R2: MeOH synthesis reactor

Fig. 2. The process simulation for methanol synthesis from SCR reaction
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Fig. 4. Effect of reaction temperature on methanol product and
hydrogen conversion rate
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Table 2. The effect of water amount on syngas(H2/CO) ratio

Reactants (CH4/CO,/H,0) Product (H,/CO)
1/0.61/0.47 1.66
1/0.61/0.95 1.75
1/0.61/1.40 2.03
1/0.61/1.65 2.16
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Fig. 5. Effect of H2/CO ratio on methanol product and hydrogen
conversion rate
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Table 3. Exergy amount analysis results of synthesis gas and methanol production

Item Syngas MeOH
CH4/CO»/H,0 1/0.65/0.95 1/0.65/1.4 -
Reactant (mole ratio)
H,/CO - 1.75 2.03
Exergy IN (kJ/kmole) 12,869 12,870 6,596 6,854
Exergy OUT (kJ/kmole) 1,178 1,346 803 1,370
Expn 852 1,096 532 781.5
(Sjﬁil(;te) Excn 327 2795 2915 612.3
Exmix -26.6 -82.3 -30.6 -28.5
Steam (kJ/kmole) 25.6 52 10.1 4.65
Destroyed exergy (Exqest, kJ/kmole) 11,691 11,524 5,793 5,484
Destroyed exergy rate (Exqes/Hz, %) 59 45 61 43
H, product 194 253 -
Product (kmole) MeOH - 94.4 126
H,/CO 1.75 2.03 -
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