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PAPAS CHANAROKE : PROCESS DEVELOPMENT OF BIOGAS
UPGRADING FOR VEHICLES. THESIS ADVISOR : ASST. PROF.

WEERACHAI ARJHARN, Ph.D., 93 PP.

BIOGAS/BIOGAS UPGRADING/ADSORPTION/PRESSURE SWING

ADSORPTION

The objective of this study was to develop a process of biogas upgrading by
eliminating carbon dioxide presented in the biogas, which has effects on the
increment of heating value and wobbe index. The study was carried out by
investigating factors of pressure swing adsorption process that affects the efficiency
of carbon dioxide adsorption system. The experiment was divided into three parts, i.e.
the study of fixed bed system, the study of pressure swing absorption system and the
study of engine performance using biogas as a fuel.

Results of the fixed bed system indicated that adsorbent types, adsorbent
quantity, temperature and-pressure had.effects on the extent of adsorption. Higher
pressure and lower temperature resulted in an increase in carbon dioxide adsorption.
In addition, the increase of adsorbent quantity was found to increase the adsorption.
Among the adsorbent types, the adsorption of Zeolite 13X was better than those of
other activated carbons. For the pressure wing adsorption system, factors affecting the
adsorption and adsorption efficiency at the pressure of 7 bar and temperature of 4°C
was investigated. The absorbent Zeolite 13X and CGC12 was able to increase the
methane ratio in biogas from 70% to 96% and to 85%, respectively. The study of

engine performance showed that even though the upgraded biogas caused a drop in



the engine efficiency compared with gasoline, it could completely replace the use of

gasoline.
School of Mechanical Engineering Student’s Signature
Academic Year 2011 Advisor’s Signature
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Energy consumption
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H,S co-removal Yes Contaminant Possible Possible
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dt
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2.2.3.2 Pseudo—Second Order Equation
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%ﬂz(qe—qt)2 (2.13)
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Power = g (2.20)
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Molecular Sieve 13X

Molecular Sieve 13X is the sodium form of the type X crystal and has a much larger pore opening than the type A
crystals. It will adsorb molecules with a kinetic diameter of less than 9 Angstrom (0.9 nm) and exclude those larger. It
also has the highest theoretical capacity of the common adsorbents and very good mass transfer rates. It can remove
impurities too large to fit into a type A crystal and is commonly used to separate nitrogen from oxygen.

m Typical Chemical Formula : Na20 . Al203 . (2.810.2) SiO2 . (6~7)H20
n Si02 : Al203 *2.6-3.0
u Technical Parameter

Item Unit Technical data

IShape Sphere
Diameter mm 1.7-2.5 3.0-5.0
Size ratio up to grade % 296 296
[Bulk density alml >0.64 20.64
[Wear ratio % <0.10 <0.10
ICrushing strength N 225/piece 265/piece
IStatic water adsorption % 223.5 223.5

ta ic CO2 adsorption % 218 218
[Water content, as shipped % 1.5 <1.5

u Application

= Removal of Ethylene Glycon, CO2 and moisture from air (air pre-purification) and other gases.

= Separation of enriched oxygen from air. Production of bulk oxygen in PSA units .

= Removal of mercaptans and hydrogen sulphide from natural gas.

= Removal of mercaptans and.hydrpogen sulphide from hydrocarbon liquid streams (LPG, butane, propane etc.)
u Catalyst protection, removal of oxygenates from hydrocarbons (olefin streams).

= = Production of medical oxygen in-small scale oxygen concentrators

B Regeneration: :Molecular sieve Type 13X can be regenerated by either heating in the case of thermal swing
processes; or by lowering the pressure in the case of pressure swing processes.
To remove moisture from a 13X molecular sieve, a temperature of 250-300°C is required. A properly
regenerated molecular sieve can give moisture dew points below -100°C, or mercaptan or CO2 levels below 2

ppmv.
The outlet concentrations on a pressure swing process will depend on the gas present, and on the conditions of

the process

B/ Size: 13X - Zeolites are available in beads of 1-2 mm, (10x18 mesh) 2-3 mm, (8x12 mesh) , 2.5-5 mm, (4x8
mesh) and as powder, and in pellet 1.6", 3.2".
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2 bar 4 bar 5 bar 6 bar 7 bar
Time (sec)
CH, CO, CH, CO, CH, Co, CH, Co, CH, Co,
0 93.5 6.5 94.8 52 94.8 5.2 96.2 3.8 95 5
15 93.5 6.5 94.8 52 94.8 5.2 96.2 3.8 95 5
30 93.5 6.5 94.8 52 94.8 52 96.2 3.8 95 5
45 93.5 6.5 94.8 52 94.8 52 96.2 3.8 95 5
60 93.5 6.5 94.8 52 94.8 52 96.2 3.8 95 5
75 93.5 6.5 94.8 52 94.8 52 96.2 3.8 95 5
90 93.5 6.5 94.8 17 94.8 52 96.2 3.8 95 5
105 93.5 6.5 94.8 5.2 94.8 52 96.2 3.8 95 5
120 87.2 12.8 94.9 5.1 94.8 52 96.2 3.8 95 5
135 80.8 19.2 94.8 5.2 95 5 96.2 3.8 95 5
150 76.9 23.1 93.5 6.5 94.9 5.1 96.2 3.8 95 5
165 75.6 24.4 87.2 12.8 94.3 5.7 95.5 4.5 95 5
180 75 25 80.8 19.2 93.5 6.5 94.9 5.1 95 5
195 74.6 254 76.9 23.1 87.2 12.8 94.3 5.7 95 5
210 74.4 25.6 75.6 244 80.8 19.2 93.5 6.5 95 5
225 /5 25 76.9 23.1 87.2 12.8 94.9 5.1
240 74.6 254 75.6 24.4 80.8 19.2 94.8 5.2
255 744 2516 75 25 76.9 23.1 94.4 5.6
270 74.6 254 75.6 24.4 91.3 8.7
285 74.4 25.6 75 25 83.7 16.3
300 74.6 25.4 77 23
315 74.4 25.6 74 26
330 73 27
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2 bar 4 bar 5 bar 6 bar 7 bar
Time (sec)

CH, CO, CH, CO, CH, Co, CH, CO, CH, CO,
0 81.1 18.9 83.7 16.3 75.6 16.2 76.7 16.1 77.6 15.5
15 81.1 18.9 83.7 16.3 80 16.2 79 16.1 79.2 15.5
30 81.1 18.9 83.7 16.3 82 16.2 81.1 16.1 82 15.5
45 81.1 18.9 83.7 16.3 83.1 16.2 82.3 16.1 83.2 15.5
60 81.1 18.9 83.7 16.3 83.3 16.2 82.9 16.1 83.6 15.5
75 81.1 18.9 83.7 16.3 83.5 16.2 83.3 16.1 83.8 15.5
90 81 19 83.7 16.3 83.6 16.2 83.5 16.1 83.9 15.5
105 80.3 19.7 83.6 16.4 83.5 16.3 83.6 16.1 84.1 15.5
120 79.8 20.2 83.5 16.5 83.4 16.4 83.7 16.1 84.1 15.5
135 79.6 20.4 83.4 16.6 83.3 16.5 83.6 16.2 84.1 15.5
150 79.4 20.6 83.2 16.8 83.1 16.7 83.5 16.3 84.3 15.5
165 79.3 20.7 82.9 17.1 83 16.8 83.4 16.4 84.3 15.5
180 79.3 20.7 82.7 17.3 82.7 17.1 83.2 16.6 84.3 15.5
195 79.2 20.8 82.4 17.6 82.5 17.3 83 16.8 84.2 15.6
210 82.2 17.8 82.2 17.6 82.9 16.9 84.1 15.7
225 82 18 81.7 18.1 82.6 17.2 82.9 16.6
240 81.7 18.3 81.5 18.3 82.3 17.5 81.5 16.9
255 81.3 18.7 81.1 18.7 81.9 17.9 81.3 17.2
270 80.8 19.2 80.6 192 81.5 18.3 80.4 17.5
285 80.5 19.5 80.2 19.6 81.3 18.5 79.8 17.9
300 798 20.2 79.7 20.1 80.9 18.9 79.4 18.3
315 79.5 20.5 79.3 20.5 80.6 19.2 79.2 18.5
330 79 21 78.8 21 80.3 19.5 78.9 18.9
345 78.5 21.5 78.4 21.4 79.6 20.2 78.8 19.2
360 78.1 21.9 78 21.8 79.3 20.5 78.7 19.5
375 77.9 221 77.6 222 78.8 21 78.6 20.2
390 71.3 22.7 77.2 22.6 78.3 21.5 78.5 20.5

405 77.1 22.9 77 22.8 77.9 21.9 78.5 21
420 76.6 234 76.6 232 77.7 22.1 78.4 21.5
435 77.1 22.7 78.4 21.9
450 76.9 229 78.4 22.1
465 76.4 234 78.4 22.7
480 78.3 22.9
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2 bar 4 bar 5 bar 6 bar 7 bar
Time (sec)

CH, CO, CH, CO, CH, Co, CH, CO, CH, CO,

0 83 17 83.3 16.7 83.5 16.5 84.9 15.1 85.1 14.9
15 83 17 83.3 16.7 83.5 16.5 84.9 15.1 85.1 14.9
30 83 17 83.3 16.7 83.5 16.5 84.9 15.1 85.1 14.9
45 83 17 83.3 16.7 83.5 16.5 84.9 15.1 85.1 14.9
60 83 17 83.3 16.7 83.5 16.5 84.9 15.1 85.1 14.9
75 83 17 83.3 16.7 83.5 16.5 84.9 15.1 85.1 14.9
90 83 17 83.3 16.7 83.5 16.5 84.9 15.1 85.1 14.9
105 81.7 18.3 81.5 18.5 82.5 17.5 84.9 15.1 85.1 14.9
120 80.5 19.5 81 19 81.2 18.8 84.9 15.1 85.1 14.9
135 79.9 20.1 80.4 19.6 81.2 18.8 84.8 15.2 85.1 14.9
150 79.3 20.7 79.8 20.2 81.2 18.8 84.7 15.3 85.1 14.9

165 78.9 21.1 79.5 20.5 81.1 18.9 84.6 15.4 85 15

180 78.7 21.3 79.3 20.7 80.9 19.1 84.5 15.5 85 15

195 78.5 21.5 79.1 20.9 80.7 19.3 84.4 15.6 85 15

210 78.4 21.6 79.1 20.9 80.6 19.4 83.5 16.5 85 15
225 78.2 21.8 79.1 20.9 80.4 19.6 82.2 17.8 84.9 15.1
240 78.2 21.8 80.1 19.9 82.1 17.9 84.8 15.2
255 78.1 21.9 79.5 20.5 81.5 18.5 84.7 15.3
270 78 22 79.3 20.7 81 19 84.6 15.4
285 77.9 22.1 79.1 20.9 80.4 19.6 84.5 15.5
300 77.8 22.2 79.1 20.9 79.8 20.2 84.4 15.6
315 71.7 22.3 79.1 20.9 79.5 20.5 83.5 16.5
330 71.7 22.3 79.3 20.7 82.2 17.8
345 79.1 20.9 82.1 17.9
360 79.1 20.9 81.5 18.5
375 79.1 20.9 81 19
390 78.8 21.2 80.4 19.6
405 78.8 21.2 79.8 20.2
420 78.8 21.2 79.5 20.5
435 78.7 21.3 79.3 20.7
450 78.5 21.5 79.1 20.9
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2 bar 4 bar S bar 6 bar 7 bar
Time (sec)
CH, Co, CH, Co, CH, Co, CH, Co, CH, Co,
0 83.1 16.9 83.7 16.3 84.2 15.8 84.3 15.7 85 15
15 83.1 16.9 83.7 16.3 84.2 15.8 84.3 15.7 85 15
30 83.1 16.9 83.7 16.3 84.2 15.8 84.3 15.7 85 15
45 83.1 16.9 83.7 16.3 84.2 15.8 84.3 15.7 85 15
60 83.1 16.9 83.7 16.3 84.2 15.8 84.3 15.7 85 15
75 83.1 16.9 83.7 16.3 84.2 15.8 84.3 15.7 85 15
90 83.1 16.9 83.5 16.5 84.2 15.8 84.3 15.7 85 15
105 82.9 17.1 83.4 16.6 84.2 15.8 84.3 15.7 85 15
120 82.4 17.6 83.2 16.8 84.2 15.8 84.3 15.7 85 15
135 81.6 18.4 83.1 16.9 84.2 15.8 84.3 15.7 85 15
150 81 19 82.9 171 83.6 16.4 84.3 15.7 85 15
165 79.8 20.2 82.4 17.6 83.3 16.7 83.6 16.4 85 15
180 79.2 20.8 81.6 18.4 82.1 17.9 83.3 16.7 85 15
195 78.8 21.2 81 19 81.8 18.2 82.6 17.4 84.3 15.7
210 78.4 21.6 79.8 20.2 81.2 18.8 82.3 17.7 83.6 16.4
225 78.2 21.8 79.2 20.8 80.4 19.6 82.1 17.9 83.3 16.7
240 78 22 78.8 21.2 79.6 20.4 81.8 18.2 82.4 17.6
255 77.8 222 78.4 21.6 79.1 20.9 81.2 18.8 81.6 18.4
270 77.5 225 78.2 21.8 78.7 213 80.4 19.6 81 19
285 77.5 22.5 78 22 78.4 21.6 79.6 20.4 79.8 20.2
300 77.4 22.6 71.8 22:2 783 21.7 79.1 20.9 79.2 20.8
315 77.2 22.8 77.5 22.5 78.1 21.9 78.7 21.3 78.8 21.2
330 77.2 22.8 71.5 22.5 78 22 78.4 21.6 78.4 21.6
345 77.2 22.8 77.4 22.6 71.9 22.1 78.3 21.7 78.2 21.8
360 77.2 22.8 77.2 22.8 77.9 22.1 78.1 21.9 78 22
375 77.2 22.8 71.9 22.1 78 22 77.9 22.1
390 77.2 22.8 77.9 22.1 77.9 22.1 77.9 22.1
405 77.2 22.8 77.8 22.2 77.9 22.1 77.9 22.1
420 71.9 22.1 77.9 22.1
435 77.9 22.1 77.8 222
450 77.8 222
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Zeolite 13X CGC 11 CGC 11A CGC 12
Time
% CO, Adsorbed % CO, Adsorbed % CO, Adsorbed % CO, Adsorbed
(sec) 4°C 10°C 4°C 10°C 4°C 10°C 4°C 10°C
0 5.0 6.4 155 16.8 149 15.8 15.0 16.9
15 5.0 6.6 15.5 16.8 14.9 15.8 15.0 16.9
30 5.0 6.4 15.5 16.8 149 15.8 15.0 16.9
45 5.0 6.8 15.5 16.8 14.9 15.8 15.0 16.9
60 5.0 6.5 15.5 16.8 14.9 15.8 15.0 16.9
75 5.0 6.5 15.5 16.8 14.9 15.8 15.0 16.9
90 5.0 6.5 15.5 16.8 14.9 16.1 15.0 16.9
105 5.0 6.5 15.5 16.8 14.9 16.5 15.0 16.9
120 5.0 6.5 15.5 16.8 14.9 16.8 15.0 16.9
135 5.0 6.5 15.5 16.8 14.9 17.3 15.0 17.4
150 5.0 6.5 15.5 16.8 14.9 17.9 15.0 17.9
165 5.0 6.5 15.5 16.8 15.0 183 15.0 18.5
180 5.0 6.9 15.5 16.8 15.0 19.2 15.6 19.1
195 5.0 12.8 159 16.8 15.0 19.9 16.9 20.2
210 5.0 19.2 15.7 17.3 15.0 20.7 17.9 22.0
225 5.1 23.1 16.6 17.8 15.1 21.5 189 222
240 52 24.4 16.9 18.4 152 222 19.2 225
255 5.6 25.0 172 19.0 153 22.9 20.0 22.5
270 8.7 254 17.5 19.7 15.4 20.8 22.6
285 16.3 25.6 179 204 15.5 21.3 22.8
300 23.0 18.3 20.9 15.6 21.7 22.8
315 26.0 18.5 21.5 16.5 21.8
330 27.0 18.9 22.1 17.8 220
345 19.2 22.6 17.9 222
360 19.5 23.1 18.5 222
375 20.2 23.7 19.0 223
390 20.5 24.1 19.6 223
405 21.0 20.2 223
420 21.5 20.5
435 21.9 20.7
450 22.1 20.9
465 22.7 20.9
480 22.9 20.9
495 234




{ @ % § 1 o O
M3 V3. HaMIneaslTnaaIgatuNinadenNuaITa luMIgatUNY

14 J @ o a 1
ﬂﬁ‘UE)uulﬂ@E)ﬂllﬁlfﬂsllﬂ\iﬂ?@.ﬂ“ﬁﬂ‘]fuﬂﬂﬁ 9

79

Zeolite 13X CGC 11 CGC 11A CGC 12
Time
% CO, Adsorbed % CO, Adsorbed % CO, Adsorbed % CO, Adsorbed

(sec) 200g | 300g | 450g | 200g | 300g | 450g | 200g | 300g | 450g | 200g | 300g | 450g
0 7 53 3.7 18.3 15.2 14.4 18.5 15.8 14.9 18 15.2 13.5
15 7 53 3.7 18.3 15.2 14.4 18.5 15.8 14.9 18 15.2 13.5
30 7 53 3.7 18.3 15.2 14.4 18.5 15.8 14.9 18 15.2 13.5
45 7 53 3.7 18.3 15.2 14.4 18.5 15.8 14.9 18 15.2 13.5
60 7 53 3.7 18.3 15.2 14.4 18.5 15.8 14.9 19 15.2 13.5
75 7 53 3.7 18.3 15.2 14.4 18.5 15.8 14.9 21 15.2 13.5
90 7 53 3.7 18.1 15 14.4 18.2 15.8 14.9 21.8 15.2 13.5
105 7 53 3.7 18.1 15.2 14.4 18.1 15.8 14.9 22 15.2 13.5
120 7 53 3.7 18.2 15.5 14.4 18.1 15.8 14.9 22.2 15.2 13.5
135 6.7 53 3.7 18.6 15.9 14.4 18.2 15.8 14.9 22.2 15.2 13.5
150 6.6 5.2 3.7 19.1 16.3 14.4 18.4 16.1 14.9 15.6 13.5
165 6.8 5.1 3.7 19.6 16.8 14.7 18.7 16.5 15 16.5 14.3
180 9.4 5 3.7 20.1 17.3 15 19 16.8 15 17.9 15
195 18.7 5 3.7 20.8 17.8 15.2 19.5 17.3 15 21 16.5
210 24 5 3.7 22.3 18.4 16.9 20 17.9 15 21.8 17.9
225 26.7 5.1 3.7 23 19 18.3 20.5 18.3 15.1 22 18.9
240 27.5 5.2 3.7 24.2 19.7 18.5 21.2 19.2 15.2 22.2 19.2
255 28.3 5.6 349 20.4 19.4 21.9 19.9 15.3 22.2 20
270 8.7 3.7 20.9 20 225 20.7 15.4 20.8
285 16.3 3.7 21.5 204 23.1 21.5 15.5 21.3
300 23 3.8 22.1 20.6 23.6 222 15.6 21.7
315 26 3.9 22.6 20.9 24 22.9 16.5 21.8
330 27 4.2 23.1 21 17.9 22
345 6.4 23.7 21.1 18.5 22.2
360 12.3 24.1 21.2 19 22.2
375 17.4 21.3 19.6 223
390 20 21.3 20.2 22.3
405 21.5 21.4 20.5

420 221 21.4 20.7

435 22.6 21.4 20.9

450 232 21.4 20.9

465 23.5 21.5 20.9

480 23.9 21.5

495 24
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Raw Biogas (%) Outlet Biogas (%)
o) | O [ €O, [ O, [ N, [HS [CH [CO, [ 0, [ N, [ HS
694 | 303 | 01 | 02 0 [ 941 | 56 | 01 | 02 0
2 692 | 306 | 01 | 0. 0 | 941 | 57 | 01 | ol 0
693 | 304 | 02 | o1 0 [ 941 | 53 | 02 | o1 0
69.1 | 306 | 01 | 02 0 | 944 | 44 | 01 | 02 0
3 702 | 296 | 02 | 00 0 [ 953 | 47 | 02 0 0
700 | 297 | 03 | 00 0 [ 951 | 48 | 03 0 0
693 | 305 | 01 | o1 0 | 949 | 51 | 01 | ol 0
4 689 | 307 | 01 | 03 0 [ 947 | 52 | 01 | 03 0
693 | 306 | 01 | 00 0 | 944 | 51 | o1 0 0
697 | 299 | 02 | 02 0 | 948 | 5 02 | 02 0
5 692 | 305 | 02 | 0. 0 | 946 | 49 | 02 | o 0
683 | 315 | 01 | 01 0 | 948 | 51 | 01 | ol 0
699 | 299 | 01 | 0.1 0 [ 947 | 38 | 01 | o1 0
6 69.6 | 301 | 02 | 0. 0 9% | 39 | 02 | o 0
697 | 300 | 01 | 02 0 [958 | 36 | 01 | 02 0
69.5 | 302 | 02 | 0.l 0 [ 961 | 37 | 02 | o1 0
7 690 | 305 | 02 | 03 0 9% | 37 | 02 | 03 0
703 | 295 | 01 | ol 0o [958 | 35 | o1 | ou1 0
M99 ¥4.2 Toyamsnaaer o Tsmenueenuga&i Activated Carbon CGC 11
ANNAY Raw Biogas (%) Outlet Biogas (%)
bar) | OH: | €O, | O, [ No [ WS [CH, [ CO, [ O, | N, | HS
692 | 3077 0 0.1 0 | 803 | 196 | 0 0.1 0
2 694 | 305 |0 0.1 0 _|.-804 | 195 | o0 0.1 0
69.7 | 30.1 | 010 0 {801 | 197 | o1 | o1 0
693 | 305 | 01 | ol 0 | 807 | 190 | o1 | o1 0
3 69.1 | 308 | 0 0.1 0 | 811 | 188 | o© 0.1 0
69 | 308 | o1 | o 0o [ 811 | 187 | o1 | ol 0
69.8 | 302 | 0 0 0o | 85 | 175 | o0 0 0
4 694 | 304 | o1 | ol 0 | 82 | 166 | 01 | o0l 0
696 | 303 | 0.1 0 0 | 834 | 165 | ol 0 0
699 | 299 | 01 | o0l 0 84 | 158 | 01 | 0.1 0
5 70 | 299 | o. 0 0 | 837 | 162 | ol 0
683 | 317 | 0 0 0 | 838 | 162 | 0 0
679 | 318 | 02 | ol 0 | 834 | 163 | 02 | o0l 0
6 693 | 304 | 01 | 02 0o | 838 | 159 | o1 | 02 0
701 | 298 | 0 0.1 0 | 88 | 161 | 0 0.1 0
702 | 297 | ol 0 0 84 | 159 | o1 0 0
7 705 | 293 | 01 | o0l 0 [ 88 | 16 | 01 | ol 0
694 | 304 | o1 | ol 0 | 839 | 159 | o1 | ol 0
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ANWAY Raw Biogas (%) Outlet Biogas (%)
ey | CH [ €O, [ O, [N, [HS [CH [CO, [0, [ N, [HS
68.9 30.8 0.1 0.2 0 824 173 0.1 0.2 0
2 69.3 30.5 0.1 0.1 0 82.3 17.5 0.1 0.1 0
69.3 30.5 0.1 0.1 0 82 17.8 0.1 0.1 0
693 | 304 | 01 | 02 0 |82 ] 165 | 01 | 02 0
3 693 | 306 | 0.1 0 0 | 836 | 163 | 0.1 0 0
693 | 306 | 0.1 0 0 83 | 169 | 0. 0 0
693 | 306 | 0 0.1 0 | 838 [ 161 | 0 0.1 0
4 69.3 303 0.1 0.3 0 829 16.7 0.1 0.3 0
69.3 30.7 0 0 0 834 16.6 0 0 0
69.3 304 0.1 0.2 0 83 16.7 0.1 0.2 0
5 69.3 30.6 0 0.1 0 834 16.5 0 0.1 0
69.3 30.6 0 0.1 0 83.5 164 0 0.1 0
69.3 30.5 0.1 0.1 0 84.3 15.5 0.1 0.1 0
6 69.3 304 0.2 0.1 0 84.1 15.6 0.2 0.1 0
69.3 304 0.1 0.2 0 84.2 15.5 0.1 0.2 0
69.3 30.6 0 0.1 0 84.9 15 0 0.1 0
7 693 | 303 | 01 | 03 0 [ 845 [ 151 | 01 | 03 0
693 | 305 | 01 | ol 0 | 849 | 149 | 01 | o1 0
A3 v4.4 Toyansnaaein 1o TyneuveIn1ugadi Activated Carbon CGC 12
ANNAY Raw Biogas (%) Outlet Biogas (%)
Gay | CHs [ €O O [N, [Hs | ey, Jco, [ o, [ N, [HS
693 | 30470, 02 | 01 0 | 89 | 168 | 02 | 01 0
2 693 | 304 | 01|02 0.1 828 | 169 | 01 | 02 0
693 | 304 | 02 | 01 0 | 8.1 | 166 | 02 | 01 0
69.3 30.6 0 0.1 0 83.6 16.3 0 0.1 0
3 69.3 304 0.2 0.1 0 83.2 16.5 0.2 0.1 0
69.3 30.5 0.1 0.1 0 83 16.8 0.1 0.1 0
69.3 30.2 04 0.1 0 834 16.1 04 0.1 0
4 69.3 30.5 0.1 0.1 0 83.6 16.2 0.1 0.1 0
69.3 304 0.1 0.2 0 83.8 15.9 0.1 0.2 0
693 | 302 | 03 | 02 0 |87 | 158 | 03 | 02 0
5 693 | 305 | 01 | o1 0 [ 841 [ 157 | o1 | o1 0
69.3 30.5 0.1 0.1 0 83.9 15.9 0.1 0.1 0
69.3 30.2 0.2 0.3 0 83.9 15.6 0.2 0.3 0
6 69.3 30.5 0.1 0.1 0 84.1 15.7 0.1 0.1 0
69.3 304 0.2 0.1 0 83.9 15.8 0.2 0.1 0
69.3 304 0.1 0.2 0 84.9 14.8 0.1 0.2 0
7 69.3 304 0.2 0.1 0 84.6 15.1 0.2 0.1 0
693 | 304 | 01 | 02 0 | 845 [ 152 | 01 | 02 0
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Gasoline 91

&2

Engine Speed (rpm) Net Torque (N-m) Power (kw) Specific fuel Consumption (kg/kw-hr)
3600 15.8 5.96 0.294
3550 16.0 5.95 0.268
3500 16.3 5.96 0.248
3450 16.6 5.98 0.248
3400 16.6 591 0.247
3350 16.8 5.89 0.235
3300 16.9 5.84 0.237
3250 17.0 5.79 0.252
3200 17.1 5.73 0.232
3150 17.3 5.69 0.244
3100 17.5 5.68 0.245
3050 17.3 5.53 0.263
3000 17.5 5.50 0.252
2950 17.6 5.45 0.265
2900 17.8 541 0.263
2850 17.9 5.33 0.266
2800 18.0 5.26 0.263
2750 18.0 5.18 0.259
2700 18.2 5.14 0.266
2650 18.3 5.08 0.265
2600 18.3 4.97 0.267
2550 18.4 491 0.274
2500 18.3 4.79 0.276
2450 18.3 4.68 0.281
2400 18.4 4.62 0.299
2350 18.2 4.48 0.299
2300 18.4 4.43 0.308
2250 18.2 4.29 0.319
2200 18.2 4.18 0.321
2150 18.1 4.08 0.340
2100 18.0 3.96 0.351
2050 18.2 391 0.343
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2000

18.0

3.77

0.367

] ) Fl
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Bio methane 90%

Engine Speed (rpm) Net Torque (N-m) Power (kw) Specific fuel Consumption (Nmz/kw-hr)
3600 14.1 5.31 0.446
3550 14.3 5.31 0.405
3500 14.6 5.34 0.373
3450 14.6 5.29 0.378
3400 14.4 5.12 0.385
3350 15.0 5.25 0.356
3300 15.2 5.27 0.355
3250 15.1 5.15 0.383
3200 153 5.13 0.349
3150 15.4 5.06 0.371
3100 15.3 4.96 0.379
3050 15.5 4.95 0.396
3000 15.6 4.89 0.382
2950 15.6 4.82 0.405
2900 15.8 4.81 0.399
2850 16.0 4.77 0.401
2800 15.9 4.65 0.402
2750 16.0 4.61 0.392
2700 16.3 4.61 0.401
2650 16.3 4.52 0.403
2600 16.6 4.52 0.396
2550 16.4 4.37 0.416
2500 16.2 4.24 0.421
2450 16.2 4.17 0.426
2400 16.4 4.12 0.453
2350 16.3 4.01 0.451
2300 16.4 3.95 0.466
2250 16.2 3.82 0.484
2200 16.2 3.73 0.485
2150 16.3 3.68 0.510
2100 16.2 3.57 0.526
2050 16.3 3.50 0.517
2000 16.8 3.52 0.531
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Engine Speed (rpm) Net Torque (N-m) Power (kw) Specific fuel Consumption (Nmz/kw-hr)
3600 12.64 4.77 0.687
3550 12.80 4.76 0.626
3500 13.00 4.76 0.579
3450 13.25 4.79 0.579
3400 13.28 4.73 0.577
3350 13.44 4.71 0.548
3300 13.52 4.67 0.553
3250 13.60 4.63 0.590
3200 13.68 4.58 0.541
3150 13.80 4.55 0.571
3100 14.00 4.54 0.572
3050 13.84 442 0.614
3000 14.00 4.40 0.588
2950 14.10 4.36 0.620
2900 14.24 4.32 0.614
2850 14.28 4.26 0.621
2800 14.36 4.21 0.615
2750 14.40 4.15 0.604
2700 14.55 4.11 0.622
2650 14.64 4.06 0.620
2600 14.60 398 0.624
2550 14.72 3.93 0.641
2500 14.64 3.83 0.644
2450 14.60 3.75 0.656
2400 14.72 3.70 0.699
2350 14.56 3.58 0.700
2300 14.70 3.54 0.719
2250 14.56 343 0.746
2200 14.52 3.35 0.749
2150 14.51 3.27 0.796
2100 14.40 3.17 0.821
2050 14.56 3.13 0.802
2000 14.40 3.02 0.857
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Pressure swing Adsorption for Biogas upgrading
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Abstract

The objective of the present research was to study the potential of biogas upgrading for replacing
natural gas in vehicles. Generally, fuel used in vehicle must be high in quality; the proportion of methane
should be at least 65% as announced by Department of Energy Business. However, as the proportion of
methane in biogas is usually about 60-70%, it is necessary to increase the methane concentration in
biogas, which can be done by removing carbon dioxide. The experiment was carried out using a set of
pressure swing adsorption, consisting mainly of two adsorption towers containing adsorbent molecular
sieve Zeolite 13X. Parameters affecting the process of pressure swing adsorption such as temperature,
pressure and retention time were investigated. The results showed that when increasing pressure or
decreasing temperature in the system, the adsorption rate increased. The maximum methane
concentration achieved is 96% by volume.

Keywords: Biogas, Adsorbent, Pressure swing adsorption
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