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Abstract - Korea is natural gas importer which imports a lot quantities which 20% of the volume
of US exports in 2018. Biogas which can satisfy gas demand and respond effectively to climate
change, will be an alternative. However, only 20% of biogas production is sold, which is also not effi-
cient and difficult to use. The purpose of this study develops an optimal purification system for sup-
plying biogas as city gas. We develope an optimal system by analyzing biogas for system selection,

finding cases for system design, developing scenario, and developing a cost - benefit tool.

Key words : biogas, desulfurizer, purification, city-gas
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Fig. 1. Biogas market in the world [10]
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Table 1. Result of biogas component analysis

Results
Test Items Unit Uncertainty
After Repair
Methane mol 60.97 04
%
Ethane mol No detect
%
1
Propane mo No detect
%
n-Buthane mol No detect
%
co2 mol 20.88 06
%
N2 mol 0.04 03
%
mol
2 - .01
O % 0.0
co mol No detect -
%

Table 2. Water content with biogas temperature

10.0 1252 121
15.6 199.4 1.93
21.1 2553 2.47
26.7 356.6 345
322 491.1 4775
37.8 667.7 6.46
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Table 3. Biogas compositions from different pro-
cess of sewerage waste water treatment

o]elE . Ao

wet 2nd
. Cl1-1 desul | Al1-2 | desul 2nd
Test umit digest | furati | diges | furati | diges
Ttems method 8 8 8
or on tor on tor
inlet inlet
mol %
CH4 (NDIR) 59.1 61.1 63.3 59.6 59.2
mol %
2 4 1. 2 40. 40.
CO (NDIR) 30, 319 33 0.3 0.7
mol %
N2 (GC/T 4.54 3.10 1.33 0.04 0.89
CD)
mol %
02 (GC/T 1.00 0.75 0.08 0.01 0.45
CD)
ppm 1436.
H2S (GC/PF | 2944 | 2120 | 185 392.1
PD) 3

Table 4. Biogas composition from sewerage
before and after desulfuration

dry wet
Test unit ?‘ 1 desulfuration desulfuration
digest
Items | method outle
or inlet | outlet | inlet ¢
cus | ™% 607 | 616 | 614 | 629 | 626
(NDIR) : : : ’ :
mol %
CO2 (NDIR) 30.5 30.7 30.7 31.1 312
mol %
N2 (GOIT | 410 | 356 | 351 | 271 | 274
CD)
mol %
02 (GC/T 091 0.87 0.84 1.17 0.79
CD)
ppm
H2S (GC/PF | 298.0 | 142.6 | 66.3 3.1 0.2
PD)

7h20] el ghelol ek 2w o] 2lck. Table 2
oM 2w matEo] i $RO| F2 HAT >

ATHIL.

KIGAS Vol. 23, No. 2, April, 2019

loty

o . JZXH‘—?T

Table 5. Major facilities of biogas purifying

Major design Design Capacity Stanby

factor Technology Decision Decision
H20 Removal Coolant Needed 1}?0{%

Desulfurization Needed Needed Needed

Siloxane Activated

Removal Carbon Needed Needed
Dust Removal Ph}.lsmal Needed 100%
Filter x 1
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Fig. 3. Cost-benefit calculation tool for purifying
system

H
oh =A7PHS A7 Eoh AR dld e o
59 TS &85t AgAES Fdlske Aolth Table 7. Major variable of cost-benefit analysis
Aure wgwe] BL Aoladr HAo] A
sty, Alygle H2 &9 dojgE Ealste] 4 No.| Major variable Index Remark
el 55 4 A== st 1 Availability Fermenter operation,
factor Maintenance etc.
Table 6. Operating scenario of purifying system
P & punitying sy Amount of 1st Index, Amount of 1*?rom
2 biogas purchase Biogas production biogas
St;;‘a‘fy 100% x 17] 100% x 27] supplier
. Amount of 2nd Index, CH4 Plant
Capacity 6 month 1 year 6 month 1 year 3 biomethane . K R
. purity and yield efficiency
. production
Time
reqmre(.1 for 2 days | day 2 days | day Electric Plant charac.tenstlc
media 4 . and design
consumption L
replacement composition
Time 3rd Index, CH4 Korea
i f LP ity, Monthl
requlreq or 2 days | day 2 days | day 5 G. purity, ‘ont y mean Gas .
preparing consumption caloric value of Corporati
operation natural gas on
E Mai
mergency 1 day 1 day - - 6 amtenance Plant characteristic
stop cost
Sum 5 days 3 days 4 days 2 days 7 Laber cost Plant characteristic
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Table 8. Result of cost-benefit calculation for puri-
fying system

100% x 1 unit 100% x 2 units
Results
6 month 1 year 6 month 1 year
Investment
cost X+19 | X+266 | X +272 | X+ 426
(million¥¥)
IRR 16.58% 16.36% 15.52% 15.26%
NPV Y +
(million'¥) 492 Y+470 | Y+8 | Y+ 75
Payback
period (year) 7.5 72 7.8 79

- AGEAE - 5%

- HEEE D 97.1%

- vpo] o 7kA F oEEEF ¢ 60%

- {Egseg s 2 A AgE 38 HE

- ZAgu el 20149 9Y VEAFA Hit
QA&

- A7las 20149 9 ARYlE HAE 19t A
Ad 1144

- LPGRE : 20144 9¢ 2uitiy) A&

- 718 2 AAEE B4 2 g

FARZE 7P A2 67l el wA 17] AA A7}
Aol 7P Al wtaL, FAZE 2" AR
Aol A el BRI ZF FAG O B2

o [ oot >,
rly Mo
U
2

41 A2E 2N A2

e AAEE D EAAE A B
sl A2 RE WA ol ostag i
2 AT

AR E AEe] ABE SAEEC|A uto] 07k
£ jpom ostn AMolH YT ARA
W SRS AATE AE LA Siste] g
of e AE HRSHETL, 2AL 1 5ed, B4
A, WS, AARE U uAgA] BER T

=] A

1
=
o

e xzge] e 2 dlolelE olstel v

KIGAS Vol. 23, No. 2, April, 2019

SRR RE Rt
101.00%
R —
100.00% e
99.00%
93.00%
97.00%
ethane Purity
96.00%
s Amount of product
95.00% T T 1
9.3 85 8.7
Operating Pressure [barg)

Fig. 4. Expected amount of product gas with
operating pressure

130.00%

125.00% — A
sl |l thane Purityin product gas (%) /
s Jrr it of product mas| %)

120.00% Amount of biogas %] /

115.00% /

110.00%

105.00% //
100.00% -

95.00%

T
56% 58% 60% 62% 64% 66% 63% T0%
Methane purity inbiogas

Fig. 5. Expected results with biogas purity

Aile o2 2tk
Fig. 4|4 =7} 97.1% 9] vpole wghg g4t
o Aol SUbskE AE = 4 Aok
=7 S7hRel wEk AEEE oha SUhskal
91, AYARFL. 25%0] 7R Zrfatch B 9lsh
2= ke ALHOR fA8HL i, 34
& =k

V.2 E

AFE Fdtol ol 7hao HAE T =A
7tAR Fathe Al2EE skt Hlo]e Tk

- 66 -



AR & Hhole Th A Mg A

filo
ghs
1

o
fu

{5to] Alford RS HAstR of
o= stol AR A2dlY Fa AUAE
Gk T8 AAE Fof Aolam Atele
stelm, 22 A2 weisl] 98 HlgHe)
Bstol, B7k AFsshES Agstgch

W ALY Fol Aol Agste] 1417}
3}

o
O
o_;.; ol

L o |
N

>

by
Rl
1o

A Axge vl o FpAS EAMAR B
g3to] utol o 7haol g WolS v
ofstgli, W ol §Ee&S ATon A4t F)
2 AT 4 9 FRT FI7E ol B Aoz

N

2Ate 2

2 d4e SR st gg S 71=00
HEAbe] ol A %] gk U tNo. 2015001950003).

REFERENCES

[1] “Biogas upgrading and utilization”, Task
24-Energy from biological conversion of or-
ganic wastes, IEA Bioenergy (1999).

[2] “Feasibility Study - Biogas upgrading and
grid injection” in the Fraser Valley, British
Columbia 62 Prepared by: Electrigaz Tech-
nologies Inc Final Report June (2008)

- 67 -

[3] “Evaluation of upgrading techniques for bi-
ogas”, Swedish Gas Center, Report SGC 142,
Persson M (2003)

[4] “Biogas upgrading-Review of commercial tech-
nology”, Swedish Gas Center, Report SGC
270, Fredric bauer, Christian Hulteberg, Tobias
Persson, Damiel Tamm (2013)

[5] “Biogas upgrading to vehicle fuel standards
and grid injection”, IEA Bioenergy, Task
37-Energy from Biogas and Landfill Gas,
,Persson M, Jonsson O, Wellinger A (2006)

[6] “Technical and economic feasibility of up-
grading dairy manure-derived biogas for
natural gas pipeline”, Master’s thesis, Cornell
University, Saikkonen K A (2006)

[7] "Biogas upgrading technologies-developments
and innovations, Anneli Petersson, Arthur
Wellingger (2009)

[8] "Process Modeling of a Water Scrubbing Sys-
tem for Upgrading of Biogas to Grid Injec-
tion Standards - Model Development and
Process Optimization". Swanson, C, Lund
University, (2011)

[9] "Characterization of biogas from anaerobi-
cally digested dairy waste for energy use",
Kimberly Lynn Bothi (2007)

[10] Roadmap of biomass energy, 2012 Korea

institute of energy technology evaluation and
planning

St 7k~ 8k A] A23W A2E 2019 4€



