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Abstract - The Korea Digtrict Heeting Corporation operates a gas engine generator with a capacity of 4500
m3 /day of biogas generated from the sewage treatment plant of the Nanji Water Recycling Center and
1,500 kW. However, the actud operdtion experience of the biogas power plant is insufficient, and due
to lack of accumulated technology and know-how, frequent breskdown and stoppage of the gas engine
causes a lot of economic loss. Therefore, it is necessary to prepare technica fundamenta measures for
stable operation of the power plant

In this study, a series of process problems of the gas engine plant using the biogas generated in the sewage
treatment plant of the Nanji Water Recovery Center were identified and the optimization of the actud
operation was made by minimizing the problems in each step. In order to purify the gas, which is the
main cause of the falure stop, the conditions for establishing the quaity standard of the adsorption capecity
of the activated carbon were established through the andlyss of the components and the adsorption test
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for the active carbon being used a present. In addition, the sysem was gpplied to actua operation by
aoplying standards for replacement cycle of activated carbon to minimize impurities, strengthening
measurement period of hydrogen sulfide, locdization of activated carbon, and strengthening and improving

the operation standards of the plant.

As a reallt, the operating performance of gas engine # 1 was increased by 530% and the operation of
the second engine was increased by 250%. In addition, improvement of vent line equipment has reduced
work process and increased norma operation time and operation rate. In terms of economic efficiency,
it dso showed a sales increase of KRW 77,000 / year. By gpplying the strengthening and improvement
measures of operating standards, it is possible to reduce the stoppage of the biogas plant, increase the
utilization rate, It is judged to be an operationd plan.

Key words : wastewater treatment biogas, gas engine, activated carbon, adsorption capacity, operating stan-

dard, facility improvement
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Table 1. Siloxane clean-up methods described by Prabucki et a [2]

Stage 1 Clean-up Stage 2 : Application
(gas drying) efficiency (adsorption) Siloxane level range
. . . Siloxanes <10mg/Nm’
Warm gas to 35-40C 0 Activated carbon <Img/Nm Gas flow rate <150Nm/hr
Cool gas to 2T o , . Siloxanes <30mg/Nm’®
Post-warm up to 10C Up to 25% Activated carbon <Img/Nm Gas flow rate >150Nm'/hr
Cool gas to <30T Up to 90% | Activated cabon | <Img/Nnr Siloxanes 200-1,000mg/Nnr
Post-warm up to 107 P ° m ' m
Clean-up efficiency: Depends on the type of siloxane within the gas
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Table 2. Biogas engine fuel conditions

oY

N
ox
oY
&

(ol

Condtituent Waukesha MAN Caterpillar MTU
MN 33 to 150 MN >115
Methane
MN >80 rate of change rate of change
number . .
<5MN/min <5MN/min
4.5kWh/Nm® to 4.5kWh/Nm® to
26kWh/Nm® 8kWh/Nm®
Heat value >4.36 kWh/Nm’ >5 kWh/Nm® (lower heat value Hy,) | (lower heat value Hy)
rate of change rate of change
<5%/min <10%/min
<715mg H,S/INm’CH, s s
) 3 <2200mg/Nm°CH,4 <800mg/Nm’°CHs4
Sulphur (total S bearing <200mg/Nm
(total S) (total S)
compounds)
Hydrogen 5 <1500mg/Nm>CH,
) - <228mg/Nm <280ppm at 50% CH4
sulfide (total H,S / <0.15v0l%)
_ s <100mg/Nm°CH, <100mg/Nm’CH,
Chlorine see sum of Cl and F <80mg/Nm°CH,
(total Cl) (total Cl)
_ . <50mg/Nm°CH, <50mg/Nm*CH,
Fluorine see sum of Cl and F <40mg/Nm CH4
(total F) (total F)
_ <300mg/Nm3CH, 3 3 3
Chlorine and ) . <80mg/Nm CH,4 <100mg/Nm“CHs4 <100mg/Nm
) (total organic halides as
fluorine an (Sum CI and F) (Sum CI and F) (total Cl and F)
_ <105mg/Nm°CH, s <150mg/Nm°CH,
Ammonia <30mg/Nm°CH,4 <30ppm at 50% CH,
(total NH3) (total NH3)
Zero liquid water:
recommend chilling gas
o <80%
to 4T followed by <60% . . <80%
S _ o (relative humidity ¢) . . .
. coalescing filter and (relative humidity ¢) (relative moisture in
Humidity . o at lowest temperature .
then reheat to 29-35C: | no condensation in the . . the gas at 35C and
) ) of the entire gas pipe
dew point should be at whole suction part 1.013 bar)
. system
least 11C below
temperature of inlet gas
<50mgNM°CH,
Silicon Total siloxanes (models . <20mg/Nm°CHa <5mg/Nm°CHs
) <2mg/Nm°CH,4 . !
compounds with prechamber fuel (total VOSIC) (total Si)
system only)
removal of particles <10mg/Nm°CH, Total <10mg/Nm°CH,
Dust content . I -
>0.3um Grain <5um Grain size >3um
Oil fumes/ <3000mg/Nm>CH,

Higher <2vol% 'liquid fuel (>C5 / <C10) <0.4mg/Nm®
hydrocarbon | hydrocarbons' at coldest <400mg/Nm3CH4 <250mg/Nm3CH4 (HC with carbon
compounds inlet temperature (>=C10) number >5)

and tars <0.5mg/Nm® (>=C12)

Gas 10TC<T<30TC
>-29C and <60C temperature gas mixer - 0<T<50
temperature outlet

Date of information: Waukesha 2000, MAN 2011, Caterpillar 2008, MTU 2014.
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Combustion Chamber Intercooler Fin
Descriptions Concentrations (wt%) Descriptions Concentrations (wt%)
CaO 411 CuO 710
SO, 215 Si02 0.3
SOs 174 SO3 27.6
ZnO 9.8 SnO2 04
P:0s 85 P205 0.3
Others 17 Others 04

(8) Piston scratches due to deposits

(b) Piston fusion

(c) Intercooler cooling pin corrosion

Fig. 1. Influence of biogas impurities
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Date of Andysis

Anaercbic digestion

Wet

Gas engine
generator

Descriptions
14.1.27 14211 14.2.24 14.3.10 14.3.24 14.4.14 14.4.28 145.13
TBN (mg KOH/g) 2.7 33 32 29 32 31 32 29
TAN (mg KOH/g) 313 2.34 2,77 3.83 3.22 245 2.67 2.8
Silicon (mg/kg) A 18 15 20 14 71 151 96
Aluminum (mg/kg) 123 0.75 0.41 1.08 0.63 0.62 143 0.88
Chrome (mg/kg) 0 0 0 0 0 0 0.36 0
Iron (mg/kg) 123 0.38 0.41 1.08 0.63 0.41 394 175
Lead (mg/kg) 0.62 0 0 0.36 0 0 1.08 0.29
Tin (mg/kg) 0 0 0 0 0 0 0.72 0
Copper (mg/kg) 0 0 0 0 0 0 0 0
Boron (mg/kg) 1 1 0 0 0 1 0 0
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Fig. 2. Biogas cogeneration plant process
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Table 5. Specifications of biogas pretreatment facilities

Facility Name Type & Size Quantity

Gas to Water Shell &Tube Heat Exchanger
Cooling Heat : 55,000kcal/hr
Biogas In/Out Temp. : 35—7TC
Water Trap : 500A*250A

Gas to Water Shell &Tube Heat Exchanger

Dehumidifier 2(1)

Biogas

Heat Exchanger

Cooling Heat : 9,000kcal/hr
Biogas In/Out Temp. : 45—32C

2()

Dehumidifier Cooler

Air-cooled Type Cooler

Cap. : 75,000kcal/hr, PWR.

Brine In/Out Temp. :

: 30kw

5-1C

2()

Gas Filter

Cylindrical Cartridge, Cap. :

850 m'hr

Filtration Size : 0.3um 1)

Gas Booster

Single Suction Turbo, Cap.: 850m‘/hr

Pr. : 3,000mmAg, PWR : 30 kW, VVVF 3D

Desulfurizer

Vertical Dry Type 1 Tower, Cap. : 1,700 m'/hr
H2S In/Out Density : 200—10ppm 1
Adsorption Amount : 0.4 kgH,S/kgAC

Disiloxane

Activated Carbon Adsorption Type, Cap.: 850m’/hr
Siloxane In/Out Density : 50—1mg/Nm'’ 2
Absorbent : Si4, 10m/Tower
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Table 6. Production and usage of biogas by year

_ year ‘ ‘ : ‘16
Object 13 14 15 The firgt half
Gas endine 8,068,570 5,551,302 5,212,979 2,017,446
9 (48.8%) (36.5%) (31.79%) (28.9%)
Food garbage disposal 2,854,637 4,888,964 3,915,219 1,677,506
plant (17.3%) (32.2%) (23.8%) (24.1%)
. . 2,610,955 4,922,312 2,618,886
29 1 ’ 1 ) 1 "
Drying plant A (17.2%) (30.0%) (37.6%)
. . 1,070,113
Digester boiler (6.5%) - - -
SUrblus gas incineration 4,541,234 2,138,223 2,386,554 656,911
Pus g (27.4%) (14.1%) (14.5%) (9.4%)
Tota 16,534,554 15,189,444 16,437,064 6,970,749
(100%) (100%) (100%) (100%)

Table 7. Biogas component analysis result

Component Rear end of wet desulfurizer Rear end of disiloxane
CH4(%) 59.7 60.1
CO2(%) 339 34.8
02(%) 23 19
N2(%) 341 31
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rppp—— e o '} = e

" | ll ] !

& 8

Tt ! ot [t -
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Fig. 4. Biogas analysis device photo(Varian CP-450)
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Fig. 6. Systematic diagram of siloxane sampling device

Fig. 7. Siloxane sampling device photo

Table 8. Siloxane contents of incoming biogas

Date D4(ppm) D5(ppm)
2016-03 5.2 15
2016-04 6.8 19
2016-05 48 21
2016-07 12 0.8
Hhol @7k MER S MghE S-S o] &3to] A 4 71(ABB, EL3040)E ©]-§-5Fo] 22743t upo| &7}

ZY3t vho] ©7bolt}. <Table 8> Hpo] ©.7h20]
F9E ASA fgolc,

3-4 HiO|R7tA EEXSt0| elet 2H FeF 24
(1) CH45E A3(7IEA : 60% °|4)
Fig. 8= H|EAFA A (NDIR)Type 7FAAE H

2 % vge] S5 WSS 2AF vttt 4B
Mg Sl 7122 60%e] gt S o 5
glom, ole Asis HATH F U790
2 A% 5= AT A o2 skl Hah
5, WA 5 k2218 G 71be] Z7kstgc

O AR A2 : 157](603)), 235 7(523))
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< Monthly average concentration of CH, >

70

65

Quality standard : over 60%
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Fig. 8. Average concentration of CH4 in biogas cogeneration plant

Table 9. Andysis for average concentration of H2S in biogas cogeneration plant

— < H,S concentration measurement status >
Quarter 5 ¢ 5 5
Division 15 16 Q1 16 Q2 16 Q3 Total
Average conoentration 103.9 1736 166.7 166.1 129.0
of HxS(ppm)
Number of
measurement(A) 789 135 189 207 1,320
Number of quality
degradation(B) 672 135 129 204 1,140
Frequency rate of quality
degradation 85% 100% 68% 99% 86%
(B/A X 100)

(2) H:S(E32) 55 A5(71€A] © 50ppm ©]3p

<Table 9> 33l Z=A2H|(GV-100S, Gastec
| Gasadert Micro 5, BW Technologies)& ©]-83} ]
Hpo] @ 7kA B F HS 525 2UHY%E 575t
=A% Aatoth, o] 7|7t B4 HIfpa Ht v
L 129ppmo. & Hfo]| o 7tA 7pAdA ZHE A
7)1=2 1 S0ppm 3RS & 4= qlem, o] & ¢l
slof Au] FA|7F oha el B kARl F
Axe] du] fAES 8]§9 7= o]oxth

O AR AL : 157](553]), 23 7](463])

(3) 20169 IR 7}2dA 7HERF
O <Table 10>2 20164 Wx] Hfo| @ 7}ANZ <]
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Table 10. Downtime analysis of biogas engine

< Gas engine stop datus >
(2016. 10, unit : h)

e Gas engine #1 Gas engine #2 #1,2 Tota

Cause (Downtime) (Downtime) (Downtime)
7.9% 13.7% 21.6%
Gas shortage (658h) (1,150h) (1,808h)
. . 12.3% 11.3% 23.6%
CH, density degradation (1,029h) (948h) (1,978h)
H>S concentration 10.6% 8.5% 19.1%
rise (883h) (713h) (1,597h)
. . 13.8% 6.9% 20.7%
Equipment failure (1.158h) (577h) (1,735h)
7.2% 7.5% 14.7%
Overhaul (605h) (628h) (1,233h)
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Fig. 9. Apparatus for evaluating activated carbon pro-
perties

N, adsorption/Desorption Curve
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Fig. 10. Nitrogen adsorption isotherm of activated carbon
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Table 11. Properties of new and waste activated carbon
Item New-AC Weaste-AC
(r:]/%) 244,37 0.7267
"f(fn%g 1063 3.163
Totd (‘;?;?/g;;dume 0.6091 0.027
Average ?:,;e) diameter 22008 34146
Mesopore Distribution
0.40 - 400 - Mew-AC
0.25 *
030 -, W01
g;, 0.25 || %
= o
%n 0.20 H 5 200
0.15 H =
0.10 -l 00 L
0.05 |- Waste-AC
0
000 - =0 100 Py 200 0.0 0.2 0.4 0.6 0.8 10
d/nm PiPo
¢
Fig. 13. Nitrogen adsorption isotherm of new and
Fig. 11. Mesopore distribution of activated carbon waste activated carbon
v Micropore Distribution Aitolt}. Fig. 14+ AFAA LS o] &3
. FAAAE o4 HSERHUYP RN, ST B
—ATE dere Aaggent o aetdeold. o] et
201 ——owe 2% Popd FAAY g BA7IE 71FQ
SYL S AEA o2 BASH= PFPD(Pulsed Flame Photo-
- 15F metric Detector)d&7|S 4|8t 7tAT 2uE 18}
=
2 5(GO)E AMste] %A om Basilt,
ol n) M2 g etel Bls HapE/dgto] Fakgase
e shabgAlzhe] e Al glol, HAEAgs
o] Y4 A7) ETE wolF1 k. 1]
) 2 9] H,SE2Hs8 5.2 mg/gel Wi, Hzkgk
. dere] F2s2 7.5 mg/goltt.
U'Uu_u 05 10 15 20 25 30 a5 4I_o a5 Fig. 152 @74 dA|skpA 2ol A Sy sh=
anm vfole7lag QAo R o Fatea FAAY YA
of AgAToltt. @Y HFFAL AT B4

Fig. 12. Microopore distribution of activated carbon
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Fig. 14. Adsorption experiment equipment and ex-
perimental results of activated carbon(LAB)

Field Test ]
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Mass flow meter

Gas inflow

Valve

Gas outlet
H2S: 20~-100ppm

%0 H:S Adzorption Amount
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Yo w200 ] CR ]

Flg. 15. Adsorption experiment equipment and ex-
perimental results of activated carbon(Site)
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Table 12. Problems before process improvement

oX,
oY

£
o

SetE dal 715A Amerels Awstel Vent
2192 Alstol Btk 71E B L Vent 2eE A
Y ujotel QR Aste] Vent Hose o
dstol & AW HUE g BAYE 2
3 Igirk<Table 12>, ol efdt EAS sas}7] )
3 Vent g42] Aol Basta o]2 ¢lste] ¢lE
sjgholl 3Way ValveS AMste] AHeiAlzt Bt
whirel 2hlo] ofgh Au] &4 L HEE o]

Existing Task

Problem

O Flexible Joint Separation
- Equipment damage by frequent assembly and disassembly
- Possibility of entering foreign matter into the engine

O PVC hose connection and taping
- Risk of bio gas leakage
- Risk of high place work(2.5M)

O Exhaust low concentration bio-gas
- Increasing exhaustion time due to handful flow rear end of regulator
% Flow before/after regulator :

850 Nmr/h / 250 Nmi'/h

Table 13. Process improvements and effects

Process improvements

Effects

- Easy valve operdtion

- Shortening Process

O Maximize work efficiency

- Shortening exhaustion time
(1/3hour compared to existiong time)

(7times operation — 2times operation)

O ensure safety

- Eliminate the risk of gas leakage
- Eliminate the risk of high place work

O Improve economy

- Increase eectricity production time (173hour/year)
- Increase sales (77,000,000 won/yesar)
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Fig. 16. Anaysis for operating hours of biogas engines

Table 14. Operating hours of biogas engines

Mon. | 1 2 3 4 5 6 7 8 9 10 | 11 | 12
#1 | 717 | 499 | 671 | 656 | 715 | 671 | 501 | 519 | 373 | 146 | 0:00 | 0:00
2014
#2 | 714 | 506 | 644 | 677 | 468 | 13 | 0:00 | 45 | 372 | 549 | 164 | 0:00
#1 | 030 | 90 | 631 | 542 | 543 | 411 | 451 | 643
2015
#2 | 367 | 363 | 584 | 598 | 477 | 490 | 501 | 444
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