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platform. Based on the benchmarking analysis
method, the methodology of energy efficiency performance on temperature swing adsorption (TSA) is presented,
including processes, parameters, model, etc. The effect of adsorption temperature and desorption temperature on the
energy efficiency performance of TSA was analyzed, the feasibility of proposed method is demonstrated and
quantified, and the influence of boundary changes on the evaluation results was discussed as well. The proposed
method could provide a generalized guidance to the benchmarking evaluation of energy efficiency performance of
carbon capture with specific case.
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Table 1 Bed geometry and thermal performance parameters

Parameter Value
Bed diameter/mm 80
Bed length/mm 760
Bed wall thickness/mm 2
Internal heat exchange tube diameter/mm 10
Internal heat exchange tube length/mm 1100
Bed porosity 0.565
Pipeline diameter/mm 10
Pipeline length/mm 2000
Metal material heat capacity/[J/(kg-K)] 502.48
Metal material density/(kg/m’) 8030

Thermal insulation material heat transfer coefficient/[W/(m*+K)] 0.02

3.1 BRI
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Table 2 Physical parameters of adsorbent Table 3 Operating parameters
Physical parameter Value Parameter Value
Adsorbent specific heat capacity/[J/(kg*K)] 920 Adsorption temperature/K 273, 280, 288
Particle density/(kg/m’) 1099.5 Desorption temperature/K 363,373,383
CO, adsorption heat/(J/mol) -26050 Adsorption pressure/MPa 0.01
N, adsorption heat/(J/mol) —13360 Desorption pressure/MPa 0.04
Gas constant/[J/(mol *K)] 8314 Ambient temperature/K 288
Saturation adsorption of CO,/(mol/kg) 5.445 Mole fraction of CO, import/% 15
CO, purity/% 90
A AR O, SR B 4 AHE O, Y, IL T €O, ecovery 5

R LUZ DY S = AR U BRI BRI A R 4

P4 FTR. R BB AR ki gy SFRETREB TR T

DN ——

“-.' “hht \Lb.
Boundary 1: | | i T
R s Quisroen=Q*Q+Q
i ~ X l,:/ adsorbent—Q1TQ21Q3
Adsorbent | FFEL RS —
L
Boundary 2: ;
Adsorption : : Qchambeeradsorbent"'Q4+Q5+Q6
chamber = /1/
1 =
'n Z r:\ ..... -
i i
91 |
Boundary 3: | | I ‘ D L B
SyStem v t L ‘_.‘ T § ; ststem:QChamber+Q7+Q8

K4 TSALFRRI»REE

Fig.4 Diagram of boundary division of TSA
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Table 4 Calculation method of energy consumption of each part

Energy consumption of each part

Formula

Sensible heat of adsorbent
Sensible heat of adsorbate (including sensible heat of gas)
Latent heat of adsorbate

Sensible heat of metal parts

Heat dissipation of adsorption chamber

Heat dissipation of pipeline parts

Heat consumption of other auxiliary

Energy consumption of the whole system

0, :CNX Vxp,x(Ty—T,)
05+ Q4 =C, o, xAgx(Ty = T})
O3 =AHy xAqy, +AH X Aqco,
Q5=C, xpxV ,x(Ty—Tp)

(T = Tig, )t
T d, 1

0, :Cp, XpxV, X(Tp.i - Tm)

w
Qs—( 7.
—_—
Ty
_ 0,1+0,+0;+0,+ 05+ 0+ 0, + 0y
e= Aq

Note: C,  is adsorbent specific heat capacity [J/(kg=K)], V' is adsorption chamber volume (m’), p, is adsorbent density (kg/m’), C

.co, 1S adsorbate specific heat

capacity [J/(kg°K)], Ag is the amount of CO,capture (mol/kg), AH(.Ozis CO, adsorption heat (J/mol), AH, is N,adsorption heat (J/mol), prsis metal

material specific heat capacity [J/(kg*K)], p,is metal material density (kg/m’), V, is metal parts volume (m’), / is thermal conductivity (W/mK), 4 is

convective heat transfer coefficient [W/(m**K)], Ti .

temperature (K), for 4-step TSA process, i=1,2,3,4, d_, d,

> U Yo

pipeline parts volume (m®), T )
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3 e AR I W B UL B2 AR A 0% 2, el PR R B R B
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Adsorption temperature, T, /K

Specific energy consumption, e/(kd/kg CO,)

is the average temperature of the fluid on the inner wall of the adsorption chamber (K), 7i; is ambient
is the inner diameter and outer diameter of the adsorption chamber (m), 7 is cycle time (s), V', is

» T, ,is the inlet and outlet temperature of pipeline (K).
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Fig.5 Energy consumption of each part changes with adsorption temperature 7, (comparison between standard results and
experimental results)
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Table 5 The influence of boundary demarcation on energy efficiency performance

Condition 1 Condition 2

Condition 3

Condition 4 Condition 5 Condition 6

T,=273K, T, =363 K 7,=280K, T,=363K T,=288K,7,=363K T,=363 K,T,=288 K T,=373K,T,=288K T,=383K, 7,=288 K

e-B1/(kl/kg) 1848.1 1937.1
e-B2/(kl/kg) 8963.1 10056.4
e-B3/(kl/kg) 11890.6 13564.9
. 0.029 0.027
coP, 32 2.6

CO2

2136.8 2136.8 1958.3 1862.1
12284.1 12284.1 10890.4 10129.7
16951.5 16951.5 27272.9 25085.1
0.022 0.022 0.027 0.029
1.9 1.9 1.9 1.8

Note: e-B1 refers to the specific energy consumption under boundary 1 (adsorbent) condition, e-B2 refers to the specific energy consumption under boundary 2

(adsorption chamber) condition, e—B3 refers to the specific energy consumption under boundary 3 (system) condition.
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