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1.1

1997 12
2008 2012
CDM
CDM
CDM
GHG
GHG

Certified Emission Reduction: CER

CDM GHG
CDM
1.2
105
Stung Mean Chey SMC
670
2003 2004
@JICh)

COP3

1990

Clean Development Mechanism:

2008

2000

Green House Gas: GHG

2000

290km2
1960

JICA
SMC



SMC LFG
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1.3
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11 4
80 —
1200 1900
1 25 4 29 32
38 1
65 70 9 85 90 2000 2200
181,035km?2 49 25,000km?
2.2
4 24 183 1,621
13,406 1998 11,400,000 2.5
85 1999 36
0.46 0.54 0.63
40
2000 2002 GDP 4.5 6 5.5 GDP 12
5 92
2.1 GDP
1995 1996 1997 1998 1999 2000
GDP( ) 3,079 3,115 3,054 2,797 3,054 3,090
GDP/ ( ) 304 300 281 247 260 253
2002
GDP
55 2003
3.5
GDP 46.4
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LFG 20 25
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9,468m3

N

(2002,2003)

40,380m3

(2002,2003)

55,440m3

(2000)

-

Gutter
L—
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@

1)
EPA
Q > 2kLMi(e™ )
Lo Lo 1
/Mg 0.003 0.21/
LFG IPCC
CHas=Land x MCF x DOCFrac x GasFrac x CHsFrac x Conv Recov
CHa4 : Gg/
Land: Galy
MCF:
DOCFrac:
GasFrac:
CHasFrac:
Conv: 16/12(CHJ4/C)
Recov: ( 0.0
2
MCF 100
5m 80
0.8
3.2
MCF
1.0
0.8
0.4
0.6
3)

(DOCFrac) JICA
DOC 0.15

DOCFrac=0.40xA+0.17xB+0.15xC+0.30xD
0.40 x 0.09 + (0.17 + 0.30) /2 x 0.07 + 0.15 x 0.07
0.15
AB,C,D

10

6.2 270



3.3
Category Composition DOC Organic
(%) carbon
content
A. Paper & Textile 0.09 0.40 0.04
C. Kitchen Waste 0.63 0.15 0.09
(B. D.)Grass & Wood 0.07 0.235 0.02
Total 0.79 0.15
JICA B+D (0.17+0.30)/2
=0.235
4)
GasFrac
0.76X 0.02 o 3 )
y=30.61 log X — 6.91 4
y
X xX>1
3.4 GasFrac
Age 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Erzsc 3.10 | 8.11 | 8.08 | 18.22 | 3.06 | 2.42 | 2.01 | 1.71 | 1.50 | 1.33 | 1.19 | 1.09 | 0.99 | 0.91 | 0.85
GasFrac
0.2
0.15 /\
0.1
005  / \.\‘\g
O L L L I I \v\v\¢\¢\¢\¢\¢\V\¢
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Year
3.6
5)
CHuasFrac LFG 20
6)

11




CH4 {(9,468+40,380)/2 x0.031+(9,468+40,380)/2 x0.0811+55,440x0.1822}x0.8x0.15x0.20x16/12

=394.76 /
=394.76 / 365
1,0815kg/

10
972kg/
CH4 1,081 1 01
972kg/
®
LFG
LFG
50cm
NO.5 NO.6
NO.7 NO.8
80
] ] 1 | Nos
No;2 No;4 Nos | | O K/
I ) @ ) |
N I
LO|
Noil No:3 No:7 \\
I ) @ ) |
No.5 50cm

12

50cm



35LFG

NO
V-01-AN IV D
V-01-AN IV D
m/s
V-01-AN IV D
XP 314
ppm
XA-926
ppm
XA-926
8
3.8 20cm
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20cm



12 3.7

JICA NO. NO. NO. NO.
2 2 NO.56 NO.7,8
LFG
60 70 30 40
3.6
ka/
NO.5 295(71%) 119(29%) 414(100%)
NO.6 269(62%) 164(38%) 433(100%)
900kg/
/( )x 100
= 900/972 x 100
= 926%
(
( 40 55%) (50 40%) 90%
(21%) (78%)

20%

14



CDM

3.7 LFG
kg ppm
1 2 3 4 5 | 7 6 | 8
< |LFG | 1614| 1451| 1343 1329 5737| 8605.5
olcHa | 211) 208| 182| 159 760 1140
—
m|H2S | 0.5] 3] 1] 8
o
5
Co 5, 5/ 5 10
LFG | 1709| 1234| 1119| 1031 5093| 7639.5
CH4 | 213| 177| 125 116 631| 946.5
—
<[H2s | 0.5| 1.5 0.5 4.5
o
15
Co 51 5/ 5 5
1790] 705| 2753] 490
LFG | 1248| 490 841| 977| 2495 3243 | 9294
67] 74] 136] 61
CH4 | 147| 80| 114] 122 141 197 801
-~ 3.5/ 10.5] 12[ 30
x|H2s | 22| 26.5| 0.5 2
S 65 120] 55| 120
Co 10l 5 o s
LFG
[s2]
_, [ona ‘ ‘
S|H2S | 30| 25.5| 0.5 2 11.5 30
S | |
Co 5, 5/ 0o o 55 105
1904  705| 2135] 490
LFG | 183| 377 664 832 2609 2625| 7290
~ 325 333
CH4 | 32| 66| 64 115 325 333| 935 1070
- 30] 30]
S|H2S | 30| 19.5| 0.5] 19
Q 75] 55
Co 25| 5| 5 10
1718] 705] 2037] 490
LFG | 168 346/ 881| 870 2423 2527| 7215
- 277 290
CH4 | 30| 56| 110 116 277 290 879 1014
~ 26.6] 30 27 30
S|H2S | 23] 15| 5| 25
Q 43] 15| 27] 35
Co 13 3 2 9
1749| 691| 1675 963
LFG | 215 199| 786| 1024 2440 2638| 7302
o 295] 119] 269] 164
CH4 | 35| 33 125 148 414 433| 1188
~ 8.5] 2| 5[21.5
S[H2s | 21.5| 28| 0.5| 16.5
Q 45] 15| 25| 25
Co 5, 5/ 5 10
LFG CH4 ka/ H2S Co ppm
LFG

15



©)

SMC

SMC

JICA

2003 Present
All Study Area

Generation
927.8 ton/day
(100.0%)

The study on

solid waste management in the municipality of Phnon Penh in The

Kingdom of Cambodia JICA

3.10

16

30 1
JICA
2003
927.8 / 142.4 / 85.9 /
668.6 /
Self Disposal
=P 142.4 ton/day
(15.3%)
Other Wastes
39.4 ton/day
(4.2%)
lllegal Dumping
=) 70.4 ton/day
(7.6%)
Household Waste
584.1 ton/day Discharge 6475 v SMCDS Final Disposal
(63.0%) = 668.9 ton/day P 686.9 ton/day P 668.6 ton/day
(72.1%) 69.8% (74.0%) (72.0%)
Waste from Brought from l
Business activites uncollection area
343.7 ton/day 7.8 ton/day Recycling Recycling
(37.0%) (0.8%) Activity (SMCDS)
21.4 ton/day 18.3 ton/day
(2.3%) (2.0%)
Recycling v - Recycling
=P 46.1 ton/day P 85.8ton/day
(5.0%) (9.3%)




SMC

3.8 SMC
(Kf/59% 8.7
Paper , ;
Paper |0 dboard 2,010 11.0
Plastic bottl 600 3.3
Plastic |Soft plastics 2,220 12.1
Hard plasticg 1,050 5.7
Aluminum can 30 0.2
Metal Steel can 1,890 10.3
Steel 1,170 6.4
Glass bottle 90 0.5
Cloth 330 1.8
Organic waste 7,350 40.0
Total 18,330 100.0
SMC
2006
3.9
/ /
1996 370.2 135,000.0
1997 403.9 147,000.0
1998 440.2 161,000.0
1999 479.4 175,000.0
2000 521.6 190,000.0
2001 566.8 207,000.0
2002 615.3 225,000.0
2003 668.6 244 ,000.0
2004 715.1 261,000.0
2005 769.0 281,000.0
2006 827.2 302,000.0
2007 0.0 302,000.0
2008 0.0 302,000.0
2009 0.0 302,000.0
2010 0.0 302,000.0
2011 0.0 302,000.0

17




SMC 3.10
CHas=Land x MCF x DOCFrac x GasFrac x CHaFrac x Conv Recov
3.10 SMC
1996 1997] 1998] 1999] 2000] 2001] 2002] 2003] 2004] 2005] 2006] 2007] 2008] 2009] 2010] 2011
1996 134 350] 349] 787] 132] 105 87 74 65 57 51 47 43 39 37 0
1997 0 146] 381] 380] 857 144] 114 95 80 71 63 56 51 47 43 40
1998 0 0 160] 418] 416] 939] 158] 125] 104 88 77 69 61 56 51 47
1999 0 0 0 174] 454] 452 1020] 171] 136] 113 9 84 74 67 61 55
2000 0 0 0 0 188] 493] 491] 1108 186 147] 122] 104 91 81 72 66
2001 0 0 0 0 0| 205] 537] 535/ 1207] 203] 160/ 133] 113 99 88 79
2002 0 0 0 0 0 0| 223] 584 582 1312 220 174] 145] 123] 108 9
2003 0 0 0 0 0 0 0 242] 633] 631 1423] 239] 189] 157] 134] 117
2004 0 0 0 0 0 0 0 0] 259] 677] 675] 1522] 256] 202] 168] 143
2005 0 0 0 0 0 0 0 0 o[ 279] 729] 727] 1638] 275] 218] 181
2006 0 0 0 0 0 0 0 0 0 0| 300] 784] 781 1761] 296] 234
2007 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2008 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2009 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2011 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
total 134 496] 890] 1759 2,048 2338] 2,630 2933] 3251 3577 3617] 3154] 2662] 1146] 979] 824
3577 7,194]10,348] 13,010] 14,156] 15.135] 15,959
LFG 10 92.6
15,959 1 01 0.926 13,300 2005 2011 7
13,300 21 279,300 CO2eq ( )
LFG
LFG
24
NO.

18
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3.4

UNFCCC
LFG
LFG
LFG
1
CDM
GHG
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M3 100% 2
2 % M&C 1 2
3 % M&C 100% 2
LFG GHG
LFG LFG
LFG
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Low

Yes
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03 5638 7161
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24



3.5

2006 2005 2006 2
5,000
3.13
NO
/
Engineering Manager 3000 3000
Operations Manager 2500 2500
Training & Safety Coordinator 2500 2500
Site Technician 1000 2000
10,000
3.14
2005 2006 2007 2008 2009 2010 2011
455,000 | 353,000 0 0 0 0 0 808,000
95,000 72,000 | 5,000| 5,000| 5,000| 5,000| 5,000 192,000
10,000 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 70,000
560,000 | 435,000 | 15,000 | 15,000 | 15,000 | 15,000 | 15,000 | 1,070,000
2005
363,000 92,000 455,000
48,000 14,000 20,000 13,000
95,000
2006
275,000 78,000 353,000
32,000 7,000 20,000 13,000
72,000

25
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3.6

24
48
15 53.6 8.6% 0.5%,
40% 14% 12.1 2020
991 MW
114 12,000
70 80 MW, 129.2 MW
(EDC 74.5 MW, IPPs 54.7 MW) , 2004 170MW, 2020 649MW
2000 415.14 GWh
50MW 300kW t 5 MW 2010
173 MW 2020 342 MW
2000
14.6 US cents / kWh 25 50 US cents / kWh

SMC

3.15

KWh

50KW /month 350
51 100KWh 550
101KWh 650

700

NGO 800

650
600
500
480

600
550
500
480

29



SMC 20
Location SMC
3.16
NO [Name of interviewers | Sex |Age Sangkat Village Tarif Location
(Riel/month)
1 |Ouk Dem M | 41 |Beung Tom Poun |Chamroeun Phal 20000 East
2 |Oung Tauv M | 66 |Beung Tom Poun |Chamroeun Phal 30000 East
3 |Seun Sareth F | 37 |Beung Tom Poun |Cham Roeun Phal 20000 East
4 |Chea Sophon F | 32 |Beung Tom Poun |Cham Roeun Phal 12000 East
5 |Oung Kunthy M | 35 |Beung Tom Poun |Cham Roeun Phal 55000 East
6 |Kong Sarin M | 60 |Beung Tom Poun |Chamroeun Phal 50000 East
7 |Hom Iv F | 48 |Stung MeanChey |Russey 24000| South
8 |Kauv Kam M | 68 |Stung MeanChey |Russey 31000| South
9 [May Sotha F | 47 |Stung MeanChey |Russey 32000| South
10 |Chan Vanna F | 51 |Stung MeanChey |Russey 45000 South
11 [Chea Ny F | 31 |Stung MeanChey |Dam Nakthom 5000 North
12 [Khin Born F | 57 |Stung MeanChey |Dam Nakthom 9000 North
13 [Oung Phum M | 67 |Stung MeanChey [Dam Nakthom 60000 North
14 |Yim Yet F | 40 |Stung MeanChey |Dam Nakthom 25000| North
15 [Porn Cheanthy F | 37 |Stung MeanChey |Russey 16000 West
16 [Chuy Pork F | 30 |StungMean Chey |Russey 6300 North
17 |Sour Sothea M | 33 [Stung MeanChey [Russey 15000 North
18 [Heng Chanthy F | 32 |Stung Mean Chey |Russey 30000 West
19 |Chim Samboth M | 29 |Stung MeanChey |Russey 40000 West
20 |Em Sileap F 47|Stung MeanChey |Russey 27000] West
550 / KWh 3
900 / KWh 2
1000 / KWh 6
1200 / KWh 6
1700 / KWh 3
90

30




90

10
SMC
SMC 4 10 15
3.14 3.17
3.17

A 15

B 10

C 15

D 10
50
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3.18

A B C D
a. 6 16 22 16 60
b. 6 4 0 0 10
C. 18 0 8 4 30
30 20 30 20 100

C B 20
A 10
3.19

A B C D
a. 5 6 2 8 18 34
b. 5 9 2 0 0 0 2
C. 10 20 18 6 4 0 28
d. 20 4 12 18 2 36
30 20 30 20 100

5 8
3.20

A B C D

6.9 8.2 5.4 5.9 6.5
100 200
300 D 500 1,000
3.21 I

A B C D
a. 10 0 0 0 0 0
b. 10 50 2 0 0 0 2
c. 50 100 8 4 10 10 32
d. 100 200 14 10 10 4 38
e. 200 300 2 6 6 2 16
f. 300 500 4 0 4 0 8
g. 500 1,000 0 0 0 4 4
h. 1,000 0 0 0 0 0
30 20 30 20 100

w
w
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14
3.22
( )
A B C D
14 10 18 8 50
0 0 0 0 0
8 6 12 10 36
0 0 0 0 0
8 4 0 2 14
0 0 0 0 0
30 20 30 20 100
36 52
88
3.23
( )
A B C D
8 6 12 10 36
18 10 18 6 52
26 16 30 16 88
130.9kg/ / 39.4kg
1 1 15kg 9
3.24
( :Kg)
A B C D
11.5 7.0 8.4 8.3 9.4
36.2 55.0 34.9 35.6 39.4
161.4 | 188.0 52.9 | 100.0 | 130.9
5.6 4
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3.25

( )
A B C D
7.4 4.0 4.4 5.0 5.6
4.1 5.6 3.4 3.4 4.0
2.8 7.4 2.6 7.5 4.2
SMC
40 SMC
LFG 20 25
LFG
50
3.26
435kw
24 /
365 /
LFG 300m%/
50
; 300 m/  x 24 / x 0.5 x 16kg/22.4 m®* =2,572 kg/
2005 2010 6
435 KWx 24 / x 365 / = 3,810,600KW
350 /KW 3,810,600*350/4,000=333,000
1,998,000
3.27
t kg/ (kg/ ) MW/ )
2005 3,577 9,800 2,572 3,810 333,000
2006 3,617 9,909 2,572 3,810 333,000
2007 3,154 8,641 2,572 3,810 333,000
2008 2,662 7,293 2,572 3,810 333,000
2009 1,146 3,139 2,572 3,810 333,000
2010 979 2,682 2,572 3,810 333,000
2011 824 2,257 —
15,959 1,998,000
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SMC

1 1 15kg
S
15kg 1 9 1 3
555,030
88,100 9 0.3 555,030
LFG 20 25 1/5
1 1 5
5 shC
LFG 5
3.28
t/ t/

2005 3,577 298 19,800

2006 3,617 301 20,000

2007 3,154 262 17,400

2008 2,662 221 14,700

2009 1,146 95 6,300

2010 979 81 5,400

2011 824 68 4,500

15,959 88,100
1 1 40 10kg 10

LFG: 0.87 x 0.04 x 0.04 x 3.14 x 60 x 60 x 10 = 157.35 m3

CH4: 157.35 x 0.25 x 16 / 22.4 = 28 kg

0.87m/sec

0.04
1 60 x 60
10
LFG 25
16
1 22.4L

36



1 10 1

1 240 7 306.2

0.125 /kg 46,740

1kg 0.0321

1/
( )— X 4 0.125 0.0321 x 4 = -0.0034
2.29
t kg/ (kg/ ) kg/
2005 3,577 9,800 350 84,000 10,500
2006 3,617 9,909 353 84,720 10,590
2007 3,154 8,641 308 73,920 9,240
2008 2,662 7,293 260 62,400 7,800
2009 1,146 3,139 112 26,880 3,360
2010 979 2,682 95 22,800 2,850
2011 824 2,257 80 19,200 2,400
15,959 373,920 46,740
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3.7

CDM
CERs CO 1 3 4 5 FIRR
Co 1 CER FIRR 3.4 5
FIRR 26.4
3.30 FIRR
FIRR
3 /C0, eq ton 15.2
4 /C0, eq ton 3.4
5 /C0, eq ton 26.4
3.31 CERs
2005 2006 2007 2008 2009 2010 2011
455,000 | 353,000 0 0 0 0 0 808,000
95,000 72,000 5,000 5,000 5,000 5,000 5,000 192,000
10,000 10,000 10,000 | 10,000 10,000 10,000 | 10,000 70,000
560,000 | 435,000 15,000 | 15,000 15,000 15,000 | 15,000 | 1,077,000
CH, 3,577 3,617 3,154 2,662 1,146 979 824 15,959
Coeq t 75,117 75,957 | 66,234 | 55,902 | 24,066 | 20,559 | 17,304 335,139
Capture(t) 62,603 63,303 | 55,199 | 46,589 20,057 17,134 | 14,421 279,305
3 /t 187,808 | 189,908 | 165,598 | 139,766 | 60,170 | 51,402 | 43,263 837,915
4 /t 250,410 | 253,210 | 220,798 | 186,355 | 80,226 | 68,535 | 57,685 | 1,117,219
5 /t 313,013 | 316,513 | 275,997 | 232,944 | 100,283 | 85,669 | 72,106 | 1,396,524
Capture X X

CH4 x 1 0.1 x 0.926
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CDM SMC 2005

CDM JICA
CDM
2003 6 23 NO.195
UNFCCC
UNFCCC
1995 12 18 UNFCCC 1996
2002 7 4 2002 8 22
1999 CCEAP(Climate Change Enabling Activities Project) UNDP GEF(Global
Environment Facility)
UNFCCC 1994 1994 2020
CDM
F/S
DPWT PPWM CDM
CDM 2006
CDM
JICA
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MOE

DOE DPWT MPWT
CDM DOE
DPWT
Mr. Nhem Saran Mr. Moeung Sophan
CDM
JICA
DPWT

Mr. KHEM Sandap
Mr. TED Sambath
2005

CDM

23
1 300
57 /

40



8.1

1 2 3 4 4 5 6 7
Name of Kandal Phnom Penh Kampong Cham |Ratanakiri Ratanakiri Siem Reap Kampong Thom [Pur Sat
government Province
N f Department of|DPWT Department of|Provincial Provincial Department of|Department of|Provincial
ame ot envi ronment environment |municipality |Department of|envirnment of|Environment [Municipality
organization Environment |Siem Reap
v Long Yan Kong Thoeun Khien Phosy |Em Chhoen Phong Lyna [Mam Rithy Vong Samol
5| 'our name Chansavuth  [Sreyneang
Telephone 011 878 499 | 012 595 746 | 016 869 315 | 012 967 701 | 012 988 519 | 012 775 365 | 012 924 395 | 012 896 814
4lPopulation 61086 1.200.000 48,761 20,000 4,705 720,000 67,000 20,000
Name of Prek Ho Stung Wat Tmey Village 4 Monorom Prey Kuy No name yet. | Srang Touch
disposal site Meanchey village It is a new
Area now 5,000 68,000 40,000 1,000 200 30,000 10,000 20,000
(m2)
Area from now 1,500 52,000 60,000 10,000 OnlyReserved 30,000 0 10,000
6 (m2) land
Total 20,000 120,000 10,000 11,000 50,000 60,000 10,000 30,000
(m2)
Age of 4 38 6 3 8 5 2 8
disposal site
Dai |y waste 4 680 miss 4 miss 95 7 12
8 amount(m3)
8 miss 9,5 Do not think 1,5 57 miss 12
(tons)
Waste amount 84,960 miss Frequence Frequence miss 242,725 20,000 80,000
from now(m2) diposal & diposal &
9 hiirninn hiirninn
28,320 1,277, 500 420 no over 1,000 145,635 miss miss
(tons)
Plan of new  Jo any new pla| 1,000,000 6 It is not yet none 30,000 It is not yet|It is not yet
Odlsposal any plan any plan any plan
site(m2)
start year no 2008 2007 None 2010 No No
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8.1

8 9 10 11 11 12 13 14 15
Bunthea Mean |Svay Rieng Sihanouk Battambang Battambang |Takoe Kampot Kep town Kampongchnang
Chhey Ville
Provincial Provincial Department of|Provincial Department of|Provincial Provincial Municipality |Provincial
Department of|Minicipality [environment |municipality |environment |municipality |department of|department of|department of
Environment environment [environment |environment
Put Chhub Chan Savan Hem Saroen Ouk Vong Chhub Sarun [Yos Nachhom [Long Sreng Chhub Kao Ouk Socheat

012 839 176 | 012 701 792 | 016 854 180 [ 012 936 727 | 012 550 061 [ 012 508 549 | 012 862 946 | 012 993 490 | 026 988 686
72,550 22,452 55, 440 135,478 135 478 38,000 27,552 41,200 50,000
Phnom Tob | At the edge Sangkat Ondong Chegn | No available Preyleu Takes air Chamka 3 Svaychrom

of Osmach Betrang Village port
25,000 5,000 80,000 20,000 10,000 10,000 9,600 40,000 10,000
0 20,000 0 15,000 15,000 0 0 0 20,000
25,000 25,000 Over 80,000 35,000 35,000 10,000 9,600 40,000 30,000
3 18 5 13 13 4 4 15 10
6 miss 98 35 35 miss 18 miss 1,5
miss 7 55 miss miss 1,5 9 8 0.1
Do not know None 3.800.000 20,000 2,000 No available 2,500 miss miss
available
Do not know miss 2.300,000 miss miss No available 1,200 1,600 100,000
It is not yet|10,000-20,000] No plan yet 20,000 20,000 20,000 No plan yet 40,000 20,000
any plan
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8.1

16 17 18 19 20 21 22 23
Kratie Koh Kong Preah Vihear [Prey Veng Kampong Cham [Pai Len town |Odor Mean Kam Pong
Chey Speau
Kratie Koh Kong Preah Vihear [Prey Veng Provincial Department of{Provincial Provincial
provincial provincial provincial provincial municipality [environment |municipality [Municipality
municipality |department of|municipality |municipality of Pai Len
Yin Khem Sao Semthorn |Song Bun Khem Youn Ban Bunthean [Ly Soun Oeung|Thach Tharath|Klaing Chhuch
Leang
011 732 132 | 011 886 320 | 012 959 352 | 012 921 217 | 016 832 480 | 016 552 244 | 011 720 057 | 012 808 589
276,000 30,059 10,000 56,132 48,761 47,305 May be 12,400 665,505
Kla Stus, Srok Smach [Mountain area| Baray and Wat Tmey Dei Kraham | Au Kravann Sbar Morn
Kapovillage | Mean Chey Presh Stach
600 70,000 1444 60,000 4,000 1,500 Do not know 10,000
3,000 0 0 0 6,000 23,500 Do not know 20,000
5,000 70,000 1444 60,000 10,000 25,000 Provincial 30,000
municipality
5 3 2003 10 6 3 2 20
miss miss miss miss miss 3 3 0
2 No plan to 2 5 9,5 3 miss 3
study
miss No plan to 27,436 miss Frequence 12,500 NO 30,000
study disposal and
hiirninn
3,000 No plan to miss 60 420 12,500 NO 0
study
20,000 No plan to 1444 50,000 6,000 50,000 Provincial 10,000
study municipality
does nnt
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PDD

D.1.

UNFCCC

There is no methodology choice available in the UNFCCC website yet, but this project requires only a

straight forward monitoring methodology.

LFG

The following name is suggested for the monitoring approach used here:

“Direct monitoring and calculation of ERs in landfill gas flaring projects”

D.2.

For a landfill methane gas capture project such as this one it is most appropriate to accurately measure
the methane combusted in flares.

LFG

Characteristic for LFG collection projects of the kind described above is that the emissions not released
to the atmosphere can directly be monitored. The emissions reductions achieved by the project do not
have to be derived from a comparison between baseline and project emissions, because every ton of

methane collected and destroyed equals one ton of methane not released to the atmosphere and thus one

1



ton of methane emissions reduced. In other words, a monitoring and ER calculation method can be used

that does not rely on information about baseline emissions, i.e. the quantity of emissions in the baseline

scenario can remain unknown. This is convenient, since the monitoring of baseline emissions from

landfills is also unpractical except on a sample basis. The proposed monitoring and ER calculation

method can also be expected to be more accurate than an attempt to derive ERs as the difference

between monitored or estimated baseline and project emissions.

This monitoring plan sets out a number of monitoring tasks in order to ensure that all aspects of

projected GHG emission reductions for this project are controlled and reported. This requires an

ongoing monitoring of the project to ensure performance according to its design and that claimed CERs

are actually achieved.

D.3.

Not applicable, because the project directly monitors and calculates ERs. The following data will be

collected.

Flow of | M3 Continuous | 100% Electronic years and | Data will be
landfill (spreadsheet) duration of | aggregated
gas to the project | monthly
flares crediting and yearly
period in
files
2
2 Flare % M&C Annual Once per | Electronic 2 years and | Data will be
efficienc determinati | year or | (spreadsheet) | duration of the | used to test
y on of flare | more project crediting | and, if
efficiency | frequent period in files necessary,
depending correct the
on flares’
observed efficiency
deviation ratings




from

previous
rating
1
3 Methane | % M&C Continuous | 100% Electronic 2 years and | Data will be
fraction (spreadsheet) | duration of the | aggregated
in LFG project crediting | monthly
period in files and yearly.
D.4.
LFG GHG

Only the construction of the LFG collection system will lead to some GHG emissions that would not

have occurred in the absence of the project. These emissions are, however, insignificant. No increase in

emissions is discernible other than those targeted and directly monitored by the project. Moreover,

because the project employs directly monitoring of ERs, indirect emissions will not distort their

calculation.

D.5.

No applicable, because the project directly monitors and calculates ERs. The data above will be

collected.

D.6.

The quality assurance practices that will be implemented in the context of this project are as follows:

LFG

LFG




Daily Monitoring Records: Site staff makes a daily visit to the gas field to check the situation of LFG
collection and flares. This gas field inspection will observe occurrence of any unintended releases of
landfill gas. In case unintended releases are observed, appropriate corrective action will be taken

immediately.

LFG

Gas Field Monitoring Records: Taken on a weekly basis. The Site Technician walks the gas field
taking readings at each gas well and recording these on a form, which is then brought back to head
office. These readings are checked for any anomalies before being filed for future reference. A gas
analyzer will be installed in order to enable accurate measurement of the methane content on the landfill

gas.

Routine Reminders for Site Technicians: All Site Technicians are issued with a reminder list to guide
them through their daily, weekly and monthly routine. The Engineering Manager, Operations Manager
and Training & Safety Coordinator go through this routine during site visits to ensure all aspects of the
role are being performed. In addition paperwork due at head office is checked to ensure data have been

filed. This includes monitoring records and meter readings.

Site Audits: The chief of Climate Change Office, Ministry of Environment, the Engineering Manager,
Operations Manager and Training & Safety Coordinator make regular site visits. In addition to ensuring

the site routines are being performed an audit is taken of any outstanding task on site.

Outstanding Works Notice: Following the Site Audit a ‘Outstanding Works Notice’ is issued to the
Site Technician listing all the jobs that the management team consider necessary to be undertaken. This

is checked on subsequent site audits to ensure these jobs have been carried out.



Calibration of measurement equipment: Calibration of measurement equipment will be done monthly

in accordance with the requirements of the national regulation.

Corrective Actions: The quality assurance measures include procedures to handle and correct
non-conformities in the implementation of the project or this monitoring plan. In case such
non-conformities are observed:
An analysis of the non-conformity and its causes will be carried out immediately by Director of the
project.
The Director will make a decision on appropriate corrective actions to eliminate the non-conformity
and its causes

Corrective actions are implemented and reported back to the Director.

In addition to the quality assurance measures described above, Director of the project will prepare an
Operational Manual. The Operational Manual will include procedures for training, capacity building,

proper handling of equipment, emergency plans and work security.

The project owner will also ensure that staff will receive appropriate training on the implementation of

this monitoring plan and of the project.



The table below summarized the quality control and quality assurance procedures suggested

implemented in the context of the project.

Flow meters will be subject to a regular maintenance and testing
regime to ensure accuracy

D3-2 Low Yes Regular maintenance will ensure optimal operation of flares.
Flare efficiency will be calibrated annually or more often, if
significant deviation from previous efficiency rating is observed.

D3-3 Low Yes Gas analyzer will be subject to a regular maintenance and testing
regime to ensure accuracy

D.7. /

3 25 5
8
03 5638 7161
FAX 03 5638 7164

www. jwrf.or.jp




B.1.

B.2.

B.3.

B.4.

B.5.



Date:
Place:

Participant:

1. The technology of CDM project will be transferred to two members in DPWT.

Minutes of Meeting
18 December 2003/12/18
Office Room of Director
Mr. NHEM SARAN, Director of DPWT
Mr. MOEUNG SOPAN, Deputy Manager
Mr. HENG LAY ORN, Governor of PPWM
Mr. Junji ANAI, Team Leader of JICA Study Team

Mr. Shinya KAWADA, member of CDM F/S Study Team

Mr. Heak PRING, Interpreter

Mr. TEP Sambath
Mr. KHEM Sandap
2. They will continue to collect landfill gas and measure concentration of methane in landfill gas from

23rd January to the end of February and keep facility and equipment for gas capture safely.

Training for capture of landfill gas is carried out at certain time.

3. Participants to the seminar were decided as follows..

pzd
(@)

Organization

Participant

Ministry of Environment

4

Department of Environment

Ministry of Health

Department of Health

Department of Industry

Municipality of Phnom Penh (MPP)

Department of Public Work and Transport (DPWT)

O INIO |01~ W N

Phnom Penh Waste Management (PPWM)

©

KHAN

'_\
©

Royal University of Phnom Penh

QN BB IWININININ

[EEN
[N

NGO

H
N

Japanese participants including lecturers

Total

Opening Address is conducted by Mr. NHEM SARAN, Director of DPWT.

Closing Address is conducted by Mr. CHEV Kim Heng, Vice Governor of Phnom Penh

Municipality. .

CDM Team prepares a request letter for the company of Vice Governor of MPP to the seminar and

submits it to Mr. NAK Tanavuth, Director of International Relations Department next week.




Guideline for Landfill Gas Monitoring

At Stung Mean Chey Disposal Site

December 2003

Feasibility Study Team of Clean Development Mechanism

Japan Waste Research Foundation



Manual for Landfill Gas Monitoring

< Items to be confirmed before leaving the office for the site >
Do you have necessary equipment?
Do you have a long boot?
Recording sheet?
Ball-point Pen?
Plastic Bag for landfill gas sampling?
Spanner?
Mask?
Did you check batteries of all equipment?
Lighter for combustion?
Astep or chair?
Plastic tape?

A cutter?

<Measurement of CO and H,S by using the equipment XA-

Push the button of on/off one time
Mark of “---“ appears. Wait until the mark changes into “ 0 “ or “ 0.0 ”, while calibration is
carried out automatically. If possible, keep the equipment in the position of upstream of wind to
get fresh air.
After the marks of “CO, 0 *“and “H,S, 0.0 “ appear Push the button of on/off one time
again
The mark of “peak” appears.
Grasp the string of equipment and insert the equipment into the ventilation pipe slowly.
Keep it in the pipe more than 20 seconds for measurement.
But do not mind it.
After 20 seconds, pull up the equipment slowly and determine the concentration. CO is shown
by integral number and H,S is shown by the first decimal place one after the other.
“ OL “ means “Over Level” and shows that concentration exceeds the limit of measurement.
Therefore, record “ more than 30 ppm “ when H,S shows OL, and record “ more than
300 ppm “ in case of CO.

In case of NO.1 and NO.2, equipment cannot be inserted in the ventilation pipe because
the end of pipe is closed. In case of NO.1, you can use a pet bottle and in case of NO.2 plastic

bag can be used. Take care that air cannot enter the plastic bag.
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NO.1

NO.2

|
¥
B_—

After finishing measurement, push the button of on/off for a several seconds. The switch is
off with the sound  * pi, pi, piiiiiiiii “

Compare today’s concentration with the previous one. If the result is unusual, measure it
once again

The marks == == == show the consumption of electricity in battery. Change the
battery when the number of these marks decrease. Hexagonal spanner can be used to open the
battery box. Be careful not to lose the small tool, a hexagonal spanner.

Sometimes lift the flexible hose connected to the ventilation pipe and make the water in
the hose go into the gas header and then open the drain valve put under the gas header for a few

minute. Water comes out.

<Measurement of temperature by using the equipment V-01-AN IV D
First of all, Confirm that the gas from ventilation pipe is not burning. If it is burning, start the
measurement after putting out the fire. Never open the hole for measurement while burning.
Connect the attachment of tool for temperature to “S-110 0185 TEMP”
Push the button of “ TEMP” at“MODE SELECT".
If you have another thermometer, you can carry out calibration. You can adjust the indicator by
the button of “ ADJ”

There are two holes on the side of ventilation pipe. Take off a smaller cap and insert the

11



equipment after putting off the cap from the end of the equipment. Determine the temperature
after the indicator is stable. Take care that air cannot go into the pipe through the small space
between the equipment and hole.

Push the button of *“OFF * to switch off.

<Measurement of velocity by using the equipment V-01-AN IV D

Push the button of “VELO /s*at MODE SELECT.

You can carry out calibration with the cap put on the end of the equipment. Zero

point adjustment can be done by the button of * ADJ“*

In case of pipe with diameter 20cm, measurement of velocity should be conducted at two points
shown in the picture on the recording sheet. After that, open the other bigger cap and measure
velocity at two points. Average velocity can be calculated by four data. Since velocity at the central
point of the pipe is highest, take care that you do not measure it and not overestimate the volume of
landfill gas.

Push the button of “OFF” to switch off.

In case of NO.1 pipe, velocity is measured one time at the central point of the pipe because
diameter of the pipe is only 4cm and small.

In case of NO.2 pipe, velocity is measured one time at the central point of the pipe by inserting

the hole on flexible hose because diameter of the hose is only 8cm..

NO.1

NO.2

<Measurement of humidity by using the equipment V-01-AN IV D
Connect attachment at PROBE “R.H”
Push the button of “R.H %” at MODE ELECT.
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Insert the end of equipment into bigger hole on the side of the ventilation pipe.

Determine the value.

Push the button of “OFF” to switch off.

After finishing measurement, caps on the side of the ventilation pipe should be closed tight to
prevent from being stolen.

Regarding NO. and NO.2 ventilation pipe, it can be measured in the same as the case of CO
and H,S.

<Measurement of methane by using the equipment XP-314>
Set the dial at “BATT.” And confirm that the indicator comes to the right side of center of blue
line.
Set the dial at “L”. “L” means Low.
Carry out calibration by the dial “ZERO ADJ”
Set the dial at “H”. “H” means High.
Insert the end of equipment into a smaller hole for monitoring and determine the concentration
of Methane after the indicator is stable. Take care that air cannot go into the pipe through the
small space between the equipment and hole.
When it is dark and hard to read the indicator, push the button of “METER LIGHT” to
light up.
After measuring, keep the equipment operating until the indicator comes near to zero point by
drawing fresh air and then set the dial at “OFF”.
When the concentration of methane gas is thin, you can determine easily the value by setting
the dial at “L”.

When the battery is not enough to measure gas concentration, you should change it to new one.

< Items to be done after measuring >
Calculate average velocity of landfill gas.
Calculate volume of landfill gas.

Calculate amount of methane gas generated from the ventilation pipes.
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22 January 2004

Proposal for Charcoal Production at Stung Mean Chey
Feasibility Study Team of CDM at Stung Mean Chey
Team member

Shinya Kawada
A. How to produce charcoal by the existing oil dram kiln

Set the oil dram stable.

Lay bricks. Since the objective of laying bricks is to prevent the heat from escaping outside, lay the
bricks no space between them. A small hole is necessary to get air for combustion.
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After building of bricks, insert material of charcoal into oil dram. A step or a chair is available to do
SO.

After filling with material of charcoal, cover the hole on the top with iron plate and insert a
thermometer into a small hole on the iron plate. The thermometer should be supported by a brick
10cm above the top of the oil dram to avoid over-heating. There are two small lids on the oil dram. If
they are made of aluminum, they would be melt and air could come easily into the dram. Therefore,

filling cans with sand, cover two holes with them.
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Set other dram frame on the oil dram and fill it with sand to prevent air from going into the dram.

Open the gas valve and ignite the landfill gas by using paper through air hole on the side of brick
wall.

Continue to burn the landfill gas until temperature reaches 350 and close the valve half.
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Continue burning until white smoke disappears. It may be 3-5hours. After white smoke disappears,
open the valve completely.

Again smoke comes out of the dram. Continue burning until the smoke disappears. It may
be 4-6 hours. After smoke disappears, close the valve to extinguish fire. Keep the dram cooling for a

day and take the dram outside of the brick wall. Take out charcoal from the dram.

16



In case of no thermometer, just after ignition, close the valve to half position and continue
burning until white smoke appears and disappears. It may be 4-6 hours. After white smoke
disappears, open the valve fully and continue burning until smoke appears and disappears. It may be
4-6 hours. After smoke disappears, stop the burning completely.

Charcoal can be made of wood, bamboo, coconut shell, sugarcane ( cover and/or core),
branch of coconut. If you cannot use it as charcoal, grind it into powder and produce briquette by

mixing with clay, cassava flour, resin and water.
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B. How to produce a lot of charcoal

You should construct 2 kilns for each ventilation pipes, totally 12 kilns.
1. Construction materials are as follows.
Bricks
Oil dram
bended steel pipe
80mm flexible hose

attachment of hose

valve |:

s
e

2. Construction Cost

Approximately 600 US$ per one kiln

3. How to manage

Every day charcoal can be produced from 6 oil drams if you use one dram of each pipe one day and other dram
next day. In case that you procure good wood, you could get high quality charcoal and sell at a high price.
However, when you use coconut shell and sugarcane, you had to grind them into powder and produce briquette.
You may be able to order briquette production to NGO, Cambodia Fuel-wood Saving Project by providing

charcoal of coconut and sugarcane.

Materials for charcoal production are as follows. Some of them can be obtained free of charge at the SMC
disposal site.
Wood
Bamboo
Cover of sugarcane
Core of sugarcane
Core of coconut
Cover of coconut
Tree of coconut
Branch of coconut
Core of corn
Tree of cassava
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