NC STATE Feasibility of CLC of Industrial Tail Gases for CO Production @CBE
U N |VER S |'|'Y Chloe Andreasen, Ben Clements, Lydia Hatfield, Conor O’Brien NCSTATE@

Mentors: Dr. Luke Neal, Dr. Fanxing Li UNIVERSITY

Motivations ASPEN Reactor Model

(i

Investigate novel pathways to carbon $12,000,000.00
. . . $10,000,000.00
monoxide (CO) generation, which NG/LG Feed CO Product $8,000,000.00 RSP= $328/tonne CO
. . . 1] $6,000,000.00
transform low-value industrial tail Blast Furnace Gas (BFG) 2] $4,000,000.00
o . ] Carbon Monoxide '9—1' $2,000,000.00 B ROR 12%
gases containing GHGs into higher - (co) 2 N
‘ ] - L B ROR8%
. . [3] 9',: ; f“ - (4] % $(2,000,000.00)
value intermediate products. Natural Gas (NG) o 18.000.000.00) I

$(6,000,000.00)

n"h Year
1. Design a CLC process to transform industrial tail gases, Natural Gas Separation Figure 6. NG Discounted Plant Lifetime Profitability.
and Landfill Gas, into the high value intermediate product CO. $12.000,000.00
2. Evaluate the throughput, sustainability, and profitability of the two $10,000,000.00
$8,000,000.00
feed gases. Liquid H,0 BFG Feed =  $6,000,000.00 RSP 5325/tonne CO
2 $4,000,000.00
E $2,000,000.00 m ROR 12%
= 5-
$(2,000,000.00) ‘WS j o ROR 8%
. . . $(4,000,000.00) 7
Figure 4. Overview of reactor model created in ASPEN. 10
COZ T 2H20 + 4M€0x_1 — CH4 T 4M€0x (1) Table 2. ASPEN Simulation Throughput and Heat Results. 3(6,000,000.00) - 12 13 14 15 ROR 5%
- CH, oxidation reaction produces Flow Type “ vear
stream mostly consisting of CO, and Figure 7. LG Discounted Plant Lifetime Profitability.
\ H,0. Feed throughput (kmol/yr) 54,800 87,600 - The d'scountEd ROR Of.S% n bOt.h
NG: CH, + CO - CO,/H,0 stream cooled from ~700°C scenarios produces a higher profit
RSN wr— to 40°C for flash separation. Amount of CO, fed (BFG) - L6, 7% by the end of plant lifetime.
- |Equilibrium KR TG0 . 2 111,000 82,800 . o
SRR - H,0 removed and CO, combined (kmol/yr) - The discounted ROR of 8% reveals
e s ith an additional CO, feed, BFG o g RSP at th f the mark
Eoet v ionty| with an additiona ee : = NG, 7% an at the top ot the market
AL | 4CO 2 ’
; - CO, stream heated back to ~700°C Annual Production of CO A”% (S345/tonne CO)’ making the
2 HaO 2= g 154,000
2 preparing for the CO, splitting (kmol/yr) B

process vulnerable to market

reaction. i i | A fluctuations.
. LG, 21% NG, 19
- Egz readCtStarld produces ~94% purity ATg;J/iL:EZtC%U)W 9.15 111 - NG COM, < LG COM, due to lesser
product stream. N % " -
4C0, + 4MeOy,_; — 4CO + 4MeO, 2) ) .“ntt"e'tgyr:tc.’;s from having better heat
| ion.

Figure 2. Schematic for Hybrid Redox Process (HRP). SUStalnablhtV "L e COM,= $3,920,000 _ Non-Discounted Net Profitability:
Feed gas inlet compositions were established for Natural Gas (NG) and G NG Both NG and LG scenarios are . -;c';Echgwnd}-C:Lcocl::-c:h;:osf::zd

Landfill Gas (LG) scenario, whereas BFG was approximated as pure CO,. 8 000,000 strongly net negative, with GWPs 'gure 8. Non-Discounte ¢ OT N5 ana L. NG: -S747,000, LG: -S515,000
Table 1. Proposed Methane Feed Gas Compositions (mol %) for HSC Chemistry Simulations.5¢ of -16,400,000 and as LG generates more C02 credits

Feed gas CH, co, o, N, H, 4,000,000 -15,600,000 kgCO,-eq.
Te 50 45 , 3 ) 5,159,418 2000 - NQ is Imore sustalnadble du(e]| Conclusmns
to its lower energy deman ) . L
5Y 1. An ASPEN simulation of the process was completed, proving it is
NG 80 15 3 - 2 0 - Thus, NG produces less CO, . . .
. . possible at 97% yield for 94% purity CO product.
from fossil fuel burning.
HSC Chemistry simulations were completed to determine to the optimal 000000 - Both are so strongly net - The NG scenario had a lower energy demand, which improved its
operating temperature for each feed gas: . negative that either feed is a profitability and sustainability.
o . .
=" %: sustainable improvement. 2. The sustainability metrics of this process show that it consumes a
= 2 8000000 117 371,038 116,134,903 | | significant amount of CO,, making this process much more desirable
S < The sustainable improvement than traditional CO production pathways.
S 000000 upon traditional CO production is 3 Th , P 4 8% ROR. thoush a 5% ROR
E i ,000, the use of BEG as an oxidizing : e.pr.ocess IS pro ita ? under an 8% OR, t. c?ug a 5% iS more
= 365 agent realistically feasible, as it keeps economic efficiency through market
O 225 16,000,000 _ For NG and LG, the fluctuations under both NG and LG scenarios.
T magnitude of GWP better
& Deoa 625 650 675 700 725 750 -3,643,220 SoepE than SRM can be observed ACknOWIEdgementS REferenCES
Temperature (°C) 200PB000 as -4,880,000 and Fr——
. . oo . . O 1o -3,640,000 kgCO,-eq. Thank you to Dr. Luke Neal, Dr. Fanxing Li, Dr. Lisa
Figure 3. HSC Chemistry Simulations of Feed Gas Scenarios. -24,000,000 - NG requires more BFG due Bulla rd; and Mr. Aaron Frye for their SUppOFt,
. . ; . ectric : .
NG: 685°C LG: 708°C MFeed WBFG mProduct M Electricity the greater CH, content. guidance, and feedback throughout this process.
Figure 5. Annual Net GWP of NG and LG Feed Scenarios.




	Slide 1

