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Abstract

As one of the technologies to achieve carbon neutrality, the capture of CO, from automobile exhaust gas has
been studied. With the aim of demonstrating that a CO, capture system, intended for installation in passenger
cars, can continuously repeat CO, absorption and desorption, we conducted system evaluation and
experimental validation. The outline of the system is that by using two adsorption beds, CO, is adsorbed in one
bed while it is desorbed by depressurization in the other bed (Pressure Swing Adsorption). Repetition of CO,
absorption and desorption is made possible by switching between the two beds through valve operation. Based
on this concept, the specification of the adsorption bed and control logic were studied using a 1D-CFD tool,
and an experimental verification was conducted. The experimental conditions included a test with a constant
exhaust gas flow rate and temperature, as well as another test simulating WLTC mode driving. As a result, it was
shown that a CO, capture system with two adsorption beds can continuously repeat CO, absorption and
desorption, that the calculation model can reproduce the behavior of CO, adsorption with sufficient accuracy to
extract system requirements, and that about 50% of CO, can be captured during WLTC mode driving with the

engine warmed up.
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Fig. 4 Relationship between Adsorption Bed Volume
and CO, Capture Ratio

Table 1 Specifications of Adsorption Beds

Inside Volume m’ 0.011
Inside Diameter mm 133.8
Length mm 796

Pressure Threshold

v good ’ — 0.5kPa
é o 0.7kPa
SN 5 0.9kPa
8 1 o <+“—> — 1.1kPa
10% 3g/s —— 1.3kPa

Gas Flow Rate — 1.5kPa

Fig. 5 Relationship between Pressure Threshold and
CO, Capture Ratio
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Fig. 6 Diagram of the Experimental Setup

Table 2 Specifications of Components

Vacuum | Ultimate Pressure (Ideal) Pa 0.3
Pump Max Pumping Speed m’/s | 0.083
Chiller Cooling Capacity kw 9.6

Table 3 Specifications of the Engine

Engine Type — DOHC 16-Valve 4-Cylinder
Bore X Stroke mm 89 X100
Compr(.essmn . 13.0: 1

Ratio
Fuel — Unleaded Regular Gasoline
3.2 IREESRMF

FARTIE, TP OREEE, BRzEETR—
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Table 4 Test Conditions for Steady-State Tests

1

Engine Speed min- 1470
BMEP kPa 330
Excess Air Ratio — 1

WLTC E— RETIREERROBRERTIO B I, #EIX
HOCO,BEMN 1% RoT=21I>T, TNUREICD
WTIIRBEITIZER DOMBEIRDOESIN 1kPa AT E R o7z
BAZIOTICTI2 T BE, RAETIIRBREBEDE
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WMEFIC H,O BRE L TVWRREEZER L TW5, &E
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7o
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