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Abstract : This research was conducted to evaluate the operational performance of landfill facility and landfill gas energy facility
from the questionnaire survey. In order to evaluate overall operational performance, three types of weighting methods were
applied to each technical, economical, and environmental item. There was no significant difference between an equal weighted
method, a weighted method of 40% for technology, 30% for economy, and 30% for environment, and a weighted method of
30% for technology, 40% for economy, and 30% for environment. In technical performance, large and middle scales of landfill
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facilities showed higher scores of 14.8 ~ 19.7 and 14.3 ~ 19.0 than 9.8 ~ 13.0 of small scale one. In environmental performance,
large, middle, and small scales of landfill facilities showed 21.3 ~23.7, 17.6 ~ 19.6, and 20.8 ~ 23.1 scores, respectively. However,
in economical performance, there was significant difference between them with scale. Large and middle scales of landfill
facilities showed higher scores of 22.0 ~29.3 and 20.5 ~ 27.3 than 6.0 ~ 8.0 of small scale one. As a result of evaluation for
landfill gas energy facility, large scale facility showed 19.2 ~25.6 and 17.8 ~ 23.7 scores in technical performance and 23.1 ~
25.7 and 21.3 ~ 23.7 scores in environmental performance, respectively. However, in economical performance evaluation, large
scale of landfill gas energy facility showed relatively higher of 27.8 ~ 33.3 score than 18.8 ~ 25.1 of small scale one. From these
results, it was shown that economy evaluation heavily effect on the operational performance of landfill facility and landfill gas

energy facility compared to technology and environment evaluation.

Keywords : Landfill facility, Landfill gas energy facility, Technical performance, Economical performance, Environmental

performance
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Table 1. Status of landfill facility and landfill gas energy facility to complete a questionnaire in 2012 [8,9]

. Capacity Nationwide R.e Sponse for Code of local government for
Facility R (% 10° m3) ) questionnaire surb\:ey questionnaire survey
Number % Number %
Large =5 5 22 3 50.0 LF L1,LF L2,LF L3
Landfill Middle 1~<5 34 15.3 2 333 LF_Ml,LF M2
facility Small <1 184 82.5 1 16.7 LF SlI
Sum - 223 100.0 6 100.0 -
Large =5 3 20.0 2 28.6 LE L1,LE L2
Landfill gas Middle 1~<5 5 333 - 0.0 -
energy facility Small <1 7 46.7 5 71.4 LE SI,LE S2,LE S3,LE S4,LE S5
Sum - 15 100.0 7 100.0 -

® Each relevant percentage of total nationwide facility, ® Question response rate
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Figure 1. Annual generation rate (a) and landfill treatment rate (b) of solid waste in Korea (Year of 2006 ~ 2015) [13].
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Table 2. Status of landfill facility in 2012 /2015 [13]

Local Number of Total area Total capacity Residual available Operating personnel
government facility (mz) (m3) capacity (m3) (number)
Nationwide 2237225 | 31,235,065/27,057,039 | 426,813,642 /481,412,517 | 213,282,573 /252,102,551 1,396 / 1,429

Busan 1/1 747,922 / 747,922 24,494,000 / 24,494,000 11,253,184 /10,131,403 48 /52

Daegu 1/1 853,400 / 853,400 32,378,541/ 32,378,541 22,034,600 / 20,824,695 54 /54

Incheon 5/5 19,793,391/ 15,412,864 | 245,809,381 / 289,347,381 | 126,759,168 / 160,508,046 242 /248
Gwangju 1/1 177,790 / 337,860 4,220,000 / 9,480,000 2,242,775 /7,225,493 28 /28
Daejeon 1/1 608,256 / 695,788 8,762,000 / 8,762,000 1,674,193 / 3,046,398 39/39
Woolsan 2/2 360,276 / 360,276 7,064,656 / 7,064,656 2,892,989 /2,646,184 35/16
Seojong 1/2 5,569 /27,818 21,635/296,592 12,704 /268,976 2/5
Gyeongi 9/9 720,198 / 549,698 8,299,574 / 8,285,336 4,981,055/ 4,632,916 54/39
Gangwon 24 /24 1,202,476 / 1,269,640 16,374,043 / 18,648,556 5,059,469 / 6,784,639 160/ 152
Chungbuk 13/13 438,719 /437,719 5,393,650/ 5,393,650 1,931,823 /1,578,168 62/134
Chungnam 16/16 628,462 / 628,537 7,428,629 /17,526,133 3,745,962 /3,437,317 63 /54
Jeonbuk 15/14 913,552/ 855,068 8,883,534/ 8,388,934 2,682,706 /1,938,459 71/71
Jeonnam 58/61 1,315,626 / 1,463,925 16,630,388 / 18,817,298 6,744,215/ 8,220,941 229 /228
Gyeongbuk 38/38 1,017,104 / 1,069,779 14,426,974 / 15,930,938 7,990,747/ 8,759,767 151/141
Gyeongnam 28/27 2,135,840 /2,025,486 23,951,093 /23,631,908 12,786,219/ 11,807,433 126 /128
Jeju 10/10 316,484 /321,259 2,675,544 /2,966,594 490,764 / 291,717 32/30




Table 3. Status of landfill gas energy facility in 2012 /2015 [13]

Al A 7S o | R SR &

Local Number of Used (or collected) amount of Produced amount for energy Operating personnel
government facility LFG (Nm3/year) (Nm3/year) (number)
Nationwide 15/14 207,432,315/ 159,525,456 174,557,293 / 115,901,182 537/524

Busan 1/1 5,263,281/ 3,861,126 5,263,281/ 3,861,126 48 /52

Daegu 1/1 22,153,041/20,399,461 44,248,584 / 20,366,461 54 /54

Incheon 1/1 169,547,943 / 123,647,256 115,106,571 / 80,747,191 238 /244
Gwangju 1/1 1,115,057/ 2,733,575 1,115,057 /2,733,575 28/28
Daejeon 1/1 785,209 / 3,328,168 295,730/ 2,673,974 39/39
Woolsan 1/1 1,414,006 / 898,396 1,414,006 / 898,396 19/5
Chungbuk 1/1 1,254,984 / 803,295 1,254,984 / 803,295 17/12
Jeonbuk 1/1 579,600 / 640,972 541,510/ 640,972 13/13
Jeonnam 3/3 2,646,802 /1,915,362 2,646,802 / 1,845,347 37/46
Gyeongnam 3/2 1,762,123 / 474,291 1,760,499 / 474,291 34/19
Jeju 1/1 910,269 / 865,554 910,269 / 865,554 10/7
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Table 4. Technology evaluation of landfill facility and landfill gas energy facility [8,9]

Used amount of

?;;Sieﬁ(l)f Prs(())lllil(? lvt::iieirrll(;ito ' Incrff)isllartlngd}allltlelfsfehfe landfill cover soil Operating personnel
facility Data (day/year) Score Data (%) Score Data (ton/ton) Score Data (person/ton) Score
LF LI 0 1.0 3,400 0.2 0.11 0.4 0.00007 1.0
LF L2 0 1.0 129 0.2 0.17 0.4 0.00020 0.8
LF L3 0 1.0 100 0.2 0.60 1.0 0.00012 0.8
LF Ml 2 0.8 200 0.2 0.10 0.2 0.00002 1.0
LF_M2 0 1.0 100 0.2 0.14 0.4 0.00021 0.6
LF_S1 0 1.0 100 0.2 0.13 0.4 0.00674 0.2
Mean 0.33 1.0 672 0.2 0.21 0.5 0.00123 0.7
Code of No. of vertical landfill gas | Length of horizontal landfill Frequency of No. of leachate
landfill collection well gas collection well groundwater inspection inspection well
facility Data (no./mz) Score Data (m/mz) Score Data (no./year) Score Data (no.) Score
LF LI 0.00021 0.6 - 0.2 4 0.2 0 0.2
LF L2 0.00010 0.2 - 0.2 12 0.6 5 0.4
LF L3 0.00004 0.2 - 0.2 4 0.2 8 0.6
LF_Ml1 0.00010 0.2 - 0.2 12 0.6 4 0.4
LF M2 0.00043 1.0 - 0.2 0.2 4 0.4
LF_SI 0.00001 0.2 - 0.2 0.2 3 0.2
Mean 0.00015 0.4 - 0.2 6.7 0.3 4.0 0.4
laggg; (;; s Operating rate Repairing day 0;2222;?;6 Operating personnel proﬁlrltzgn;n()eigy
energy facility ]3;:)21 Score ( da];;l;Zar) Score ( da];/a;Zar) Score Daltg(,(%ilsg()m/ Score (T O?;/l]t\?m3) Score
LE L1 105.6 1.0 18 0.4 18 0.2 0.01 1.0 0.0002 0.2
LE L2 100 0.8 2 1.0 300 0.4 0.02 1.0 0.0004 0.4
LE_SI 93.1 0.8 1 1.0 28 0.2 0.02 1.0 0.0002 0.2
LE_S2 106 1.0 7 0.8 31 0.4 0.05 1.0 0.0003 0.4
LE_S3 87.9 0.6 2 1.0 28 0.2 0.07 0.8 0.0003 0.4
LE S4 90.4 0.8 10 0.8 4 0.2 0.26 0.2 0.0008 0.8
LE S5 90.3 0.8 26 0.2 16 0.2 0.15 0.6 0.0003 0.4
Mean 96.2 0.8 9.4 0.7 61 0.3 0.08 0.8 0.0004 0.4
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Table 5. Economy evaluation of landfill facility and landfill gas energy facility [8,9]

Code of | Operating expenses Labor cost Repairing cost Energy sale profit Energy cost Reagent cost
landfill Data Data Data Data Data Data
facility (Wton) Score (Wton) Score (W/ton) Score (Witon) Score (W/ton) Score (Wton) Score
LF L1 11,889 0.8 5,943 0.8 365 1.0 0 0.2 940 1.0 229 1.0
LF L2 22,226 0.6 11,122 0.6 2,570 1.0 0 0.2 2,644 0.6 6 1.0
LF L3 26,804 0.6 8,358 0.8 1,342 1.0 0 0.2 1,086 0.8 734 1.0
LF M1 1,814 1.0 209 1.0 806 1.0 0 0.2 101 1.0 106 1.0
LF M2 33,868 0.4 12,116 0.6 10,761 0.8 0 0.2 2,495 0.6 3,174 0.4
LF SI 346,198 0.2 197,402 0.2 47,550 0.2 0 0.2 7,319 0.2 7,694 0.2
Mean 73,800 0.6 39,192 0.7 10,566 0.8 0 0.2 2,431 0.7 1,991 0.8
Code of | Operating expenses Labor cost Repairing cost Energy sale profit Energy cost Reagent cost
landfill gas Data Data Data Data Data Data
energy facility (W/Nm?) Score (W /Nm3) Score (#/Nm') Score (W /Nm3) Score (#/Nm') Score (W, /Nm3) Score
LE L1 25 1.0 8 1.0 1 1.0 150 0.6 1.0 1.0 0.2 0.8
LE L2 50 1.0 13 0.8 11 1.0 136 0.6 17.1 0.4 0.1 0.8
LE S1 98 1.0 8 1.0 75 0.4 130 0.6 0.1 1.0 4.5 0.4
LE S2 96 1.0 17 0.8 75 0.4 150 0.6 1.0 1.0 0.0 1.0
LE S3 142 0.8 27 0.6 25 0.8 188 0.8 14.0 0.6 7.9 0.2
LE S4 457 0.2 - 0.2 - 0.2 - 0.2 - 0.2 0.0 1.0
LE S5 117 0.8 32 0.4 30 0.8 17 0.2 10.1 0.6 0.0 1.0
Mean 141 0.8 18 0.7 36 0.7 129 0.5 7.2 0.7 1.8 0.7
H] = 1,814 ~ 346,198 Y/ =(H (H 1419/Nm) T} 8 ~32/Nm’ (B 18Y/Nm') o2 ZA}

WAL HrE B &%
T 73,8009/F)0 2 A A po|7} ZTHTable 5) [8,9]. E3],
gty Sree] Hak >Gu7E oF 201 /EAS LS
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W7k ol x| EhA] A o] & Gulel Q1A u|= 25 ~ 4579)/Nm'’
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Table é. Environment evaluation of landfill facility [8,9]

Energy independence .. Violation frequency of Generated

Code of rate Fuel use Electricity use environmental standards leachate

landfill

facility ]3;:)21 Score (ng;?on) Score (k\]ifjtzn) Score (ND(S;) Score (n??ttcf)in) Score

LF L1 3,425 1.0 0.0008 1.0 1.7 1.0 0 1.0 0.6 0.8

LF L2 121 0.6 0.0031 0.4 9.6 0.8 0 1.0 0.6 0.8

LF L3 161 0.8 0.0027 0.6 11.7 0.6 0 1.0 1.7 0.4

LF M1 0.2 0.0002 1.0 0.7 1.0 0 1.0 0.1 1.0

LF M2 0.2 0.0053 0.2 224 0.2 0 1.0 1.9 0.4

LF S1 0.2 0.0250 0.2 41.8 0.2 0 1.0 5.6 0.2

Mean 618 0.5 0.0062 0.6 14.7 0.6 0 1.0 1.8 0.6

Code of BOD COD SS T-N T-P

landfill Data Data Data Data Data

facility (mg L'l) Score (mg L']) Score (mg L']) Score (mg L) Score (mg L']) Score

LF L1 - 0.2 - 0.2 - 0.2 - 0.2 - 0.2

LF L2 11 0.8 633 0.2 19 0.8 - 0.2 7.3 0.2

LF L3 41 0.2 270 0.6 26 0.6 - 0.2 0.7 0.8

LF M1 19 0.8 665 0.2 37 0.4 811 0.2 0.4 1.0

LF M2 45 0.2 459 0.2 32 0.4 - 0.2 0.8 0.8

LF Sl 6 1.0 1 1.0 3 1.0 10 1.0 0.6 0.8

Mean 24 0.5 406 0.4 23 0.6 411 0.3 2.0 0.6

Code of Polymer AlLSO4 FeCl, H,SO, NaOH

landfill Data Data Data Data Data

facility (L /m3) Score (L /m3) Score (L /m3) Score (L /m3) Score (L /m3) Score

LF L1 0.00 1.0 0.00 1.0 0 1.0 0 1.0 0.00 1.0

LF L2 0.00 1.0 0.00 1.0 0 1.0 0 1.0 0.00 1.0

LF L3 0.00 1.0 0.89 0.6 0 1.0 0 1.0 0.00 1.0

LF M1 0.19 0.2 1.50 0.4 0 1.0 0 1.0 0.21 0.8

LF M2 0.00 1.0 2.08 0.2 0 1.0 0 1.0 0.90 0.4

LF S1 0.02 0.8 0.89 0.6 0 1.0 0 1.0 0.86 0.4

Mean 0.04 0.8 0.89 0.6 0 1.0 0 1.0 0.33 0.8
0.00003 TOE/Nm?), A7]AH8-2-2 0.098 kW/Nm® (0.002 ~ 2 oy Astadofl tiste] F F7HE AAlskoh S8
0.160 kW/Nm') 2 2 ZA}E|$lth(Table 7) [8,9]. $74 715 $Jut b e 71e4d, AA, 28/l tisted 7}%1% w55t
& LE_LIRE 23)/do|glal UmA= )8t o] gl 2oz A HoAst AL, ZF 40%, 30%, 30%E AAT AL, 12
UFERyT) E3F Al ARERS B 0.5 LNm’ (0~2.7 L/Nm) ZF 30%, 40%, 30%=2 AA3E Ao A /A= %@18}9&4.
ojlem, st Aol &= He A4 ARESHA] & AT v AAE = H7E AAE A - G A E

.

Ao g VETH89) sHitshkEit AAlshE 9] Wi sEe
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Aot A% F HES AR ol AL Hoick kB
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35. 5 &7t
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HEl A} (Table 4 ~7 Z2)E vhgro 2 njPAd L vy}
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Table 7. Environment evaluation of landfill gas energy facility [8,9]
laggglel (;; S Energy 11;:tzpendence Fuel use Electricity use e:i?iggg;gi?zfgg;; Tap water use
energy facility %Zt)a Score (T O]])Ea/lgm3) Score (k\gflzlinS) Score (NDoa.l;;r) Score (L]/)Iillﬁif) Score
LE L1 960 1.0 0.00002 1.0 0.120 0.8 2 0.8 2.7 0.6
LE L2 1,118 1.0 0.00003 1.0 0.150 0.8 0 1.0 0.2 1.0
LE S1 42,082 1.0 0.00000 1.0 0.002 1.0 0 1.0 0.0 1.0
LE S2 2,117 1.0 0.00001 1.0 0.060 1.0 0 1.0 0.0 1.0
LE S3 872 1.0 0.00003 1.0 0.160 0.8 0 1.0 0.0 1.0
LE s4 - 0.2 - 0.2 - 0.2 0 1.0 0.0 1.0
LE S5 - 0.2 - 0.2 - 0.2 0 1.0 0.3 1.0
Mean 9,430 0.8 0.00002 0.8 0.098 0.7 0.3 1.0 0.5 0.9
Code of Groundwater use Recycled water use Sulfuric oxides Nitric oxides Polymer
landfill gas Data Data Data Data Data
energy facility| (L, /ng) Score (L /ng) Score (ppm) Score (ppm) Score (mL. /m3) Score
LE L1 0 0.2 0 0.2 294 0.6 18 0.8 0 1.0
LE 1.2 0 0.2 0 0.2 - 0.2 - 0.2 0 1.0
LE S1 0 0.2 0 0.2 - 0.2 - 0.2 0 1.0
LE S2 0 0.2 0 0.2 - 0.2 - 0.2 0 1.0
LE S3 0 0.2 0 0.2 11 1.0 49 0.2 0 1.0
LE S4 0 0.2 0 0.2 - 0.2 - 0.2 0 1.0
LE S5 0 0.2 0 0.2 - 0.2 - 0.2 0 1.0
Mean 0 0.2 0 0.2 153 0.4 34 0.3 0 1.0
Code of ALSO, FeCl, H>SO04 NaOH
landfill gas Data Data Data Data Note
energy facility (mL /m3) Score (mL /m3) Score (mL /m3) Score (mL /m3) Score
LE L1 0 1.0 0 1.0 0.0030 1.0 0.013 1.0 -
LE L2 0 1.0 0 1.0 0.0000 1.0 0.000 1.0 -
LE S1 0 1.0 0 1.0 0.0000 1.0 0.000 1.0 -
LE S2 0 1.0 0 1.0 0.0000 1.0 0.000 1.0 -
LE S3 0 1.0 0 1.0 0.0000 1.0 0.000 1.0 -
LE S4 0 1.0 0 1.0 0.0000 1.0 0.000 1.0 -
LE S5 0 1.0 0 1.0 0.0000 1.0 0.000 1.0 -
Mean 0 1.0 0 1.0 0.0004 1.0 0.002 1.0 -
A (solid line)> w5 7HAE FoIgt 4%, 24l(dashed [8,9]. ZLefut BAI A= o - S+E7F 22.0~29.3% 3% 20.5
line)-2 Z+Z} 40%, 30%, 30%2] 71=A& Fojst Z9, 181l ~2733-0 2 Aq1H0] 6.0~8.04 Hof & AXE Holy F
% 4l (dotted line) ZH2+ 30%, 40%, 30%2] 7H52 5 HFoigt oAl w2 AeE BP9, 10]. 71ed, A, 2

A5 vehdc

714, AA, 87430 Wg 45 A, ZF 40%, 30%,
30% 7FEX], ZF 30%, 40%, 30% S ZF FEE Has
2ol 7k gl AL 2 ek thFigure 2). weba] o] s1zko]
A 7HeA el tigk e glo] Awsieith

WPHAEE 7ol W - ST 148~ 19731} 14.3 ~
190902 AFHE©O.8~13.0%) Bt thh =0 H4E uof
3, AL o - AFRT)21.3~23.783 208 ~23.180 8
SR 17.6 ~19.6% Hrt} tfa =Qkthk(Table 8, Figure 2)
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Table 8. Overall evaluation of landfill facility and landfill gas energy facility [8,9]

o Technology Economy Environment Overall
Code of facility
Score Avg. Score Avg. Score Avg. Score Avg.
15.8" 26.7 24.0 66.5
LF LI 19.0" 24.0 21.6 64.6
14.3° 32.0 21.6 67.9
15.8 16.4 222 244 24.0 23.7 62.1 64.5
LF L2 19.0 19.7 20.0 22.0 21.6 21.3 60.6 63.0
14.3 14.8 26.7 29.3 21.6 21.3 62.6 65.4
17.5 244 23.1 65.1
LF L3 21.0 22.0 20.8 63.8
Landfill 15.8 29.3 20.8 65.9
facility 15.0 289 227 66.6
LF M1 18.0 26.0 20.4 64.4
- 135 15.8 34.7 22.8 20.4 19.6 68.6 58.2
19.0 20.5 17.6 57.1
16.7 14'3 16‘7 27‘3 16.4 17-6 49.8 59'2
LF M2 20.0 15.0 14.8 49.8
15.0 20.0 14.8 49.8
10.8 10.8 6.7 6.7 23.1 23.1 40.6 40.6
LF SI 13.0 13.0 6.0 6.0 20.8 20.8 39.8 39.8
9.8 9.8 8.0 8.0 20.8 20.8 38.6 38.6
15.3 20.9 222 58.4
Overall mean 18.3 - 18.8 - 20.0 - 57.2 -
13.8 25.1 20.0 58.9
18.7 30.0 26.2 74.9
LE L1 22.4 27.0 23.6 73.0
- 16.8 21.3 36.0 27.8 236 25.7 76.4 74.8
25.6 25.0 23.1 73.7
24.0 192 25.6 333 252 23 1 74.8 75 6
LE L2 22.8 23.0 22.7 74.5
21.6 30.7 22.7 75.0
21.3 244 25.7 71.5
LE S1 25.6 22.0 23.1 70.7
19.2 29.3 23.1 71.7
Lagfsﬁ” 24.0 26.7 25.7 76.4
cnergy LE S2 28.8 24.0 23.1 75.9
L 21.6 32.0 23.1 76.7
facility
20.0 19.7 21.1 20.9 27.1 23.7 68.3 64.3
LE S3 24.0 23.7 19.0 18.8 24.4 213 67.4 63.8
18.0 17.8 253 25.1 24.4 21.3 67.8 64.2
18.7 11.1 20.0 49.8
LE S4 22.4 10.0 18.0 50.4
16.8 13.3 18.0 48.1
14.7 21.1 20.0 55.8
LE S5 17.6 19.0 18.0 54.6
13.2 25.3 18.0 56.5
20.2 22.9 243 67.3
Overall mean 24.2 - 20.6 - 21.9 - 66.7 -
18.2 27.4 21.9 67.5

* Equal weighted score
®) Weighted score of 40% for technology, 30% for economy, and 30% for environment
© Weighted score of 30% for technology, 40% for economy, and 30% for environment

+ 27.8~33343} 188~25.15 0% Hr} & Aolg YERY o Aol i 7EL oA SAl o] Wi-AIE Ky AA=
SAEH(Table 8, Figure 2). Z12{u} f 5o whg A4 F7F 4 &3k
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Figure 2. Overall evaluation of landfill facility and landfill gas energy facility with scale (solid line = an equal weighted score; dashed line =
a weighted score of 40% for technology, 30% for economy, and 30% for environment; dotted line = a weighted score of 30% for

technology, 40% for economy, and 30% for environment)
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