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Table 1-1. Large landfill sites in Korea

gaazg | mass | O gy wag T
AEAR WA gy | @m | 2w A
- - (HAm’/) (A9 toe/rd)

1. =4 ‘03 ~2025 20,799 250,000 460 30 22,000
2. Hab A= ‘06 ~2001 380 11,483 165 10 7,500
3. - ©A} ‘93 ~2000 435 26,100 205 13 9,800
4. A Fa ‘06 ~2010 570 8,465 48 3 2,200
5. A U= ‘94 ~2001 261.5 5,854 28 1.8 1,300
6. FF+ 4 ‘03 ~1999 286 4,369 53 35 2,600
7. 9F &4 ‘05 ~2004 163 3,140 27 1.8 1,300
8 HF T ‘04 ~1998 2105 1,800 31 2 1,500
9. B o ‘05 ~2004 180 2,897 25 1.6 1,200
10. 23 35| ‘94~2001 200 1,209 13 0.8 600
11. Zd HA | ‘93~2020 163 3,810 11 0.7 500
12. %A2F 54| ‘95~2005 235 3,019 23 15 1,100
13. A5+ 3 A | ‘92~2002 203 2,416 18 1 700
o A 647 70.8 52,300




Table 1-2. Boilers driven by LFG in SDK landfill I section
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FAA o5 Az7A47
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FAA e5 : Eaeiic
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=E2AHSY a2l 5(1)
110£/h 270m*/h e
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FHA > . Al w2
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+ KCa. I T X ®\ o
YU E . #85(2)
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Table 1-3. LFG energy recovery schemes in IEA LFG Activity member countries and

Germany®
Country No. of schemes Comments
USAP 137 mostly electricity generation
Germany 112 Plans for additional 77 new energy recovery schemes
53 electricity generation schemes( total around 85MW
capacity);
UK 65 12 projects use the gas directly. An additional proposed
42 electricity generation schemes have been awarded
contracts under NFFO.
Sweden 55 Mostly heat recovery
Netherlands 22 Mostly electricity generation(total around 20MW)
Canada 9 7 direct use; Zelectricity g.eneration. A further 8 are
under construction or proposed
Denmark 9
Norway 9

a — Not an IEA Landfill Gas Activity member country ' data collected by the Dutch
Landfill Gas centre. Included in because Germany i1s a major user of LFG
b - Thorneloe, S.A. and Pacey, J.G.(1995). Landfill gas utilization database of North

American Projects
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Table 1-4 Example of the types of LFG utilization project in the USA

Types of energy project Portion(%)
Internal combustion engine 54
Electricity Gas-fed turbine 19
steam-fed turbine 5
pipeline quality 4
Others -
Direct-gas use 18

Table 1-5 A& v FA A2 F(state)rttt W E7FAE o] &3 AlHE EFIAEAUY. US
EPACI M= vl=r wf@A]olA d7F @A weke] 48 8-16TgHER
o] o HAAZA o7 WAeE 20-40Tgell el Bo uF=S A star gl



Table 1-5. Number of LFG utilization projects per state in the USA

State in USA Number of projects

California 37
New york

—
w

Michigan

Pennsylvania

Illinois

Wisconsin

New jersey

Maryland

North carolina

Texas

Oregon
Ohio
New hampshire
All others 13

NN NN N[ N|N|©O

A sk ol §e HHARS BE} G BAE MEFS Aol ARE nol

ato] A= vy 9 ol

2
ro
Mo
o
)
f
i\
St
2
frt
ro

Fool s i w@AE A A Aol A oA AE F e A5t U]
o] MRS AA o] § FaAdA ATT F = AYAHA 7FE AXNA FEI
wehA] WGt o] &8 A Aol gIRES AA S Uk dwrAl APt FA
= ZteHoRld ~gEonl FrbA] e zE dnkH ol

w3 mjPAE o] f7]E AMRAGFS FAOF Table 1-6 o JeEIch dwrdgow By
o] Az Ag FE 9 BAS AAS dHY TS Abgsk=d, vgA A& o)
s A7l dwrd o=@ 1km " EEQL G| 7Idsttia AR H T Wgke] FE7F 60% W]

o ou] shzd] B BFE WAsLS ol A 2wl Bast FH el % sk

o

{licA



Table 1-6. Example of LFG utilization system in United Kingdom

ol 4
T N o ]2 A% o gk
(m)
Dual fuel il TFEA 7
Al maw HEFGUZ gas of 300 | Eil T lso~530 | Gas-oite amee
urner =
B oy Dual fuel gas oil 00 T8 A A 60% Oil& LFG& g +
) LFG burner g P A e ALe
A7
cl| nmay LFG A4 vy 200 Tma 52~53%
Tunnel LFGE "es=s
nn
D il I 9 eIy - FEA A 50% | 50% % w@F7] 93]
iln
NSGSF &3
NSGE LFG#¢]
Transever— B FE=AA
E ] @ gy WY 200 B 50% A o3
search kiln I LFGY Zae u
SHE= =
395 WY FEAA
F 24y 27,500 B 45~65%
LFG/NSG ==&3 ZH
s Standard flarestack W | FEAA
G|z g T N 46%
with coil pipe shroud | * W} I E
Single orifice, duel
Tunnel .
H Kil supply LFG/NSG, 100 FEA A 47%
n
manyal change over
I Tunnel Dual fuel twin orifice 200 e LFG= Z ¥y=¥&
Kiln LFG/NSG burner 531 NSGE B=
Tunnel Single orifice, duel PR LFEG#el e A
nn =
J i supply LFG/LOG, | 500 | gu 2% |9 mae) AE
n =
automatic change over P9 x4
Cacination | opposing banks of bar
PPosine Y 118000 FEAA | 45%
plant supplying gas and air
L| =4 71¥ - 300 TEAA -

) w7k o] 8 Ate

WYbA(CHYE Re7bse] Yot A2 e B4shs a7 tas 1e72se o

Fow AAY F Atk webd MYAE o83 A A2RE AA FE -2 A2
3 ol gAsdow T A Mgl AN hxd, s A& ww, 52
52 AASE BY U kA FQe WBE m: FRAA 5o Ay, o8 2H¢ w
A AE, AR Bt dAUAR mBse olgALe] 1ol AnHoR st
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(2) TA/ e
(3) aLEFde] vpojzell kA AA

=
(4) 716} 247F28, ojqbsteka Az, vigE: AxE, dadAd o8 =

b 4 7h2=9] A3 <]&(Sale of Medium-Btu Gas)
7HE st A E vl go] A = WReRA nde Ax7], AE
Azzgd ol AR ol&ste WHolth FaxoA7FA FolZejel s HAHst=H =& 4
| 1km% oF 157 2ejoll A 307 &8 7FF A Qdth(1996d dA = 7]%).
Jol 7tz Hbo] wekely] uwliel] shx whAekw} Qo] YAshojo
T Aom 7E oyuA A dFely AdLEge] v27] i ol&

A o]& AulE Mz Jart vk Ede] Az vEe ALY 19 3=

A RE o] wel rpa Aot &9 B FAIHE(0O&M costs)

- Ee SR B 37%9 FRol FHE OB oF AAR A% ¥ Ba
- wre g 8% A hant 89 £ donE o 2 3d gA} Ba
se ek 24 HgoA He B dEe AL S gomz du de

# ulE7Es AR o8] o

(D ASCON Landfill (Wilmington, California)

~7h2 W w1 4720 keal/m’

@ AZUSA Landfill (AZUSA, California)

~7b2 W 1 4450 keal/m”

@ CINNAMINSON Landfill (CINNAMINSON, New Jersey)
~7b2s WG 1 5340 keal/m’

@ UKe| w7t o] &

(® Pattonvielle High School (MIssouri)

(1)) 2 & (Power Generation)
W Gr2e] dbd HiHol= W 7| (Internal combustion engine), A& E]o]Hl
(combustion turbine) % R de}/2® E o] Rl(boiler/steam turbine)s o] o] o] & TH(
Table 1-7). "ig 7k o] &o] &g yehse] syl m=molA = LFGE ©]&3 oo
IC A= 7hg wol Abgstar, o1 thgo® CTE AREShaL vk & v ¥HoRs £

=
)
A ke AskE 9 eubd (cogeneration)o] Utk dwrH o g AHukS A A G



o] Eg&o] 20~50%¢ WA &
e 7 = U M=y B¢
Utilities Regulatory Policy Act)” s

g o} AAFA} AAE ALS TR Ho] ok

E187] el e T fAbE QAR s ojop & A

ok Zlolth.
Table 1-7. Comparison of electric generation
i WAzl IC x| A4 HE (CT) | 29 HRl/E A
W R (MW) >1 >3 >8
LFGZA Z(mcf/d) >625 >2,000 >5,000
2] & ($/kW) 1,100 - 1,300 1,200 - 1,700 2,000 - 2,500
Lo @ 8z H &
¢ v 18 13 - 16 10 - 2.0
(cent/kWh)
_ 20 - 28 (CT)
BH aE 25 - 35 20 - 31
26 - 40(CCCT)
33 7hs A S F1 g
95 04
w52 - 35) =2 (165+) $5(2 - 5)
(F 47k 3 psig) - ”
A A
v e 99 % Aol B
43 nEE nl % R L L
b4 el olg  |-aA WA g | zde] s
-NOx Hi& A&

el wigrks o] 8 i vy A
@D Santa Rosa Central Landfill

kbl A sh Al F WA (Caterpilar 3526 Engine)
-3 &3 0 6.4AMW/H(0.8MW=*87])

=

@ New Island Landfill
- @A T W
wd g% 0 53MW(0.525MW= 47] + 1.1MW = 37])

@ Altamont Landfill

-2 2] 7R ol W2l (Mn., W. Nugent & CO A, 29w 1577-2B-

DN)
-2 &% 0 64AMW(3.2MW#27])
@ Gazmont Landfill
S WA AR EH M A (1 ele)

-dbd 82k 23.3MW(17])



(th) 2 722 A A (Upgrade to High-Btu Gas)

LFGE HA7t=9t 2 5oz AAste] o5 Hd 7h= A" dad =A 7h2R
FAu g Wl 19 49wk 9y E(14,000m’) 0]
o Zha b AT Afolnt AAAdol Ak o] AJHL CO9F 1 ¥ Ew=S A7 ¢
a F W2 A BAFe AACk s, =A] Jh2E ol &s7] fdide o A3 ®H o 7t
U022 F4 H2E F9o daE AAor gt ey 359 7txE A= o] &3 & vk
vk MEtAE uFd vhaR AAske EgAE ok

@ Palos Verdes (California)

~7h2 @ EF 9,000 keal/m’

@ Operating Industry(California)

~7h2 e 1 9000 keal/m’

@ MOUNTAIN VIEW Landfill(California)

~7b2s B 1 6230 keal/m’

@ OPERATING INDUSTRIES Landfill (Monterey Park, California)

-7} @ #8900 keal/m®

S
.
k)

(Zh) 71E &%=
7NE $EEE olislead Ax Y98 TOoE 2y Wyel gloy 1 8L ARHoR
ofFofx i girt. Vet SEEe] FEIbe S vfHAe &, PR, 7hxe A 5 vfHA 9

ZAEg 98 do txE Be 9 Bast gelgon $A6l 2] £ A )

Yol &2 s¢t 7] B8] = (South Coast Air Quality Management District) & 25 E 504t
g E x| Y wrol ®gbH| ~AH TeraMeth Industries, Inc.)E LFGERE 113 WSS A4

st AHE AA ko] 1997dFH 19 63,0002 B (16,667 A#)o] wlgha-S AAkgh



LFGE €83 s AAE RESY &ol4d, 2893 7hs, 188, A4S, ¥ 34 o
F 5o FHoR Qo] el wig F vlEolth webA Ak 7]EAQl EAE Ay
A LFGE ol &3¢ el 71 oAl 7I&olet AZ4HET A 7t=E ol &% A= A
=2 7 AYgAHeR MEHa gloy LEGE o] €3 e of4 (19964 102 7]=) /A
SAel ek 7 Add G LEG A Al2ES sfitsts Aol

A5 AA= LFGS #2e AR2ZHE dofAs Fiol 3759 AAE A7|ster o
HEEAIA UAE dE 7lselth dAm9 IV FFEHE & HA7E 50% oYY 1EE
2 A&HHORE Aol %

whdo] Hgek o9& A= phosphoric acid fuel cells(PAFC); molten carbonate fuel
cells(MCFC); solid oxide fuel cells(SOFC)s Al 74A] FEj7} JATh( Table 1-8). o] %
PAFC7} LEGE o] &3 A3 wdo] 7bd 7h7ke] 248 9o, EPA7F g ¥yol A
Mo Azg= wiygAA 200kWH 2] PAFCE Algsla gloem(1996d &dA)) 7]ef 2 ¢

oM A& 7hs Folth

Table 1-8. Five type of commercial fuel cell in present

Operating . ..

Fuel cell type i Present or Potential Application
Temp(C)

Alleali 0~ 100 Space Vehiclesoll AF-&% Az, j] I G5 Sl
AHE b
Solid Polymer 50~100 F 2 M2 A8 ALk 200060 ol 7Hs
. ) Z2+=71¢] CHP(combined heat and power) system® &
Phosphoric Acid ~200

200kWH 2] &8 #l#Feo] IFC Corpell ]zl A4t
Molten Carhonate ~600 %= - 38 CHP systemlE 1~2MWHo] Az=
2kWoll A 4= MW theket 372 A =zo] 7Hs3d CHP

systemo. & 71 & JleAo] =S

Solid Oxide 500~1,000

@ 1FE COy AAH
A2b =] Co2el WE a7F S7hgtel whel LFGEH-H 34 59 COos A
s ATE v oy A A Ydoe & Acrion Technologies, Inc.ol A A A =31 9l

3) U] 535 2 A& Vs ddA

rJ

% =9 g



Agststs 2gdemo R e & Aok FuelA k2R AEAE Yt gon, F
A ZhzEopNe 38 gk mekd olF /&ES 2%, S8, WAAA LFG ¥
A% AEE 5 Jokn ARHE b, NEEge neEA gt

) WA Ths F=E/A /018 dE 53

Hil

(1) W7t~ £HE Ad2 A ~€(Landfill gas capping liner system) (£3 W& 5206067)
oAl A ARG E = Apdere Ge] Thag R AR Gl TtaF e R A
oAUt 7tx TR FES ARwFger Ay wWo] glom Auuk oo fjAst= HESI
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(3) Multi-mode combuster (53] 3 4983364)
- Thermal combuster®} catalytic oxidizer 7} Ho|H o2 WAAZAFO F=7l FE7F-
FEo wEt 7 7HA F eyt st eE A"

- T7Ad: dilution air valve, heat exchanger, electric heater, HZd 5 A4 %3

Lo

- tf ¢k Thermal combustert] 419l internal combustion engineAt-& 7}

(4) Condensate trap for vapor extraction system (538¥H <& 5372621)

- 74 : vapor tight vessel, mist eliminator (impingement type), condensate collector

- vessel®] A : vapor inlet, vapor outlet, swing check valve

- swing check valve : 473 =ol71x] & wi= @3Phrt 4 3, Al 443 =o] o]}

2 $E7F A=Y check valverb 23]

(5) Process for the separation of landfill gas (53]¥H < 4681612)
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(6) Recovery of methane from landfill gas (53" 3& 4770676)
Multi-column &#HA|A8S 53] WHI/AZ2RE 53 vay o|isegiAs R

T Aottt WYl AE temperature swing adsorption section(TSA)ES E3stHA n o &

wEo] AANE dAAE #HAHS AR F pressure swing adsorption section(PSA)S & 3}3}
24 ved ojitster vt ] H

(7) Regeneration of adsorbents (£3]¥H & 4784672)
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(8) Method and apparatus for disposing of landfill produced pollutants (53 ¥ 3 4838184)

w1 ol A e spaeh 3 e 0AEAS AAsE TAHOEA 12H O

2 3709 £98 Ates 2 o] g3tel ¥
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(9) Method of controlling the flow landfill gas from sanitary landfills and apparatus for
performing the method (53 ¥ 3% 4890672)
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(10) Device for extracting and burning methane (538 ¥ % 4907964)
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(11) Process and apparatus for purification of landfill gases (53] < 5059405)
Y AsE G A EAZI agerosold] AAE Yl oF}AZl T zine oxide

columng o] &3] 3 ES A AT, o]o] activated alumina columns ©] &3}



halogensE A 713k ¥ activated charcoal columns ©]-83}¢ hydrocarbonsE A A gt} Z+
2 activated alumina columnel| % %13+ potassium permanganate©l <] 3}
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(12) Landfill gas production testing and extraction method (£3]¥ 3 5063519)
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- Return on Investment(ROI) #4149

- Payback Period(PP) #2
- Turnover Ratio(TOR) #41¥

- Return on Investment(ROI) #41 %
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Electric Driven Compressors and Coolers
Dehydration Unit
Electric Connection
Pipeline
Steam Plant Modification
@ Fz=ERel o A
An 74 &3] AFEEE Solar turbineS 71Z2E 3R Al ZFAEREL AE Aol AAA H
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7V 9 £ A)A L 7t E=AlA, Turbine/Generator, ¥l 7] A%, Related Switchgear
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Compressor
Dehydration/Ligiud Removal Unit
Gas Turbine/Generator Assembly
Switchgear

Electrical Connection
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Electric Driven Compressors and Coolers
Dehydration Unit/Ligiud Removal Unit
Switchgear

Electrical Connection
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B grts 98 7oty A€ EHl plantd] W &35S o3 2o}
Boiler

Steam Turbine
Generator

Air Cooled Condenser
Water treatment plant
Controls

Switchgear
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Table 1-10. A #14d 4143

ool Z] & A A
= %_ = 7]_/K /\g X 110 v
B} e X | 7h~EHl 2B E
ROI(%) 150.04 48.60 12.24 23.37
PP(d) 1.3 2.1 12.0 6.7
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