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Abstract — Estimating potential of CO, emission reduction of non-capture CO, utilization (NCCU) technology was eval-
uated. NCCU is sodium bicarbonate production technology through the carbonation reaction of CO, contained in the flue
gas. For the estimating the CO, emission reduction, process simulation using process simulator (PRO/II) based on a
chemical plant which could handle CO, of 100 tons per day was performed, Also for the estimation of the indirect CO,
reduction, the solvay process which is a conventional technology for the production of sodium carbonate/sodium bicar-
bonate, was studied. The results of the analysis showed that in case of the solvay process, overall CO, emission was esti-
mated as 48,862 ton per year based on the energy consumption for the production of NaHCO; (7.4 GJ/tNaHCO;). While for the
NCCU technology, the direct CO, reduction through the CO, carbonation was estimated as 36,500 ton per year and the
indirect CO, reduction through the lower energy consumption was 46,885 ton per year which lead to 83,385 ton per year in total.
From these results, it could be concluded that sodium bicarbonate production technology through the carbonation reaction of CO,
contained in the flue was energy efficient and could be one of the promising technology for the low CO, emission technology.
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Fig. 1. General process scheme of CCS & CCU.
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Fig. 2. Overall scheme of NCCU process.
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Fig. 5. Process block diagram for the manufacture of soda ash by the solvay process.

2-2. El7]1&: Solvay 24 TR

FTY BRI EE 2 SERIGES AlZE A 7S A
Solvay &7, Trona 2 Nahcolite 7]+ 3% Nephehne I
7Vdarte] eAksg 3 o & 7}% RO} o] & 7}
AR Ve Yol At 3 o 2 & Yol X|= Solvay
+4E 5 5 3tk 20043 - 2tHakd E S|(ESAPA, European
Soda Ash Producers Association) X114l W= 20003 7|0 2
Solvay &7l 23t 'R FEF Az o] A 5752 oF 50% oV
AR 3= A2 A E L ATHS]. A7) 3782 P ERNaCl)
JJr 45]4(CaCO,ys TUEE ARSI Yo Fau = Thies
Ao g skt & 7] 7P & A ATl ol &
%E(oﬂﬂ_b}e = u] )\-1§])\-1) % 3].0% {\l"}j’ﬁ,ii o]%o]
2 BRI EF 52 FHYERS A4HE 4 vk Aol
Solvay &7 78+ Fig 59} 2t

37 0lx ] Whg-2 vkt 2ok YAk AR HEF(NaCl) 8
oMy} QFF Lo}S WE-2-A]7A] ammoniated brineS AY/J St} o]o] A
ammonium brine¥} CO,$}+2] BHE-& B3l Y= F vlo]7tR o] E
((NH4),CO,7} /3 €ct. A4 g ulo]7H o] E(NH4),CO;)
9} CO,0k) HHE-0 7 oty SR Elo] = (NH,Cly7F A ErHs]

rlo

_L4

_ilm

52 R >i
o it o

NaCl + H,0 + NH, = NaCl + NH,0H 3)
2NH,OH + CO, = (NH4),CO5+ H,0 )
(NH4),CO, + CO, + H,0 = 2NH,HCO, ()
2NH,HCO, + 2NaCl = 2NaHCO, | + 2NH,CI (6)

olojA] %71 ¥k-g-2) 60l &3] A E FRAIERS THE 7

A B2 F o] whg-2] 70 o8 ©EE(Na,CO,) 0 Z A
gt

2NaHCO, = Na,CO, + CO, 1 + H,0 )

Solvay &0l HH3-S $13F COA= 41 3]4(CaCO,)0) AE& =

FalA BoiA| 1, Ca(OH),S}H] WHE- S & NHy7F 3]¥th. 247 A

3] o] ARE3= 950~1,100 °CoNA] o] =o] tfets] H2 ol
A7} Fjo] At

CaO + H,0 = Ca(OH), ®)
2NH,CI + Ca(OH), = CaCl, + 2NH; + 2H,0 ©)
Na,CO; + CO, + H,0 = 2NaHCO, (10)

AR vlg} o] T FRER 9 FEREF AlZE $gt
Solvay 3782 CO, '2A-E 913 4134 9] D3l (Lime kiln) X 7]
El 3 ollA] 24s] W oA 7} Al E=d] fH A B 3
HaxAe] M= BRI ER A|Z23 gl QlolA] elluf#] Ag-o]
A B8] oF 30%E AABH= A0 R HalE| 3 QITH8].

3.3 &AM

3-1. iy 33

CO, &8 THAER Alx7 s o R & dA Co, 5%
2ol obA A e o] Al &5 9 Ve =2 208 the Y
Aot ENE 5= b4 AAE vigl 2ol shell 100E2] COE
A g = Qe ZWEQTY 36,500 CO, A2 715z 31l o

&

Korean Chem. Eng. Res., Vol. 53, No. 5, October, 2015



594 oA - o5 - AT - e -

Table 1. Baseline condition

1 - ABE - AFY AT

Table 3. Key assumptions for the estimation of CO, emission

Part Unit Figure Parts Unit Figure
m’/hr 2,700 Combustion - PC (Pulverized Combustion)
CO, flow rate . .
ton/d 100 Boiler Energy efficiency % 41
N, flow rate m’/hr 15,300 Power Load factor % 95
Feed flue gas . —
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Gas temperature °C 40 Coal Heat rate GJ/ton 25
Gas pressure bar 1.0 Carbon % wt% 64.50
Carbonator stage - 7
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Carbonator pressure bar 1.0 ggoz 34 85 93t o] AMgol w2 COo, 2] o
Compressor pressure bar L5 20 A7) ubd geke] shE 2 95 :é & e e 59
. Electrolysis tempc.trature °C 40 9z o] Bhnalet Al RS 7|20 2 ARSI 0 xpAEH 1182 2]
Electrolysis Energy consumption kWh/tCl, 2,500 12)-(14)9} 2}
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A7) A oF 1VHES] COZL WIER[9]). s 9] 7+x / AH FA=E(GI/ton) (13)
212 Table 13} e, Wj7h20] 2 Alekahel ol A s A3 CO, A (Tonly) = AZF AR AIeh) F
= W78 5L CO, EE(FY 14~15%)5 LS 3t or, x AT B (wi%)/ 100 x 44/12 (14)
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Table 2. Energy consumption of the Solvay Process

Process energy consumption

Parts
GJ/t Na,CO;, GJ/t NaHCO;,
Fuels (lime kiln) 2.50 1.577
Fuels (soda ash),
Energy including electricity 925 5835
Sum 11.75 7.412
Comment reference [8] Conversion from GJ/t Na,CO; to

GJ/t NaHCOj; using reaction 10
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Fig. 6. Process model by PRO/II 9.1.

Table 4. Energy consumptions of the NCCU process

Parts Unit Figure
Pumps kW 15
Blower kW 157
Electrolysis kW 8,300
Others (Drying, De-watering) kW 450
Sum kW 8,922
& 5 It oA AA = ukel 2o o, A ARFREe] 79 vk
2] CO,F A7l oM s 7HArke] ©iks) vk
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&3 Y A7 S s Atel7t flis Ao THdete] 4
oA AeJstal FERMIES Alzggel sHyste] AbgH). 44
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Table 5. Summary results
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Technology

Key performance data Unit - = Comment
This study Conventional: Solvay process
Direct CO, reduction tonCO,/yr 36,500
Indirect CO, reduction tonCO,/yr 46,885
- Energy consumption*® GJ/ANaHCO, 0.3 741 Brine electrolysis not considered
- CO, production for the electricity generation tonCO,/yr 1,977 48,862 - 46,885
Total CO, reduction 83,385 Direct+Indirect CO, reduction
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