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3.3 AFEEOBEAT - KB OKE
AFEXICHETIBEROB;MICMA T, FEICET DM - #idhic
I oFREDOTD, TRBNEE~0e T V7 &% L7,

3.3.1 Ministry of Energy, Energy Policy & Planning Office
(EPPO)
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AFTT, TR AF—HREHEEZHAYLY L THWIHEETHL, BT
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71,
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MBI O 72D, HIGHENIZB T 5 CNG il #& L6 s 2 % im 5 5
L OFE A AT,

3.3.2 Department of Energy Development and Efficiency (DEDE)
THxAL¥—% (DOE) O FT, TR LE—OHRIL LT FAX
—IZETDHM, =2 X —FIR O E, = R F — ik O EL &
AE LT, RBEZRX VL —D0ERICHET I HINBEZITHOERBETH
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E7 V7 TiE, 2016 FRICENE L7 CBG O MiBicB LT, 4
“ofkfTREESE 2 7Y 7 Lz, DEDE 2B\ Tlid, AEDP TR
Sz CBG A FE® O ZERIZ AT T, CBG & fifi ffi B 72 & % F2hi, fih )7 |
B & L TH CBGREBIZO D HHRINEDEETH Y . 2016 41
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3.3.3 Department of Energy Business (DOEB)

THA AL F—24 (DOE) T T, =x v F—FEZHETHHIZON
THROHOMBETH DL, "M AN AEEEITHIICHEHERETOH
HlaERELTND,

ET7 VT EBLT, "M AT ARKREREICBTLZEHmNDL DR
HIZFEET L2000, HNEHEIFERAFERE BT V)T 4 W7
YA 73T & L,

3.3.4 Thailand Greenhouse Gas Management Organization (TGO)

RAEZEB S RIS T 2 EHT 28 MR TH Y  JCM ik
B2 ABFMUOFEGRIEEZM S, XA T TZADOHEHNFHFEFED
CDM ~O 3T EELNH DI LDODO, JCM ETIEXEER0WEDNHZ

51,

3.3.5 National Innovation Agency (NIA)
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NEDO & ® 72 ) LM RICHIFIT R W2, TFEIX EV, ToT 122
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3.4.3 #M B R v — i E) A

3.4.3.1 CWa)
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3.4.3.2 B

2 A EETITWHE - &K - K - KRBT - N— A WFEOEREE TP
DICHAEFREZR L —OBFHANELTHD, ZhboEEIZE N
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LZBHEEMPIERAIETCH LT THY, ZNUOLREEDND AL I~ AR
IR DN A AT AL LTHEHASATWD, ¥ A BUFIE 2036 4 %
TICBHMICE D 2 HAEFNEZ XLV —0FE &% 36.67%F THl & |k
F 5 EREZ Y T TWD A, BAEZERICH T T Bz CTRENG
VAT ARKBGBEAMHOIRIZE TEANLTWNS L LTS,

& 156 FEXOER
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T 24 EFE RE= 2 VX —B% - 2h3%{t/m [Alternative Energy
Development Plan 2015 |

3.4.3.3 RE

GBI ER T D AR EOPEH BT E LI L TV D, sl ILPE ¥
LW VPZRX AV F—HBEOF TR TRERFGEZHEDTWVDL Z &
O, BBtoBaREFER L - KRBEDPBEICEZDIEELRETVWEE X
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-26-




S, BRI O@EY . ¥ A EEOREKHT A IMEBICH > TEBY .,
A~DKGFEENEE>TVDHZENEH, CNG HEHEOREHIERE
WIZPE S it ER VU 227 22 TWDZ LR, 5% 0% RyLKITmT
TOREICRDEB2OLND,

K& 16 REHEDO _MRIRFEHE

70
T&GO_
pi]
M 50 -
>
pe 40 7
=N
£ 30 -
—
]
77 20 A
N
b
< 10 A
0
SO 4 & M F 0 © - 0 O O 4 NN N F o © - 0 " O - N
D DD DD DD DYDY OO O O O O o o o O = = = -
DA A DA DA DA DAY YOO O O O O O O O O O o o 9o 9
— o~ A A A A 4 < 4 = & &N & &N &N &N &N &N &N N NN NN NN

H Fr - OECD iLibrary

KE 17 H£EI7 -0 X AVX—HEHES (2014 £ Q1)

B¥s52%

3%3# 35.4%

EEX37.1%

EE7.2%

REE 15.1%

XL, Bt BRET
Mpr: 2 4 EE RE= 2L X =% -2 {)5 Energy in Thailand Q1/2014

-27-



K% 18 RBEABB _BILRFHRHEOH S

100%

90%

80%

70%

60%

50% KRN A
40% EEER(i
30%

20%

10%

0%

S = AN M F 10 O~ VHXOO T NN H WO OO = N N <
SEEE3ESEEERCRSRRRS5S8RR88
H Fr : OECD iLibrary
MK 19 RRATABEEEOARINEE

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%
0%

O = AN N F 10 O -~ 0 OO O = N MO I 0 © -~ 0 OO O = N N I 0

S O O O O O Oy Oy O O O O O O oo oo oo o o O 4 H A —=H —H -

S O O O O O O O O OO0 © © © O O O O O o oo oo o o o o o

N o o o H H = = = = AN AN AN AN NN N NN NN ANANAN
mES) mpE¥E e GAGEETT 2~ mCBGHE)HE

AT : 24 E£EH =32 V¥ —BOREBFHF (EPPO) #at7 —# X—2

-28-
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3.5.

T RV X — BHEE &K OVECR

1 Alternative Energy Development Plan
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3.5.1.2 P A Al R = 1% L ¥ — 38 A H AT

Alternative Energy Development Plan (f4#: = x /L % — Bf 3¢ & 1,
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2

FRBAEFMRT XL —0E RN L 2036 FEAFFEEZ TLICTT,
FEEFMIZ O W TITBAERRBEAK DS TRHEDBEARED L VA
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X% 21 AEDP(Alternative Energy Development Plan)

Department of Alternative

Energy Davelopment and Efficiency
) MINISTRY OF ENERGY

Facilitator:
Private-led
investment

Bio-Energy

Hydro

‘ - -g Thai-GUma"T L .

Hr : 24 E£FE RE= 2 LXF—B% - 2% {t/H [Solar Power Policy: Status

Update 2016

The Alternative Energy Development Plan (AEDP 2015)
Strategy: Alternative Energy (f:cilitator :t
Development Plan 2015-2036 NErRmery
funded R&D

Goal: Target 30% renewables in Total Energy Consumption by 2036

3,282 .4 MW 10 ktoe

14.53 ML/

Day
11.3 ML/Day (Biodiesel 14 ML/ 4,810 TPD

Day, Pyrolysis 0.53
ML/Day)

New-Energy

Confi :Ph ic and Grid
May 23, 2016, Bangkok, Thailand 6
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3.5.1.3 B A AT RE o= R L S — K K B 5K
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EHRMLTOIIXEENEAIN TN D,

Z0H5H, FIZCBG LRI IERIAASA AT AZHND Z L6
CBG ~DOHiA LR VGEDNA AT AREIC S BT 25 E E il # B B
filfE & CBG Ol 2 FRTEHAS L,

M% 256 A EFEOHATRES X LF—FER

[ E il B = e B2 (EPPO)
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B EE N OEVEY 247 5 il 28 A,
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ESCO 7 7 » K (DEDE)
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gHEZA= (BOI)

i ABABLEERR . AR A ALF—RELHEH T
FEEITH D IE AR 2 &R 8 M HEER

#i8h4 (EPPO/DEDE)

FRAE AT HE = KL & — SR~ O & HAl B &

i ezt (DEDE)
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3.5.2 [H 7E fili # B i B2 (FIT) o> 4 22

3.5.2.1 fit >k o> & 7E Affi 4% B MU B2 (~2015 42 R3Z)

2 A4 EEIX 2007 FFi2fti > ASEAN 58 E BT THARME= X v
X — o~ o [ E A B B S &2 8N L f, R I @A Adder & MEIZH,
RMFELICLIFANEC AN —REENZEESBENFELS
M—EDTVIT hzMAlfitt TRWEIRDHEE LTHB ST,
TUIT LADOEE FRIZAT 2007 FIC KGR L TR S @R
L' X7 4 8.0THB/kWh % &% & L THA4A S 4172 Adder 1%, 2009 412/
BN T~ 2AFEDOT VL IT L&5l & BT 5B CWIT SN, BEEMm
s BB B EANRT O 20054 L 2014 4F O A EED R LV X —E A B &
g oL RGEEN—AT 20, FEEN—AT2{FRLE R -
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IMW o i 3.13 2.21 5.34 0.50
NA T
1-3MW 2.61 2.21 4.82 0.40 0.50
~ A
3MW 0L | 2.39 1.85 4.24 0.30
INA F T A (FEi) 3.76 - 3.76 20
0.50
INAFH A () 2.79 2.55 5.34
K1) 4.90 - 4.90
J& ) 6.06 - 6.06

Hr . 24 FEH RE=ZX VX —B% - 21%{/m TAEDP2015-2036 'L B > 7
— Y a V&R

-39-




K& 30 KEEEHEEDR B (BEA : THB/kWh)

FIT (& FIT(Z FIT (/) o o
5 AR AN T
&) ) ) b h
A H Y — T — (90MW
5.66 5.66
)
FRE (10kW i) 6.85 6.85
0.50 25 4
PH ¥ (10-250kW) 6.40 6.40
P2 (250-1,000kW) 6.01 6.01
ANk MW k) | 5.66 5.66

Hpr : 24 FEH B VX —B¥ - 2%/ TAEDP2015-2036 7L B 7

— 3 a V&R
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3.5.3 A X B xmBhdlEOME - i@ L
A EFHIZBITHIEZRXANX — - BAERBEZ XL X —|ZH#EST S5 E

73 A B il B

BERR

U TFTD 3> THD, £7-. 2016 £ DEDE XL » CBG
W5t 2R HEE I NN, MEEIEAREZHTH 5,

@ H-x/NX¥—7nmr 7 AL(ENECON Program)

>

1992 FIZHllE & 417z Energy Conservation Program Act,
1992) ICE-> T, B XEBLOH - HAEARET R LF—0
BAbHEZA TS, Ao x - BARRET R LF—EHA
TuYz7 MEEOTZOOMBEELE LT AT xL¥—
HE# 3 4 (Energy Conservation Promotion Fund :

ENECON Fund) | 7% 1995 FIC@& T b, AR L X —7
7 77 A (ENECON Program) & L TARBINFEITIND,

® ESCO %4 (Energy Conservation Promotion Fund)

>

ESCO A&, REMMAEUOEERICL DFEKRE T 1 s
FHELT, T2 LX—0HKH K OMELE 4 (Energy
Conservation Promotion Fund, ENCON Fund) | ® FIZ
2008 FIZHE M ENT, R L OLEREIT 1,500 K
FLThy, REAICIE 1 E~2 X FAVBREIZIERT S
RIET®H 5,

® [nl#54(Revolving Fund)

>

BUMIE. Adder & AT LT A& 5RO 55 4l Bh i 3R 2 i L
TWb, TR NFX—lEdR e LcEEBEESITZED—D
Tho, BUFEE@MEMEOWHm LY, =X VF—gh%
DHHFEXLHAETET XL —DOREFICHT IRMEED
lREZ AL LTS,
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® CBG # fifi fif Bh
> DEDE 7% CBG ®i&E% i ~DO M4 L L T 2016 FI2HE,
AEDP2015 /R S L7z AR T T A% & b Al 2 E i L .
BAZREL TWSRAATHDL OO, EOREICET
HEDREOCHBENEGH N, BUFEEE L THHE > T
LEMTHY . ABROMHAREEIIAEN TH D, °

3 DEDEM@EZE~0HMie 7V 7
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3.6

: ~ o —CO2/4F)

iz
=

IRER R AP & (f

GHG i &) 7

3.6.1GHG #F &

A EEHICKT D ZBAERAFHEBITEAHEML TWD, 2013 4
O AL RF I E T 2.5 (f§ t-CO/4) TH Y, 1990 4F & i L T
30%H M L 7=,

M# 31 ZAEEICKIT L2 _MIERFHHEOHR

3.0

2.5

2.0

1.5

1.0

0.5

0.0
O AN FIOI-DNOH NN FIOWOE0DO — M
DO NP NOODOO0DDOO0DD =
AN NOSOSS OSSOSO
HA A A A AT A AT NNNNANNANTANA N

IEA (International Energy Agency, [E = /L ¥ —#E8) , CO2 Emissions
from Fuel Combustion 2015 (BAEHABEIZ L 5 CO2HEH) 7 —# X— 2 & K

H A & AT 1 5
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TRIZIET—AbTY _BibRFHHEOHBEZ R LTz, REHE &
FIAEIZ 1990 4E 5 2013 2T THFFICHE ML TWwWbd Z Enb £
HEAKEOM Ll Z2E I, “BERBHEHEIZIEML TWD,

X% 32 —Adb72) _BItRIBEHEOHR

~
o

w
ot

&
o

N
fo}

— ANH72 0 CO28EHE (h-CO2/N)
[\
o

1.5

1.0

0.5

0.0
O AN IFID O VDO NN FIDOENDNO — N ™
TN DD DIPRS00 o
DD DDIDNOODOOSSSSSDO000O0
oA A A A A T A A A AN AN NN ANANANANANANANANAN

T IRE# R AT X . IEA (International Energy Agency, [EFf= /L ¥ —§
R9) , CO2 Emissions from Fuel Combustion 2015 (#REHEEEIC L 5 CO2 HEH)
F— X% X —A_, AN : International Monetary Fund ([EE @& 4) , World
Economic Outlook Database (H:AR#EEMIL) 7 — ¥ N — 2 & 2 H AR AE
04

—J . 4B GDP Hv o LR FHRHBEOHEB Z AL &, 2001 F0
138.83 (kg-CO2/ Kk F/v) ZE—Z7IZRA L TWVD,
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X% 33 4% H GDP H7V D _BRILRIRIEHEDHR

14 133

”

X 12

N

o

Q

w10

)

= 8

.Lu_/\

PN

o’\

') 6

S

o

s 4

Ay

8

m 2

0

O AN N IFOO OV HANNIFIO O~V —HANM
[ererNerNerNerNerNerNeorNerNeo) NoNoNolNoNoloNoNolNoNall B o BB
[ererNerNerNerNerNerNerNoriorNen e Nen e Nesleo NenNes e e i e N e N e M an)
A A A A A A A A A NN AN AN AN ANANANANANANANANAN

AT - IR=E 2 A . IEA (International Energy Agency, [EFE= % /L ¥ —F

R9) , CO2 Emissions from Fuel Combustion 2015 (BREHEEEIC L 5 CO2 HEH)
T — X4 X—RZ, 4 H GDP : International Monetary Fund ([EHEEHE&EL4E) |,
World Economic Outlook Database (HtFRRHEMIL) 7 — &2 X — X & HKIZH K
AT A B
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3.6.2 KIWHE LR (INDC)

20154 10 A 1 HIZHKHE R % UNFCCC IZ#H L TH v .GHG #E
HEOHIE B 2%, 2005 45T 2030 A2 H £55 71T BAU kb 20%Hl
W, EBEEDIEHOEEICIE 26%HI EFEL TWD, tH T A,
COz+ CHs* N2O - HFCs - PFCs + SFse T 5,

X AEFITEBEESHOEMK E L TCHE AP =X L (Market-Based
Mechanisms) D& E O BHE AR L TRV . HA & KT O
JCM(Joint Crediting Mechanisms) Z #]% & L7 [EHEEH 72 A 1 = X A
CENOMBD A =R L EHEL TWD,

KRERZZZAENOROEZRFELIAIE T 7 v R BELE ~
AL —=TZ7 o LHEIL TS,

® National Economic and Social Development Plants

® C(Climate Change Master Plan B.E.2558-2593 (2015-2050)

® Power Development Plan B.E.2558-2579 (2015-2036)

® Thailand Smart Grid Development Master Plan B.E. 2558-2579
(2015-2036)

® Alternative Energy Development Plan B.E. 2558-2579
(2013-2030)

® KEnvironmentally Sustainable Transport System Plan B.E.
2556-2573 (2013-2030)

® National Industrial Development Master Plan B.E. 2555-2574
(2012-2031)

® Waste Management Roadmap
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3.6.3 National Master Plan on Climate Change 2013- 2050

National Master Plan on Climate Change 2013- 2050 /X, fF#c nJ
REZREHBAEORBICH LN 6, KA ~OXIE & IKRFARE &
HHICHIES N~ AZ =TT Thd, EHMRBEICKIST 55
B Td D KL E) O SR B L RRFNR B L 2 IS s D AT
RARE IO ZEE LT D, Bl R REMAZBREO R —F
v~y T EREL, BRFEREORLAZERE LTS,

X#E 34 BBROLFH &

1 iR 5y B i AR o B A W /Y 73 BRI
K 5 B i T —XH#~X—2A_ R&D,
R - BRREGRE A2 1 B fy B €
Bl A BOR F B o il E
N R A PE 3 W, XYy v T
KRG E B BE FE W) i B A ENT 4T
EE. ANE oL afRE | 2 = BE 1 ) oo 1A

R

H i A

HAT: 4 FE - RARBR - BEE 7L &E Thailand’s Climate Change
Policies (http://www-gio.nies.go.jp/wgia/wgl2/pdf/0 3 ONEP N.pdf)].
AARBREYS 24 FEEH XELAEBCRE. (20154 12 H 24 H) )

M 356 MH - FH - RHWREE

T % R % i R

B REMHES | ENO NAMA, MRV 27
EREVIAATE —BR R RBEEE | L 0B

VA7 <y 7 OERK KA ERESE D
AL B E LR O | DO - EHEOKA
W~ vy 7 n =7 K% |GHGA X MU VAT A

Mo O =
(2016)
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http://www-gio.nies.go.jp/wgia/wg12/pdf/0_3_ONEP_N.pdf

5,000rai LA EEK

1 7 R M3 O R 42 R SR AL
37l NN 3 B AR A T
HE 71 15 %% % B &

LA b AT A H
ERRAE? e s B
REEET — 4 X— AT R
7 Aol

] 52 M 25 ) Bk W o0 A R L 3
J& « KRN 7SR 5 4T B
8 O A B

BEMMICBW T RENR T
B, RWE®RS XT b EAEM,
4 oW e MBI 9 5 B AR
5 E B & E

AR BE & 40% 3 N

2020 4F £ TIZ GHG HEHH & %
# 7%~ 20%H 8 (NAMA)
BT X NX—HEIIBITD

B4
KEEBHORELEZITOT WIE

Wy B B A D

mHHE | XEEHICLsTRELZ T | BEARZT XL —DH S
(2020) JRAEWIS X9 2 PR PRI BE 2 552 | &2 25%IC N
SEEBMICLOIRENLOER | — AbVIZHT 5 HFbhm
Cxt T 2 EF WIS IS A =X | A 10 m I HEN
LD FRAL A~v— b7V vy Nl %xEH
AW 2 Rk VE Ok G L X D HE K AL, TR LX) %ML
THE U i1 X D PIE K NE R B ORI
TRE 1 A B i b oD K R AR B TRV X— (% BAU fE &
HARKEFEV R Zomnitikics | Vb 256%8 Lk
T5ERKE~OMLEE S OF | B kXD EoH
kWA 8| iz
(2030) TEM R GIE ~ O B EMFER O | BEFEITED O BB B

e R PE TR BE AR R
kO HIG Z H N

BUR . #07 B iR A7 TR
4 BA JE &1 1 A 4 N

HpT: 4 FEH - KRG -8REEE [ 7 L8 &% Thailand’s Climate Change

Policies (http://www-gio.nies.go.jp/wgia/wgl2/pdf/0_ 3 ONEP N.pdf)].

HARRES 24 EEH XEELBBUR.
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http://www-gio.nies.go.jp/wgia/wg12/pdf/0_3_ONEP_N.pdf

4.

FEEFRD BB
4.1 N—=A/F v v P NEFEOBE N
R O/ — A A PE R 2013 EEAK TH 6,000 1t ThDH, £D
I A EEOAEERITH 3.6% T, A PRI T, L= TITK
WTHRE SO NN — AMAEFEETH 5,

M& 36 FEMN N N—LEEEDT =T

aE e
1.9%
FAY=
VT s
2.8% 3.2%

ROW
9.0%

BRE LT /N—LHMIEH 97T% % 2 A EANTHE L, TD I BK 50%IE

5 ET T,

K A0%IEINA AT 4 — B\, FIHES L TWD,

I AAFEHCICBF AN AFEREIMNRSEOFEREOILKIC

J&C T, HER

LTETEBY, 2006FICIFKMTHIt T EZ A,

2012 FF T 11 HE W tICEL TW 5D,
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X% 37T A EEHICBI B N—2EERBOHD

5 BRI TR(Fha) meem b FRBIRER O] AER M ETR(Fha) —— 8 FFBEEE (TH)

12,000 1,000
/ [ o
10,000
- 800
- 700
8,000
\/ | 600
6,000 - 500
- 400
4,000 -
- 300
- 200
2,000 -
- 100
0 - o)

2006 2007 2008 2009 2010 2011 2012

HET 45 B & 25 B ARF R R
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HROX v v P ANAEFERED 2014 FEEFIIN2M/ET T Ht T, ¥4
EFEHEFFA V=2 TICROWTHARSE 2 o Fy vy B ANEERETH D,
AEPERY = 71X 1989 4E D 16% % B — 7 [ZHES TIX 11%01#% THER L
TWo, ¥y v I ANZFREREETLIMIHICIE, Fy 7 (BLOBF v 7
EBEM L L~y b)), Bk (BXOEHZMmLI L7 .
TH =R’ D, 2015 FFEDX A FEOAEFEY = T IXWEH 55% .
F v 7 40%,. = )= 5% THY BB EENBYEEE HDTWD,
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4.2 TEXAX—% 7 X —0DH N

42 1FE 7 X4 —DOHEIE
A EEOENE Y Z i3tk HEEHZHETH D EGAT %
cREE - NEEMEMRE LT EZbO0, BEAAHLICEY, XE
Mz OB REmSED S, MY REEFEES (IPP) O A
NRHOLINDL XDkl

i)

Pz

/- R LEZEY, FATFERIZBOTIE., BAEAATEZ XL —0O
HANEE SN TR Y, EEE B H E (Feed in Tariff) % i@ U 7=
HBTARE~ORBEARAOEADRED LN TWVD,

M*E 385 A EEICBIT2ENE #—DOHEE

| 28 > #E > | #AmEF > BE > ME > | BER O

EEEHSE (FELBL) EGAT
EGAT:50% } (KOZEZR)

IPP:41%

EGAT H MEA(E%IE) HETE
H PEA (315 56)

MNREFREEEE SPP,VSPP > IEEAmEERA > TEMH

ENEEA) 2%

HET - 450G B & 25 B AR R E R

4.2.1.1 EEER®
LELERE O EMITEEEIMEETH D EGAT 2 LD b

TW5, bo bt bITFEOHAEMREZ R AL —0O % LK 42@ L T, o
DEBEFAERPELTHNDEZELHD ., ZFHROBEMBAEEFEELEMD
BE=—XIZEBEVWSYWNWTELT, RMERHBFFICERZELTIND

EDOFEBFNRFEEL TN D,

A EEHICEBNTE, FITHEOHEAGH Y N—L4 « Fy v P AT
GInORET DNAFTTAZRBET DA T T AEBENED BN
TWLD2HOD, FFICHMHBICENTRELIEIH THDLZ &b, 5
BRTFAINRPoT L DFEH P A A —F — EPC FEE D [H
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YIRY 4Vl

REEIBONTE, XA AT AREEHREEGT 28N BT DN
AAHARKBEERY GO BKRICHLHN) Thor b, 25LEk
FZHERBCTCORMITEEMED LTORY T 4 T REHELRVE
LEEZLND,

4.2.2 RRHTA® 7 B —DHE

AR DY | 2 A EEICBIT DR ALEHE - ¥ - FREIMIC
Mz T, RB\HMTEZIHESI LTV D,

24 EEICEB T D NGV 0BT 42 7 &, CNG FIHEFTHUE 488 &
FIChHH., HRIZBITZ2NGVOEHMA T 3TE)LD L iR
B 10D NGV E KL E (BH~X—R) Lo TWn3%,

A EEHICB T LT ADHIRE - WAHIZOWTITEERETHD XA
At (LR, TPTTY) M AELTETEBY, £/, /hED HRM
HEZEOBADRRDODLNTWVWDE L OO, FEEMIZIE PTT O 5
Th D,

A7 73T EDOHEVIZSLUT, ERLTETEBY, W LETAH
LIVEEINDIHTARANLDO N, T T A4 Uk, 4= v~ —I[H
DEEEMRANA T T A4 28D H A A, PTT IZ X %5 Map Ta Phut
LNG = ANEH R #Efif ST\ b

., EWNICRBITDH AL 7T OBEIIRBETHY, Nvay
BN BNNTIEIITARNA, T4 OBENED LD — ., JLEH
W, PR ICEB W TIE, HARAL T T A4 U REEL RN,

THHHEICEBWNTIX, bo bt bt EET AN A L% (Mother
Station (UL F., TMSJ) kv, m—U—fGEklcky, ¥ A 47T 4
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VRFE LB WHIIRIC B I D5 A7 — 2 3 » (Daughter Station (L T,
DS]) ~#Ek=n 5,

ZHIIZEW, X AENICB TS CNG O B2 M iikic Lo k&
S HEIpoTWAB,
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4.2.3 BRBHIAE ~DO B, HER - s L

A A EEICB W T, #FEICE T 5 CNG IRFEIX, N a 2y Ei
HICR T DMk L0 SNl TOWRERRBRD LN T VD H OO, ik
BOLERICEDTITAAF Yy TR TF LR TNDZH MS 5 DS
EFTOWERL LMK ICEET2ETICEE-TELT, lREICE
STHELLZ2aAMNIEETAFEE THL PTITHARAELTND,

Bk 5BV, THO LA BmERIET DD, 2016 4 7 H &
DEEED T TA ATy vy 7OREMPERINTEBY ., 5% FEHIC
BT 5 CNG i IZEMPIC EHT 280 AIAEN D,

AFEEIBVTIE. A AT ALY B LA CBG % CNG e L
THRZET D22 o, A MEBEHIZIEK T 2 CNG it 1L CBG @ k5
iR ED LT CEECTHS, MLz, ¥4 EEHIZEW
TIHEMMICHBI MBI LS CNGiED EARRLNDL Z LD,
FHE~ODBWREIZR D EHHFTE D,
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5. FEMGI D HE S
5.1 A& & 25 FHEKH

KB A 2 1% 2018 4F 10 7 i OSAKA GAS(THAILAND) CO.,LTD. (2L
. TOGT)) &L, A4 EEHOEXHTH T Rx L —H%—E X
FELZREAL TVWD,E7.2016 8 9 HIZPTT Lo FEHEICLY |
PEXABE N T OREIRR T XL X —Y — 2 HELEZITH OGP
Energy Solutions Co.,LTD ## . L7, 29 LI KRH 2D % A4 EE
BT DFEELEBIIRKO —RE LT, KREEIIRKRTADBHERE LA
S PR D@ WAL FHZNEGRE N2 2 A EEOANA A~ AT
WWHEALTCBGZHEL,. £21a NGV 7 v 7 Rk E L TR

LZHbDTHD,

K7z MIOGT NHEFREF LRV AL A A TLENLR
Bre oA F~ AR EZEAL CBG #8iET 5, kgkLed
CBGHEHEIZ. "M A~V ALEHLWw A E 5L L, EPC FEH
EEOlEREay Y =T AEEET D,

M#* 39 MEIHh 5 EXMEH

JCMTOP o O EREES BEO YT A

|
| mmEPcEz=
Iy
I At
[ EPC g

! = (BEBERHRE)
! i 0&M |, W
o oGT £ ... NI
(. 5o _ = NAFIRATH
RO S | (2BEmARE)
i e , e U
I Ehex % AT
: KERAZ
: (FBEAMERS)

AT
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KT Vv MELRO T LN R O MRS TR O EE AT
FLRD I LM A A A T O G AR b 1l 8 5 A0 R A
L7,
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5.2 IRHIHEEIZ 31T D &I
5.2.1 NA A~ ALY
FTEAHEERTEKLIC, 60 FITDIEDINAFTHART v ¥ LD
bHrTHoOr 7Y A NEERLE,

ZOLETUREHE R OMGMEITE X LR T 20O EERER TH
L MR EE L ToORHEMEZM O ALD —>L L ThR¥ELEZH
fivtszelL T, v 7YX MExIZ, AT S OGT LBl D& 2
2 FEICAEESFE O M AKBE L., B RFORKVIALEZIToTe, F72.
FANCAT R Y 27 P~OBHLEH LY -2 b b WHBKRZRL TN
NAF v ATHIZEBWTORELGFBICIVENEZITo, ZO/ME., &
MEMEE 12HBE L, TONRIT, v v P ANLH5MHE, N—24 T
ek, =2 — VI 3, RAIH 14ETHD (LT, ZhbH0
THERHBLT I A~ ATHRE] L)),
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5.2.2 CBGHE R T v v /L
CBG OHMIZ AA A~ ZALTEHENTAHAL TWDHEE & TYIZH
AV L TCWr2EBEBER N vy 725 RE L, AW ERNNT v
BANA A ALTHFERLLOMEXAARFTAL TS Z EPHEMANT
LN, FEEHF~ABMEEBL2ZEL VDL Tr—2ALF26ND10,
oA FHmEsttb CBG R HED M TS &% 272, Thai Truck
Center DABEH L BEFHEL 7YV 7k NGV b7 v 7 % 50 &L

EmrEL TSk tha s fh@EE L, CBGAIHEDOmM & L,
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5.2.3 T ED#IZE 1T 5 CNG ffi #%

Z 4 EEICH T D CNG i 13 2017 4E 7 A 5 5 BRF I ks 2 K
SR A BNk ~EH S, KRV AMitkz2EA 16 BTk SH 5>
AT hERS>TWDS, £, MS kY 50km UL E#Efi 7= DS €Ik 2
EMFE LTRGBS & e v | HEOkEkE o ER2Y 1.84THB/kg Th -
7=b®H 4.0THB/kg £ THEMINT, HELLE 2 DOHMBIIEIT S
CNG flik% . MS Offits X v 1.4THB/kg . 4.0THB/kg O % & % N
BLT/NEfiks Th o 72, MS 206 O BEEE 13 W IE E CNG fili #5723 & < .
T4 —BAMlKICE D & CNGliIZLZELTNDZ ERnbrd,

% 40 THAEBIZBIT 5 CNG ik o#RL (2016 )

30

25

20

15

10

25.19

26.09

20.69
19.29

22.49 22.79 _ R
——> 1 —12 /L (Baht/L)

L i

\ CNG (Hhis A) (Baht/kg)

—a—CNG (HhifiB) (Baht/kg)

e —=—=CNG (MS)(Baht/kg)
13.5 135 1347 e 2.55
1335 1763 1255 12.53 12.38 1246 1327 751 g9

1A 28 3H 4H sH e6H 7H 8F 94H 10H 11H 127

HET © KRBT A AR
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5.3 Ea NE - fE R

5.3.1 NA F~ X T4 % 0&E

NAF v ATEHEOREFTLLTOFIETEM L,
K7 v 78Rz ERL, JCM EFX0D FSEMH L LT I%E
1K A,
MO DOEKEEELB AT HART v v b & E % &5,
CBCGWHERT v v MIZHOWTHIETE % F i,
WHE LT — % %0l FS & %,

FPFITERTE L 12H0EM~FHEZEFL, Z2072b 7THONA A
~ AT ENS FS W hoKiEx= 5., BEGHELZEK L -,

RIZ, FS 2R T 2I2H720, BLGRETHELNATEREL EITAA
A H AR GHG Bl R &2t Lz, TofE. BCHDRA S
TWVWAINAFTHAOHBERLFZEOEE L LTHHASA TS F ¥
RSNV T RS NBERN L, EFB, BEAEZFEET DS Ao 2 T
% (BMFELBEROH&RTELS) &, VT HAEZFHTE S B thz
FS itk & L CT®E L,

5.3.2 EFE (CNG HW A FEEH) OBE
FSBEMDONA A~ ATHFELLTEELLEERL 2405 6, A X
Wik 7y a2/, BEEF WMEEBEEEELTND, £/ B
THEEFOREE2E " FICEELALFTAEES D 02D HEHE
BT CTIEHERMELEZCBGAZHAELE LW, ZZ CHENEFEL TW
HEERHERCFAMFAECI AN vy L ESt 2 T{mEREME L
THES L7z,

Btht~te7 V7 LR ERmMEEBOLEFREITFMFHETS K
MY ARMCEFTCWEwmESETHY ., NGV FT7 v 7 228 EKAT D

LM THL, 22T, N7/ v 7l aERL FS ~D ) %4
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ZLEWE,. CBG BT 4 —BICK L T EL N H L ITEBEN H
HENHI LT, FS~OWMHOEKHELEEDLD LN TE, FEZHR L
LTEELL,

ZOMOEEEEZTITITIES® NT /v 7 il &2 £k L FEAREH oM
Hre#EDTWSTFETH D,

5.3.3 EPC F ¥ # O & &

R7m V=7 ML ERBRMIT. B, KRB, B2 T —a
MO E N D RIRA AR R AE B3 5 5l i3 2 23, FEBEAE
ZoOWTIFMAN 2V, £ Z TRICEBMICET 2R . N A4
HARBEED EPCEFOOD = P=T Va2t &E LI,
Mt &b CBG HEICH AN THY, BMELZFH->TEY EPC F¥
TOBEMERGD &KL,

FE LR AR IC DWW TIRBIE R AN ERLT 534 vy b EIERBRIC
BT EPCF¥EH, A7 —va VEflconTik, ¥4 FET
NGV 27— a v ® EPC EFEDH D 3 tha kt5e & U G4l 12 8 E
TLHZ e LT,
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6.

M O BE
6.1 AtLIZ 1T D F MM

6.1.1 At D#E %
AR 40 EL EOBEEREH O A FEORKFO N — LAFEH
Thd, 2014 FDEY EFITH 1T0EMHTH 5,

AHITBHAEENICS THEZHFAL TWD, £7/-, 2017 HEICH L%
HCAFHBERHY , ERTHE 4 DONXN—LAERTEETAET A &
W27 h, 20 4 THOHMNMES, SEHMEECRAA T T ART Vo v IV &

MEL, 2 THEIT TaTHI b TH )E2mMIE L TEE L,

6.1.2 a TH 2B 5 i fif {14k

AtTIX EFB © 5% % Bkt LTRHALTWD AN, Y IZALD
FZrT—var~EELTBY, ANEMNOGEZBERL TVWDZD,
CBG it LTHEHTCELIME I Mt T o228 E L, BAET
LZEFBNOLENTETORALA AT AZRET LD ENTEHr0EREAEL
7oA. 2,000m3/h OFEERF T D2 & & Lk,

CBGOWEHERT ¥ e LTIAMITERMZRAL TRV,
Ik CH A FEL B OREL CBGHEART VY L O x4 & HE
TLHZLL L ARERFATEIEMEEZECFNTY v 7 iz TE T
RN FEIHAE I, B O 1L NGV 28R RAT D 2L A
L., &5 CBGlilg 2R CENIETALERNN— M =125 L H
fFEh b,

DEOBRGMAE LR ZEE A, a LHORMERZRE L,
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K% 41 a T35 ORI L%

I BE A 5 5% P AT — a v RkiE
E JEURE Storage 12ton/d
48,000Nm3/d-BG 2,000Nm3/h-BG Dispenser 2 #-2 /
Jl [:'1:'[:1 X\\/I/
1.025kg/h-CBG
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6.1.3 a LH O FEMFM, KESH (JCM MBh=E vs IRR)
UEomitziic, 108 IRR #RE LR A E 42 1277, A
A F I AOWE A L CBG IRFEMA 1L A A~ A TS, WikFER
EOWHBCELOVRELLEHETHLIN, AFS TRE LELBE THNITE
BoAEEITEVWESZSZ TS, 207 — A TIEME 40%LL ETF
KEFEBLTELHLRNLERD,

F72. EFB O A F T ZLITITEE OB LD RIFEREDNLET
HOLEOREERBOLZDICEMAEEZ RS L. AZ— LAY v hZiBEXK
TOMEND D, WV a LEHITITRE L2 EFB A +5ICFET 52
L, CBG ORBLEDHERNRE L E XD, 4%, WMEtho Rk
53 DS~ bEHH, CBGREEDHEF 21T 9,

K% 42 IRR 247

IRR

WS>

—|RR

T 1

0% 10% 20% 30% 40% 50% 60% BN
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6.1.4 b LHIZ 1T D Bl kR

b THICKT D AoREIE, KEEAEZHETT 57201 POME IZ
HNA=KFG 7= ZRBELATNERL RV bbb BT
ERVTEONA AT ADOFAMBER 2N L TH D,

R TIX POME 7° 5 12,000Nm3/d O XA A HANAERTE D Z &
MNE . FBREMIX, 500m3/h DR EZ KRG ITH2 L L7, CBG D
BRT Uy NMIZOWTIHEHRIRD a TH EFRBEORREZMEEL TW5,

UELORELEEE 2, b LEORMAELZRE L,

% 43 b I35 0 RME LR

JE W5 A i 5 AT = a vkl
WA B iE A& JF Bt 500Nm3/h-BG | Storage 7ton/d
15,000Nm3/d-BG 5 292kg/h-CBG | Dispenser 1 #-2 /
R IV
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6.1.56 b LH O FEMFFM, KESHT (JCM MB)=E vs IRR)
UbEomatzkic, 1I0F IRRZRABE L2 RERNEK 44 12777, A
A F I AOWE A L CBG IRFEMA 1L A A~ A TS, WikFER
EOWHBCELOVRELLEHETHLIN, AFS TRE LELBE THNITE
BORmEEITENWNWEEZZTWVWDL, 207 —ATIEMBE 50% ETH
KEFEBLTELHLRNLERD,

X 44 IRR 54T

IRR

R85>

=——|RR

0% 10% 20% 30% 40% 50% 60% (LIRS

6.2 Bk D FHE MR
6.2.1 i 1 4%
B #hix 20 LN E o B EE A R o Tk fvE S 4L TR 5E | 110
BHBREOZETH L, ¥y v AN ZHEE T 24K TS 2 T,

B tTix., LHEKITIKEEB O ® Upflow anaerobic sludge
blanket reactor(LL N, TUASB] ) &I X—FZ 27— (LLF, [CLJ)
XTI TS, UASB WO RAET H AL T AT, RAD
MIENLZDEFERAMUTEST, ETT7LT7 LTS, CLOANA A
AT BERME NA TERMOREE L THAL TS,
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F72. UASBDO T A VITHEICT LT &M LR nizd, BEAlix CL
MIZEEMEHB L, 20 2 UASBICHITEM 217> T\ 5, 2015 4E D 7
LT HARDEBNS, HRBMHIT, FREEBRB CEHKkEL LT,
T50m3/h OFEEZMRET L &L L,

K L5 A D BB A A S T I R IS 2 T T LSO RO
AVIANTESGTIICh T2z MO DIl N7 vy 7 BN 1ERT HZ &N
HLWEHIBL AT —va VTG AT EZRES T E L THREL
2o 2D NAFHAWEFORE 2K 500m B4 5 5HHE & Lz,

CBG DiHERT vy & LT, HERAD M7 v 7 b EHTHEHD D
boo, ®WiET L CBGEICAAGIHEZ R IADR W EHRINLD, —
T WEmE O RYE2@MEFEE~RZFELTVD, DI HD 1T
iDL B NGV F I v 7 2 RALTWVWDLRFORERILT, F7T/
v 7 LR, BHhH 25 CBGifgzR s CENTAEREWF
720D ERbhhoi,

ULoBGHE EE 2, Bo@REEkEZRE L,

& 45 B D & i LAk

F I 1 i Fig B 3% AT — v a vk
% fif 7% = iE ¥ | J5iEF 750Nm3/h-BG Storage 7ton/d
40,000Nm3/d-BG M5 404kg/h-CBG | Dispenser 1 %:-2 /
v
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6.2.2 FEMIAM., WESH (JCM #iB) = vs IRR)

UEomitziic, 108 IRR #RE LR A E 46 TR T, A
A F I AOWE A L CBG IRFEMA 1L A A~ A TS, WikFER
EOWHBCELOVRELLEHETHLIN, AFS TRE LELBE THNITE
BoAEEITEVWESZSZ TS, 207 — A TIEME 40%LL ETF
KEFEBLTELHLRNLERD,

FL.BHORFAT A2z LV ZLIHETE, o, THRIZRE S CBG
WEZHADNIT, A —NAT v 7R, FEMELM LT 5,
ASHIEIZI LERHEZED T, FEMZED IR Z L TV E 20,

K% 46 IRR 74T

IRR

BES> /

= |RR

0% 10% 20% 30% 40% 50% oy (RN
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6.3

EREY A MBI D FEMMRF

6.3.1 /NA 1 v b FEIEW 3O E

KB ApRN"A vy PEGFERREZFE ST L5 A P LTEELRE C
T E IS FEO R — A MFEEF T 201450580 EIFITH 10EA TH
D, N—LREEITIFALTELT, FFBIZ T X THEALEAL T
5, LY TIE 2017 FICHBILKR OGN H 520, BEXEN L EER
DEHBIZRDO LN WO WMINTHIANAA AT AZI T LT EIDLEER
WK TH D,

KO H A1X 2014 FFEN O Z A FE CTHEEMONA v v FFEFEY A
FMEHRBEL TV, CHITMRMICREHOMBENE L N2 &, BEIC
NGV FZ7 v 27 &AL TWEZ L CBGIEFRAL R HAETMRERT L
F—DOELEDEBZTWVWEILENDLRRAADRREICH I TH -T2,
CTOLEERDOL EEERBRORXMFICONWT CHEAENF LN
R, CHaz A my PEIEFA MIEE LT,

6.3.2 /XA 1y b EGEO

WA\ y NEFETIEH, RKRTAZREBAAS T TR, 2—=T 40 VT 1 %
HELTHLLW CBG #/IE L, CH~tiGT 5, CHHITE O NGV
N7 w7 OBk LT CBGAFIAT D, KIRA A THBMIE R, v 2
TLADNT F—~< A FEEEOMAME., 27 Ly b — Ot Ak, &
i DAL IREEA~OF R EDOHERZITVEE~T T — 5 %
NES 2,

AR BRI OV TR, ABRICRIKRE S B L LT, 250m3/h %
BE L, BAE. XM oy FREEEHRT T 20174 3 H RKICEKTE
Thd, EFIZITHIZ, 2017 4 And 1 EFREERBRZ21T5 FET
»H 5,
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6.3.3 C tHiz BT B &l I k%

FAERIRAE T, CHT CBG FE 5 EMT 54— 2 TR %

E LT,
X & 47 C tt D & fig 4%
78 I A % AT — 3
A% A = C @ BE AT 3 JE B 250Nm3/h-BG C 0 BE 17 % fi
fl 8 146kg/h-CBG
6.3.4 C DO FEMFTM. KESH (JCM % vs IRR)
lbEomitaikic, 104FIRRZRE LR AEXE 48 1R T, N A
F T ADOEAMAE & CBG WM& NA A~ ATH EOWmEIC L ikE
L% THDIN, AFS TRELEZGETONIZTHEBEOMREETS VW ES
ZTWNWD, 2D —ATITMI R 40%L F THEALZEH TXLHLLER
ZDO
K 48 IRR 747
IRR
S
s | R R
0% 16% 26% 30% 46% 56% 6(I)% mnE
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7.

W Je J B W RE R O 3 BT

7.1

AT BT D HEARM IR E 2T

A TlX CBG FEICB T2 FEMLAEL., 24 EEICBWVWTH
FENTDICFER LA T I2ERERB NI L 2R LI, ZOETI,
T4 —EBALCNGED BB HEREOMMEE M EZEAL CBGOZH
BEHZ T 2P N E T2 LI, CBG ERIUCLS AL A~ REH
Bt L, BEABINE R NA AT ARKESRIEYWEREO A EFH O R
BEITW. CBGEZHEEXEL L TEBMT 2+ AT 4 7R FEES
WWHET D EmRF L, 44 FEICKBIT S CBG F¥E 0% & & 7§
WESFTT 5, MAx T, 7.8.2 12 CHAMIED I 2 % L7,
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7.2 AU BB O B )
7.2.1 T4 — V¥ Afikk D RiE L
FAENDT 4 —BA/hGEfitk OB 2RI EBFEDT 4 — B /hGE
itk MM TH Y, 30THB/L 2B 2 WVW#IH THEB L T, =
AiX 2011 4 1 A LBl 2%t L T 30THB/L O 7 7 A4 A% ¥ v 73 h
o TWnWL D Th D,

X#& 49 YA EXEHDT 4 —BAL/BMiKDOHEE

35
30 -
.25 -
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) J
o 20
-
o 15 4
=
10 -
5 .
0 T T I I T T e T e e T T e T e e e T e e e e e e e e e T e T e e e e e T e e T e e e e e e e e e e T e e o v oo
T T [T T T @T 0T O @T 0T 0T 0T 0T 0T 0T 0T 00 0T 0T 0T 00 O 0T 0T 00 0T 0T 0T
AN AN AMNAMNCAMNMN AN AMNAMNCAMNAMNMNANMNMNANMNMCANANMN
o8 8 & 8 & & B & ¥ & ¥ & o
M ¥ LW © ~ © O O «H N4 ™M <« m  ©
© © © © ©o 6 © d «Hd oA +d o «dG o
© & o6 &6 & 6 & o o ©o o ©o o o
(qV] (qV] (qV] (qV] (qV] (qV] (qV] (qV] (qV] (qV] (qV] (qV] (qV] (qV]
Hpr . 24 £E - =3 VFX—BOK - #tEE (EPPO) #at & &2 B AR UFERK

ZAEEHDOT 4 — BRI T TITREHE R . BB, A e
&0 3 - >THRKEND, FHBIT TROGECESEREL TV
2o
> BB R - EEEBRRHI S 0 A B IS X PTT BNk E
> WnBl 24 EE - MBEICK > TRE
> ARSI A RIS S L EBRICHIEST A EE L

TRYSINTEEE, B2 ~ORERE~ R, BB 8 b

Bk 2ZBA2REL, A7 7 007 42/ LTS,

BM*E 50 ZA EEBDT 4 —BA/INEMBOERER

i/hﬁﬁifé = i)ﬁii*ﬂrﬁff% + {%nﬂnm + E@iﬂfg
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TRICITVEEL S FHROZ A EET 1+ — B/ /hTAIHE & 227 EHER
J A 4% (WTI - Dubai - Brent) Offil§ZBH OB LR L TWD,
HAlFE & b 2011 4 1 HRFR OMA&Z 1 & L CTFHE Lo, [ Bl
FE23 20114 1 HREA & Offikg &l L TR R 70% F¥& L7z D% L
T HAAEEHT 4 —BAMMiKO FTHERIL30O%ICHEE-T-, /2. R L
T, EBEFMAGSOEBIC Y A EEHT  — Bl O EHH B/ S
WZENATERND,

M*E 61 FAEET 4 —BAMK L ERRABMEOHEBOLE (20114 14
D il ¥ & ZEHE“D” L R AE)

=
N

=
N
1

=
1

PREMIEAE DZE B (2011518 %1)
o o o
N~ (o] (o]

©
(N

o

=Diesel(Thailand) ==——\WTI Dubai ==—Brent

HPF : 5 A FE - =% 0¥ — B - fEE (EPPO) #iat
IMF (EHBEE#EEH4), Primary Commodity Prices % %12 H A HF1E Bk
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— 5T, AL a3 BB AR LA ~ O B E NS & D BT
DOMBEEDORENS FRWICIEILSND T THREF I TV D,
FL AKOHEBICIV T I ZAF Yy FIZOVTHHELEENRD ED
WELHD, LIER> T, %O A EEHT ¢ — BVl K 1E = BE R H
flitg DEFBIZ LR > THW TN LHREND, FRIZITN kRO X
A EEHT 4 — BNk OHER 2 ) Lo, T2 o R% & 78 2 % B
DAFRLZEBERMMEICES T2 X H L, WThoBaIck
WTH 2025 FICIET T A4 AF ¥ v 7 Lo TW5H 30THB/L % # %
LDRIABRTEH D,

ME 52 FHEOFAEEHT 4 —ENAMBOREL

40
36.0 3.1
34.0 35.0
32.9 '

35 . S
30.7 31.9

30 | - 28.3 29.5 e 22 327 333 33.8 344
25.9 ) 30.5 3 310

30.
e | 29.4 250 289 290
25.9 %3 a6 29 272

15 -

10 -

T4—EIL NS (THB/L)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

- |EEJ reference WEO new policy scenario

== \\/EO low 0il price scenario
R R AT A O HEFE 2 AT o o, A ds . BROBHIAR I X E BSBR ORI B I B 2% = 2~ 9.5THB/L
(2016 4 8 H #EME) zMAEL T2, B LOCAMESERLE &> VW TEEAE
. 5.65THB/L, 0.14THB/L (2016 4 8 H » E#ifE) & L THEAEL /=,

AT . FHEEEREE (FLZR) 2252 B KRHES

4 EPPO R FHE ~0B M 7Y 7 LY
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K& 53 FREKROFH T

7= A% A A 1 B 4 s EA r— A
IEEJ HAxZ /¥ — 7T R W E OB R X OBEE
reference 1% W #IF 72 B T KL F — TOT R F— « B
TU MLy REZ LD > THEBE T
7 2015 L7 — A
WEO new International World wEOMB R X OBE E
policy Energy Agency Energy TOZR)VX— « BREH
scenario (EFETx ¥ Outlook REFIZLTZN > THER T
— %) 2015 D= A
WEO low oil 560 fify A oD AR A A% 46T 17 2
price EolK ozl ELLES
scenario — A
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7.2.2 CNG itk > Fi@ L
% A4 EEO CNG it OHERE 2 x93, 2015 4 2 A £ Tk o AL &y 2
VDI, BMFOMEIMEAEIC L > THESI RSN TWETZD TH D5,

X% 54 %A EE® CNG flitk O #H»

18
16 -
14 -
12 -
10 -

& (THB/KQ)

7H
7H
7H
7H
7H

2003%1A7

2004417

2005417

2006418

= CNG(MS)

AT : 24 FE - =3 X —BE -

2009418

CNG (i)

st (EPPO) #ak & 2512 B AFHFE AL

BED CNG fli#s 1L, REfiiks, k=2 b @A =2 b Bl &

STHER SN T WD, 272 L,

/NTEAR ST D W T I 15.84THB/kg & 7

TAAXT Y vy THRNTF LTV,

2016 fF 7 H . CNG it D 7 7 4 A% v v T BRHBE S v, /DIEflif i
DV TIX BRIG5> b @6l & e o7z, Zpds, N a s nb g
£% 50km LLiE O Hil 12 >V Tid, 1km 729 0.015THB/kg D ik = 2 |
MELDVAT AER-TEY, kK 4THB/Kg £ T k- F & w68 722 Ml #5

5 EPPO IR E ~0B i 7V 27 kb
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TGRNCEE L7 BN REHIE R 22 & i@~ BT L2 itk
FFRAYIZ CNG & (2 > T b FH BRF Al # o B F IS fE v CNG filikg b
EALTWHWSCHRBLTH D,
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7.3

B G Bl oo Bh i)

7.3.1 JRFDOHE

7.3.1.1 A AT ARKE

3.5.2 T/R L7V 2016 412 & A F [H o [E & il # B BUHE 23 &E S
N NAF~ RN FHA - EFEWIT R LT LB B L 7 ) BE (2 A &
ENTW3, N—2HAfi 2. 5THB/kWh (H 7 : IEA, 2.0-2.5THB/kWh
O EJE) & Adder Z W TEE L2 IHHIEICH T 2 B EUEH & . 8
HEICS T 2 HEUMb& Z LB L2 0%
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& IR T . BERTHERENLIEA LTHZ T 7RRGIEDHR
Bufits (F : X— A, K : Adder) TH Y, #HOHET T 7 BNHEHEDO G
DTHDH, mW., FHEOHEIME D > bEERLEINDZEEHHE S
(FIT(%)) I 25WTiX, 2017 FEEBAB O F AR T XL ¥ —ERO
HElAICET S5 EE v,

KBt 0 B R 23 K & < A AR L TWnWD—FH T, K
) BEEDO BTN R LH . SA A A AN FTARKEL B
ALTVWDLZERRTERND, ZOED MRV LN F T AEED
FHEMEIIMW ETLAEENARE Y (L, 352 TRiLEERY . H
SHIL ERMETH Y KO ALE MIC K o TR G E o B B # L Y
bR D AR GFET D),

—H AR L@y BE, X ERICRAREHIBENS>NTE D
FT.ORMAMEE R BN TIEH RO RMERLHIRS N TN D,
ANFLTHIEE ~DOBATIC Y FHEAY 72 1 = R8N &SR3 i Y i S ¢
WL b D EEZDHILD DR GHE D B S F 7 sk o 2 R S 2 IR R
b N A I~ A EREBEHBERCTET HOFEHEHRO G EE BT
LEZEZLND,
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7.3.1.2 BAEW IR O AH A

— WAL AR R O MW AR X A AR & RV RN D D, FE XA EEH
C UM A% 2SR L 72 2008 AR IC X, E IS A D TR IEE O i b
gL TWD, fiko@Y) , A4 EEOALABREOWN KA ITEE > T
BOASZOREMAMESEY) A7 I3FETLIEZE20ND. E5 LY X
T~y VT LD F EEROEE VAV ALFIEBHCE X
TRIEWEREZEE L THERTL2 2 ~0FELAEEY ZAETH
%

7ziZL. LIRS POME 2 BB L LTHWDIEAIX, BBEEO L O

ZHAWDHT-0, CBG FEXCAASA AT ARKEBEFEL ITEENICETHEESE
T, DLAMTBFEL L TMNESTONLHRBEERD D,
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7.3.2 REFEOH A

7.3.2.1 CBG HIEHM OB & F¥(HE

A4 EETCBGZHIE LM LEFELZEBML TVDFEERITRY,
K5 O /NR R e 28 % BR 1 13 . UAC Global Public Company Limited
(LL'F. UAC) 2 CBG EiFFEX4 EM L-FH 1 H 5, UAC ITKD
LIREXET 7T A ZMEHT 2003 0 b4 1,100t BE (F 1 —E
V220 7 tFHY) © CBG #®ETE 5%z & L. PTT © DS (T
RTHET N THIUEFELEMLL, AFXETITS/BOEEL HimA
TV, HIRMEREIC L0 EBIT U/SERE L2 CBG 2 AEETE T
M, ZTDOXHIZ CBG WEFEEITFEMNICTOLEMBIC S £ 72 £ 72 HEGE
BHOLXLTHD,

CBG & A EEICEWVWTHFEEL L THEMNTWARWIEB &L TIX
UAC o #FEFIICb R oN DBV SR LA TIE., FBEMEDH D HM 2 K
LThWwZ EnBETohb,

Flo Wk, BB L HMOBEE SN A AT AREL ERT D
FHZELTREMNERNRADTLZ s —KE W25, LarLen
BRI A EEOMEHBORTIINESE THY . A AT AFEEDR
RN RN RE R HIRIT A% b —EBFETL2LERAOND, 6 THHL
7By, 5% CBGAERERINATRERFEEL o TS H T, BEDBE
T EANIERT 5L LT CBG A EM L DA I3mY TH< 72
LEZEZDOND, T ERBRERINATERVEEL LTAM SN
TW7z CBG #ifi 2R A+ 282 1E, Aido@EY i THRwv, £
DIz, RAEZ B LT+ /) UNUEHICETLHZ LT MoBHEAEF
(L HFEMNTT, ¥4 FEEHO CBGEHAMICBITZ )V —FT 47 h v
W= —RIBT ER>TWS ZEBb T HAIETHDL EEZEZ DN
2o
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8. MRV J L5 - PDD O % iE
8.1 MRV FiEim %
R7a v =7 ME, NA 4~ ALY o BEIEY (BRI LK) % e
LT, IR =FTF7 77— FRICTHKMEHEIL L, N A A H A %[BT -
FRLTMEZmO T, BEIFEABREE LTHAT 5, kD 2 DDiE
#IZXEY GHG AR ZERT 26D TH D,

NRAFATHEOREED(FERM TEBE)ZFREE LTAAAL A4 H RAEINT
HZ kD AR PR AR
kZ v 7 ~® Bio-CNG F| 2 X 21t A BREHE 0 = % L 2 — il J6

K7 v=7 bO2o07EENICEEKT 5 CDM Fiki % 2512, MRV
FERDREEIT-T2, 25 L3725 CDM HFE#HIZIKRD 3 >TH D,

AMS-III.H: Methane recovery in wastewater treatment (Version
18.0) (BAF. lBE# D A % » PEHimkE CDM HiEfw) &7 25.)
AMS-III.E: Avoidance of methane production from decay of biomass
through controlled combustion, gasification or mechanical/ thermal
treatment (Version 17.0) (LA T, NI D A 2 o kA CDM
ikl &9 5.)

AMS-III.AQ.: Introduction of Bio-CNG in transportation
applications (Version 2.0) (LT, lig=# @ CDM Hikim) &
%)

FEHE D A 2 v P B CDM J5 & 3. ABEIESE KD X & U EIN &2 17
27 m Y= MCHEMT 260 THL, 77 MY A FTIE, BHRK
TEANAA A~ ALENLOBEKRITI N— K7 7 — BRI T oA M
HEfTol ECZ XA F—FIHL TR, —HITLREITRALLTT L
TREZT> TV, 7 VLT RABIZTRLAXEDOIZOICH ER DB
AT TWVWLEE TH D, 20D, U7 7 L2y TR T A 2 R
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HLTWEsED L LTERET D,

TR D A 2 P EDE CDM LR iL, Lo b O Lk & B
RICIREGSHE, AXVEIRAEITY) Yy =2 MCHEAT 2D TH 5,
a7 FARNTEBRTEANAASA A~ ATLE NGO LAEIX
FUT—varvilHEATHEEINLTVD, TDOH, V77 Ly 23
PN b A2 v REBIB LTS DL LTHRET D,

K% 56 MMILEEDORERERRNR

HET : AfL 7 T o7 — 32 a I THARBFRK

i 05 B 28 B CDM B ix. AR O S A A H A E R LHIET
% Z 12X Y Bio-CNG (Biogenic Compressed Natural Gas) % f#i&
L EEaR I TR ELCRIAT 2 Yy 22 MCEHAT 20D TH
Do EMER DAL FHAFI NAF~AFEHOT T T — a2
RALEE JEBHE BN A A~ ZAFRIE D DA F v A & BB T
LA UHEBEE L TCELONDTATHD, A7 v=7 i, NA 4~
AT 0B OBEFY (BER - N TR E) % M B L TN A A R % ki
L., #ELZ CBG#HiklmoRE LT 20 ThH D,

K77 ME, 2hb 350 CDM FiEiwaxEKic, JCM 0 # x
JRICHID e b, WRERMEEREY) T LAV T U FOREEIT o,
WHEMEEAIT e Y27 MCEATLIEMNEREEE 7225 BEEY O I 2
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FlhZTIcRE Lz, Hffifbkk e LT, KIRATABRHT 5 CBG ki
RA[R 723 A G H A KR T3 5 Pressure Swing Adsorption(LL T,
PSA &3%, ) L ABEEEAZMAEDET ATV v R AR
FBREVATLAEHWDZ L LT, PSA HMTA X U A21T - 1=
BED A & IR IT 8BRRETHDIN, KV AT ATIHAY VRE
98% D IEMH A % A # R 98%IC TV e Stk 2o T %,
KU AT HE, TAzMAET MK, PSA L OVT A5 HERR X 0 # K
Ef., PSA O HEHEN DA 7 W A& EEIC X 0 F B S 4 H 21
TWIREE THEML., PSA DAV H~EVH A7 0T 5 L0 D K
ZR o TS, PSA KBV THRRE~ORMBEITVRNL, A7 T A
DYH A7 NMIZKYEIREEZMN, 20OV A7 VORI, B
EOAZ REFMHICBVWTHRISBWATE 208 AL 2
LT RAKRELTEDERVAT AR LR TWND, B, A7 A
EREBET DN AV ATATEIVA 70T 52 ETERDFEER
D, TOHEM L ML U CRERE L, £ 7o, 6ok m g F A R
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SMHBEOREOBRIC, BIE» SO A X &1 Bio-CNG & L T O Al
EERW, IMTERE»S O AKX o &IiX FOD £ 7 /1(2006 4 IPCC # A
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A. Title of the methodology

Refining Bio-CNG from organic waste at Biomass Plant for using as fuels of NGV

in Thailand, ver1.0.

B. Terms and definitions

Terms Definitions

Organic waste Liquefied and solid waste that contains
degradable organic matter. This may include, for
example, waste water and processing residue

from Biomass plant.

Bio-gas Gases generated from anaerobic digesters.
Bio-CNG Biogenic Compressed Natural Gas purified from
Bio-gas.

C. Summary of the methodology

Items Summary

GHG emission reduction | ® The project is to capture CHi from anaerobic
measures digestion system with organic waste (e.g. waste
water and processing residues) at Biomass Plant and
purify to Bio-CNG (Compressed Natural Gas), which
are used for NGV (Natural Gas Vehicle) in Thailand.
It is to achieve GHG emission reduction through the

following 2 activities.

1) Avoiding CHs4 emissions by recovering biogas
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using organic waste at Biomass Plant.
2) Reducing consumption of fossil fuel by using

Bio-CNG for vehicle.

Calculation of reference

emissions

Reference emissions are GHG emissions from
releasing CH4 to the atmosphere from organic waste
(e.g. waste water and processing residues) at Biomass
plant, and consuming fossil fuel for vehicles.

Reference emissions are calculated with volume of
Bio-gas putting into upgrading system and
consumption of Bio-CNG (for estimating consumption

of fossil fuel) by vehicles.

Calculation of project

emissions

Project emissions are calculated with project activity
and CO2 emission factor (default value).
Project activities are the following;

» Upgrading process: Electricity consumption

by bio-gas upgrading system.

Monitoring parameters

(In case of waste water and processing residues)
Amount of processing residue putting into anaerobic
digestion system [t/p]

(In case of waste water and processing residues)
Electricity consumption by anaerobic digestion
system during the period p [MWh/p]

Electricity consumption by Bio-gas upgrading system
during the period p [MWh/p]

Electricity consumption by refueling station during
the period p [MWh/pl]

Bio-CNG consumption by transport application (j)

during the period p [t/p]

-90-




D. Eligibility criteria

This methodology is applicable to projects that satisfy all of the following

criteria.

(friterion The project is to capture CH4 from anaerobic digestion system
with organic waste (e.g. waste water and processing residues)
at Biomass Plant and purify to Bio-CNG (Compressed Natural
Gas), which are used for NGV (Natural Gas Vehicle) in
Thailand.

griterion Organic waste from Biomass Plant is not used for Energy or

Materials.
(e.g. Waste water is discharged into river, captured CHu is
released into atmosphere, and process residue is landfilled or

left in the field.)

griterion The technology of purifying to Bio-CNG is Hybrid type CO2

removal system combining Pressure Swing Adsorption and Gas

Separation Membrane.

Srlterlon The off-gas discharged from PSA is recycled.
griterion Plant to apply the international or national qualification

standard of Bio-CNG for using NCV 1is prepared.

E. Emission Sources and GHG types

Reference emissions

Emission sources GHG types
Methane emissions from decay of organic waste CH4
Fossil fuel consumption by Natural Gas Vehicle CO2

Project emissions

Emission sources GHG types
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Electricity consumption by anaerobic digestion system CO2

Electricity consumption by upgrading system for Bio-CNG COg

Electricity consumption by refueling station for Bio-CNG COg

F. Establishment and calculation of reference emissions

F.1. Establishment of reference emissions

Reference emissions consist of two types of emission sources:
1) Methane emissions from decay of organic waste

2) TFossil fuel consumption by Natural Gas Vehicle

1) Calculation of reference emissions from decay of organic waste

® In case of using waste water for raw material

Waste water from a Biomass Plant is typically discharged into river and
anaerobically digested which leads to methane emissions to the
atmosphere. The reference emissions from decay of waste water are
calculated using volume of CH4 consisted of Bio-CNG.

® In case of using waste water and processing residues for raw material
Waste water from a Biomass Plant is typically discharged into river, and
organic waste from a Biomass Plant is typically landfilled at SWDSs and
anaerobically digested which leads to methane emissions to the
atmosphere. The reference emissions from decay of organic waste are
calculated using volume of CH4 consisted of Bio-CNG and the FOD model
adopted in the 2006 IPCC Guidelines for National Greenhouse Gas

Inventories.

2) Fossil fuel consumption by Natural Gas Vehicle
Bio-CNG replaces the fossil fuel which is used for NGV. The reference
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emissions from fossil fuel consumption are calculated by multiplying the
amount of Bio-BNG supplied to NGV, NCV of Bio-CNG and CO:2 emission

factor of the reference fossil fuel.

This methodology ensures a net emission reduction by following reasons:

The avoidance of CH, from decay of organic waste is calculated with Bio-CNG
consumption by transport application and set the default DOC value
conservatively in line with 2006 IPCC Guidelines for National Greenhouse Gas
Inventories. Default DOC value of 8%, which is the lower value of the range
8-20% for food waste, is applied and FOD model adopted in the 2006 IPCC
Guidelines. Food waste, which has the lowest DOC value among organic waste
types, is assumed to represent the organic waste from Biomass Plant. The
reference emissions are underestimated by using conservatively-set Bio-CNG

consumption, since reference emissions are lower than the BaU emissions.

F.2. Calculation of reference emissions
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REp = RECH4,p + REtrans,p

(EQ1)
RE, : Reference emissions during the period p [tCOze/pl
REcH4p ! Reference emissions from decay of organic waste
during the period p [tCOze/p]
REirans,fuetp : Reference emissions from fossil fuel consumption by
transport applications during the period p [tCOze/p]
REcnap = REcyawwyp + REcharesiduep
(EQ2)
REcyap : Reference emissions from CH4 into atmosphere during
the period p [tCOze/pl]
REcHaww,p : Reference emissions from CH4 of waste water into
atmosphere during the period p [tCO2e/p]
REcharesiauep - Reference emissions from CHy of processing residue
into atmosphere during the period p [tCOze/pl]
» In case of using waste water for raw material
REcyawwp = FCio—cne,jp X Rerapio—cne X GWPchy
(EQ2-1)

REcHaww,p ! Reference emissions from CHy4 of waste water into
atmosphere during the period p [tCOze/p]

FCgio—cne,jp : Bio-CNG consumption by transport application (j)
during the period p [t/p]

Rcuapio-cne : Rate of CH4 content of Bio-CNG by volume [-]

GWPcy, : Global Warming Potential for CH4:25

» In case of using waste water and processing residues for raw material

REchawwp = [FCBio—CNG,j,p X Reyapio-cnGg — (Wresidue,p X RCH4,residue)] X GWPcys
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RE, CH4,ww,p

FCBio—CNG,j,p

RCH4,Bi0—CNG

Wresidue,p

RCH4,residue

GWPcy,

RECH4,residue,p =

m-—13

x=1

RECH4,residue,p

GWPcy,

(0):¢

16/12

DOC;

(EQ2-2)
! Reference emissions from decay of waste water
during the period p [tCOze/p
: Bio-CNG consumption by transport application (j)
during the period p [t/p]
: Rate of CH4 content of Bio-CNG by volume [-]
: Weight of processing residue putting into anaerobic
digestion system during the period p [t/p]
: Rate of CH4 gasification from processing residue [-]

! Global Warming Potential for CH4:25

p_end
16
{(1—f)><GWPCH4x(1—0X)xExeDOCfoCF

m=p_start

—L(m—13—x) _k
X Z Wresidue,p X DOC X e 12 X (1 —e 12)

(EQ2-3)
! Reference emissions from decay of processing
residue during the period p [tCOze/pl
! Fraction of methane captured at the SWDS and
flared, combusted or used in another manner that
prevents the emissions of methane to the atmosphere
: Global Warming Potential for CH4:25
: Oxidation factor (reflecting the amount of methane
from SWDS that is oxidized in the soil or other
material covering the waste)
: Molecular weight ratio of methane and carbon
: Fraction of methane in the SWDS gas [volume
fraction]

: Fraction of degradable organic carbon (DOC) that
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MCF

Wresidue,p

Doc

p_start

p_end

RE trans,p

decomposes under specific conditions occurring in the
SWDS [weight fraction]

: Methane Correction Factor

: Weight of processing residue putting into anaerobic
digestion system [t/p]

: Fraction of degradable organic carbon (by weight)
[weight fraction]

: Decay rate [1/year]

: Months in the time period in which waste is disposed
at the SWDS, extending from the first month in the
time period (x=1) to month m (x=m)

! The Nth month from the first disposal at the SWDS,
extending from the first month of the period p
(m=p_start) to the last month of the period p
(m=p_end)

! The Nth month from the first disposal, which is the
first month of the period p. If that month is smaller
than 14 and p_end is larger than 13, p_start is set at
14 because CH4 generation can be accounted only after
13 months have passed since the first disposal at the
SWDS.

! The Nth month from the first disposal, which is the
last month of the period p. If p_end is smaller than 14,

CH4 generation cannot be accounted.

REiransp = FCrio—cne,jp X NCVeng X EFcne

! Reference emissions from fossil fuel consumption by

transport applications during the period p [tCOze/pl

(EQ3)
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FCgio—cne,jp : Bio-CNG consumption by transport application (j)
during the period p [t/p]
NCVine : Net calorific value of CNG [GJ/t]

EFcnG : CO2 emission factor of CNG [tCOz2e/GJ]

G. Calculation of project emissions

PEp = PEww_elec,p + PEupgmdmg_ezec,p + PErefueling_elec,p

(EQ4)
PE, : Project emissions during the period p [tCOze/p]
PEyw clecp ! Project emissions from electricity consumption by
wastewater treatment during the period [tCOze/p]
PEypgrading etecp - Project emissions from electricity consumption by
Bio-gas upgrading system during the period [tCOze/p]
PErefueiing etecp - Project emissions from electricity consumption by

refueling station during the period [tCOze/pl
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PEww_elec,p = Ewa,p X [(Wresidue,p X RCH4,‘residue) - FCBio—CNG,j,p] X EFgrid

PEww_elec,p

ECywyp

FCBio—CNG,j,p

Wresidue,p

RCH4,residue

EFgrid

PEupgrading_elec,p

ECupgrading,p

EFgrL'd

PErefueling_elec,p

Ecrefueling,p

EFgrL'd

(EQ5)
! Project emissions from electricity consumption by
wastewater treatment during the period [tCOze/p]
: Electricity consumption by anaerobic digestion
system during the period p [MWh/p]
: Bio-CNG consumption by transport application (j)
during the period p [t/p]
: Weight of processing residue putting into anaerobic
digestion system [t/p]
: Rate of CH4 gasification from processing residue [-]

: CO2 emission factor of grid electricity [tCOz2e/MWh]

PEypgrading etecp = ECupgradingp X EFgria
(EQ6)
! Project emissions from electricity consumption by
upgrading system during the period [tCOze/p]
: Electricity consumption by upgrading system during
the period p [MWh]

: CO2 emission factor of grid electricity [tCOz2e/MWh]

PErefueiing etecp = ECrefuetingp X EFgria
(EQT)
! Project emissions from electricity consumption by
refueling station during the period [tCOze/pl
: Electricity consumption by refueling station during
the period p [MWh]

: CO2 emission factor of grid electricity [tCO2e/MWh]
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H. Calculation of emissions reductions

ER

RE,

PE,

ER, = RE, — PE,

: Emission reductions during the period p [tCOze/p]
: Reference emissions during the period p [tCOze/pl

: Project emissions during the period p [tCOze/p]

(EQT)

Data and parameters fixed ex ante

The source of each data and parameter fixed ex ante is listed as below.

Parameter

Description of data

Source

RCH4,residue

Rate of CH4 gasification from

processing residue [-]

Default value in the

methodology

of methane from SWDS that is oxidized
in the soil or other material covering
the waste)

Value of either 0.1 or 0 is applied to OX

depending on the type of SWDS.

Type of SWDS Values

Managed!, unmanaged and 0

uncategorised SWDS

f Fraction of methane captured at the Default value in the
SWDS and flared, combusted or used in | methodology
another manner that prevents the
emissions of methane to the
atmosphere
f=0

00X Oxidation factor (reflecting the amount | IPCC default values

provided table 3.2 of Vol.3
of 2006 IPCC Guidelines
for National Greenhouse

Gas Inventories.
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Managed covered with CH4

oxidising material?

0.1

1 Managed but not covered with aerated

material

2 Examples: soil, compost

F Fraction of methane in the SWDS gas IPCC default values
[volume fraction] provided in “FRACTION
F=0.5 OF CH4 IN GENERATED

LANDFILL GAS (F)” of
Ch.3 Vol.5 of 2006 IPCC
Guidelines for National
GHG Inventories.

DOCrt Fraction of degradable organic carbon IPCC default values
(DOC) that decomposes under specific provided table 2.4 and 2.5
conditions occurring in the SWDS of Vol.5 of 2006 IPCC
[weight fraction] Guidelines for National
DOCs=0.5 Greenhouse Gas

Inventories.
MCF Methane correction factor IPCC default values

or stockpiles that are

considered SWDS

Type of SWDS Value
Anaerobic managed SWDS 1.0
Semi-aerobic managed 0.5
SWDS

Unmanaged SWDS-deep 0.8
Unmanaged-shallow SWDS 0.4

provided table 3.1 of Vol.5
of 2006 IPCC Guidelines
for National Greenhouse

Gas Inventories.
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In Thailand, Type of SWDSs is

Anaerobic managed SWDS.

DOC Fraction of degradable organic carbon IPCC default values
(by weight) [weight fraction] provided table 2.4 and 2.5
DOC =0.08 of Vol.5 of 2006 IPCC
Guidelines for National
Lower value of the range 8-20% for food | Greenhouse Gas
waste set in I[IPCC 2006 Guidelines for Inventories.
National Greenhouse Gas Inventories
is applied.
k Decay rate [1/year] IPCC default values
k=0.4 provided table 3.3 of Vol.5
of 2006 IPCC Guidelines
for National Greenhouse
Gas Inventories.
NCVeng Net calorific value of CNG [GJ/t] IPCC default values
provided in table 3.2.1 of
Ch.1 Vol.2 of 2006 IPCC
Guidelines for National
GHG Inventories.
EFcng CO2 emission factor of CNG [tCOz2e/GJ] | IPCC default values
provided in table 1.4 of
Ch.1 Vol.2 of 2006 IPCC
Guidelines for National
GHG Inventories.
EFgriq CO2 emission factor of grid electricity Updates on Grid

[tCO2e/MWh]

Electricity Emission
Factors, National

Committee on Clean

-101 -




Development Mechanism,
Thailand unless otherwise
instructed by the Joint

Committee.

Global Warming Potential for CH4

GWPCH4:25

2006 IPCC Guidelines for

National Greenhouse Gas

Inventories
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8.2 PDD KM UMEMi¥ A MZIIT D HIA Z 8k H Al &

Tu Y MREGEMY A e LT, FEELEEB LD Bio-CBG #i&E
EHBEORT X B EY 2 DOV A MiZEIT S PDD(Project
Design Document) D 1F sk & — W {b b 38k HI LA 2 & 0 U 2 17 -
1=

8.2.1 #1 M A (A*h)

Aft-a LHTIE, LHE»OHH SN S EFBD 56 95% & FH L BE
WIZIRA L CTHRAMELBEICEI D N AT AERBR XL E08ERT
T, ZOMBE. HRERMT., FRHRLZEBBH T LKEL LT,
2,000Nm3/h OF&EZ KT 52 &L L7, 2,000Nm3/h #%RE L7
HA 2L, BiocCNG 13/ 8,118t/4E DA FE RN iAW) 5,

BRIEo bR FHHAIBELRE T 57201, EFB O LA
BUCEB T D A & (AR IXE 912, Bio-gas Ol I & O KK M H IC
BILZAZ EEEL) 77 LU AP RLE LE Y 7y LY AP E
XA X o IEESy 172,507t-CO2/y & B I 1T 2 b A BRI 29 22,953
t-COz2/y. &R COBNMEHABEICL L Y2 Y =7 M &% 3,253
t-CO2/y, T D75 & LT Bk k& P H AR X 192,207 t-CO2/y &
REAE I,

& 57 a L% ORMAKR

J¢ W A R B3R i AT = a vk
% fifi 7% = iE A& JUEk Storage 12ton/d
48,000Nm3/d-BG 2,000Nm3/h-BG Dispenser 2 #:-2 /
4 R IV
1,025kg/h-CBG
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M% 58 aLHDO _BIERFBIEHBMERRE ICEITLZ2E=FY V7 HE LKE

T=XY v /A o AE HR HiL

Bio-CNG £ [t/y] 8,118 KB AT A B

CNG Hifir % 2\ & [GJ/t] 50.4 IPCC2006 TABLE 1.2

CNG #E Hi 2 % [t-CO2/GJ] 0.0561 IPCC2006 TABLE 3.2.1

) BE AR 2 (%) [t-CO2/MWh] 0.5477 Thailand Greenhouse Gas

Management Organization
[ ' The Study of emission
factor for an electricity
system in Thailand
2009_Table 10 Calculated
Combined Margin Emission

Factor]

*: [ General project] ® BM (E /L h + =—T V) OFEAEFH, OM (AXVv—F 4 7 -

~— ) 0.6147 & CM (v /XA K -

~— ) 0.5812 L b# L., &b HMEMME W

BM (E/L ke ~—T0) 0.4TT OEEZA WD Z LT, JCMDOE X2 5 Th HIEFHEDOHE

T & file £F

K& 59 aTHO_BMRIERIRFEHBABEORRMR
— WA B 3R HE ) HI R V77 by 2gHE | T Y= MHEHE
[t-CO2/yl [t-CO2/yl [t-CO2/y]
192,207 195,460 3,253

JCM Project Design Document Form

A. Project description

A.1l. Title of the JCM project

in Thailand.

Refining Bio-CNG from organic waste at Biomass Plant for using as fuels of NGV
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A.2. General description of project and applied technologies and/or measures

The proposed JCM project aims to achieve GHG emission reduction by capturing
CH: from anaerobic digestion system with organic waste (e.g. waste water and
processing residues) at Biomass Plant and purify to Bio-CNG (Compressed Natural
Gas), which are used for NGV (Natural Gas Vehicle) in Thailand.

It is to achieve GHG emission reduction through the following 2 activities.

1) Avoiding CH, emissions by recovering biogas using organic waste at Biomass
Plant.

2) Reducing consumption of fossil fuel by using Bio-CNG for vehicle.

The key technology of purifying to Bio-CNG is Hybrid type CO, removal system

combining Pressure Swing Adsorption and Gas Separation Membrane.

A.3. Location of project, including coordinates

Country Kingdom of Thailand

Region/State/Province etc.: TBD

City/Town/Community etc: TBD

Latitude, longitude TBD

A.4. Name of project participants

The Kingdom of Thailand Participant A

Japan Osaka Gas Co., Ltd.

A.5. Duration

Starting date of project operation 2018
Expected operational lifetime of project 10 years

A.6. Contribution from Japan

The state-of-the-art technology of purifying to Bio-CNG which has been
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developed by the Japanese project participant is introduced in the
proposed project. The dJapanese project participant transfers the
technology through training to the Thailand project participants.

The Japanese side provides financial support to the project.

B. Application of an approved methodology(ies)

B.1. Selection of methodology(ies)

Selected approved methodology No. Proposed methodology :
Refining Bio-CNG from
organic waste at Biomass Plant

for using as fuels of NGV in

Thailand.
Version number Ver. 01.0
Selected approved methodology No. N/A
Version number N/A
Selected approved methodology No. N/A
Version number N/A

B.2. Explanation of how the project meets eligibility criteria of the approved

methodology

Eligibility | Descriptions specified in the | Project information

criteria methodology

Criterion 1 | The project is to capture | The project participant plan to
CH4 from anaerobic | capture CHs from anaerobic
digestion system with | digestion system with organic
organic waste (e.g. waste | waste at Biomass Plant and
water and processing | purify to Bio-CNG (Compressed

residues) at Biomass Plant | Natural Gas), which are used for
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and purify to Bio-CNG | NGV (Natural Gas Vehicle) in
(Compressed Natural Gas), | Thailand.

which are used for NGV

(Natural Gas Vehicle) in

Thailand.

Criterion 2 | Organic waste from Biomass | Organic waste from Biomass

Plant is not used for Energy | Plant is not used for Energy or
or Materials. Materials.
( e.g. Waste water is
discharged into river,
captured CH4 1is released
into atmosphere, and
process residue is landfilled
or left in the field.)

Criterion 3 | The technology of purifying | The project participant plan to
to Bio-CNG i1s Hybrid type | apply the technology of purifying
COq removal system | to Bio-CNG which is Hybrid type
combining Pressure Swing | COz2 removal system combining
Adsorption and Gas | Pressure Swing Adsorption and
Separation Membrane. Gas Separation Membrane.

Criterion 4 | The off-gas discharged from | The project participant plan to
PSA is recycled. reuse the off-gas discharged

from PSA.

Criterion 5 | Plant to apply the | The project participant plan to
international or national | apply the international
qualification standard of | qualification standard of

Bio-CNG for using NCV is

prepared.

Bio-CNG for using NCV

- 107 -




C. Calculation of emission reductions

C.1. All emission sources and their associated greenhouse gases relevant to the

JCM project

Reference emissions

Emission sources GHG type
Methane emissions from decay of organic waste CH4
Fossil fuel consumption by Natural Gas Vehicle CO2

Project emissions

Emission sources GHG type
Electricity consumption by anaerobic digestion system CO2
Electricity consumption by upgrading system for Bio-CNG CO2
Electricity consumption by refueling station for Bio-CNG COg

C.2. Figure of all emission sources and monitoring points relevant to the JCM

project

Trucks of

@

. Upgrading Refueling your
EFB EFB Digester Bio-gas plant station Bio-cng | contracting
transporters

lectricity lectricity lectricity
consumption consumption consumption

M1: Weight of processing residue putting into anaerobic digestion system
M2: Bio-CNG consumption by transport applications
M3: Electricity consumption by anaerobic digestion system

M4: Electricity consumption by upgrading system

M5: Electricity consumption by refueling station

C.3. Estimated emissions reductions in each year

Year Estimated Reference | Estimated Project | Estimated Emission
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emissions (tCOy) Emissions (tCOye) Reductions (tCOye)
2018 172,507 3,253 169,254
2019 172,507 3,253 169,254
2020 172,507 3,253 169,254
Total 517,521 9,759 507,762
(tCO2
)

D. Environmental impact assessment

Legal

requirement of

environmental impact

assessment for the proposed project

To be confirmed later

E. Local stakeholder consultation

E.1. Solicitation of comments from local stakeholders

Project participants plan to implement the local stakeholder consultation at the

start of the demonstration project.

E.2. Summary of comments received and their consideration

Stakeholders

Comments received

Consideration of comments

received

TBD

TBD

TBD

F. References

Reference lists to support descriptions in the PDD, if any.
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Revision history of PDD

Version Date Contents revised

01.0 17/02/2017 First Edition
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8.2.2 ¥4 K~ B (B #h)

B#Tix, 2015 FDO 7 LT HARZEDOFERE O, ERBRMIL, ¥REL
EBBH CX2/KHEL LT, 750Nm3/h OFREEZMRStT 52 & & LT,
750Nm3/h # % & E L7285 121%. Bio-CNG 149 3,200t/4F 0 4 jE & 3

RIAD D,

COz HEHIHI & A2 E T 272D 1T, Bio-gas O & O KK HIZ B
FoH2AZREMREEY 77 L AHELE Lz, UV 77 Lo AYEH R
A & Ak 5y 68,000t-CO2/y & HL I F T D 1k A BRI 4> 9,047
t-CO2/y, & COEBNEHEICL D2 7YY =7 MHEH EIT 954
t-COsly, T DS & LT AL iR P H A EIX 76,093 t-CO2/y &
Hanik,

M3 60 B D EMLER

7 I A R Fi5 BB AT — v a v
= TE k& JiEE 7T50Nm3/h-BG Storage 7ton/d
40,000Nm3/d-BG 5 404kg/h-CBG | Dispenser 1 #:-2 /
v
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Xz 61 B#Hoo _B{RFFEHHBERE BT =4V 7EHLEE

T=XY v /A Bl HR HiL

Bio-CNG £ [t/y] 3,200 KB AT A B

CNG Hifir % 2\ & [GJ/t] 50.4 IPCC2006 TABLE 1.2

CNG #E Hi 2 % [t-CO2/GJ] 0.0561 IPCC2006 TABLE 3.2.1
A AR E () [t-CO2/MWh] | 0.5477 Thailand Greenhouse Gas

Management Organization

[ The Study of emission
factor for an electricity
system in Thailand
2009_Table 10 Calculated

Combined Margin Emission

Factor]

*: [ General project] ® BM (E /L b - v —Y V) OFEZFAH, OM (XL —F 1 7 -
~—Y ) 0.6147 & CM (2> A4 v K+« ~<=—T ) 0.5812 L L., &b EMENPEN
BM (B bk =—22) 0.47TT O MEZR WS 2L T, JCMDEZXH TH HHESFEDOHE

T & file £F

K 62 Bt _BMARIRHHEIBEORERER

TERAL PR 2 HF HOHI R Uy 77y Ly AgHE|Te Y MEHE
[t-CO2/y] [t-CO2/y] [t-CO2/y]

76,093 77,047 954

JCM Project Design Document Form

A. Project description

A.1l. Title of the JCM project

Refining Bio-CNG from organic waste at Biomass Plant for using as fuels of NGV

in Thailand.
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A.2. General description of project and applied technologies and/or measures

The proposed JCM project aims to achieve GHG emission reduction by capturing
CH: from anaerobic digestion system with organic waste (e.g. waste water and
processing residues) at Biomass Plant and purify to Bio-CNG (Compressed Natural
Gas), which are used for NGV (Natural Gas Vehicle) in Thailand.

It is to achieve GHG emission reduction through the following 2 activities.

1) Avoiding CH,4 emissions by recovering biogas using organic waste at Biomass
Plant.

2) Reducing consumption of fossil fuel by using Bio-CNG for vehicle.

The key technology of purifying to Bio-CNG is Hybrid type CO, removal system

combining Pressure Swing Adsorption and Gas Separation Membrane.

A.3. Location of project, including coordinates

Country Kingdom of Thailand

Region/State/Province etc.: TBD

City/Town/Community etc: TBD

Latitude, longitude TBD

A.4. Name of project participants

The Kingdom of Thailand Participant B

Japan Osaka Gas Co., Ltd.

A.5. Duration

Starting date of project operation 2018
Expected operational lifetime of project 10 years

A.6. Contribution from Japan

The state-of-the-art technology of purifying to Bio-CNG which has been

developed by the Japanese project participant is introduced in the
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proposed project. The Japanese project participant transfers the

technology through training to the Thailand project participants.

The Japanese side provides financial support to the project.

B. Application of an approved methodology(ies)

B.1. Selection of methodology(ies)

Selected approved methodology No. Proposed methodology :

Refining Bio-CNG from
organic waste at Biomass Plant

for using as fuels of NGV in

Thailand.
Version number Ver. 01.0
Selected approved methodology No. N/A
Version number N/A
Selected approved methodology No. N/A
Version number N/A

B.2. Explanation of how the project meets eligibility criteria of the approved

methodology

Eligibility | Descriptions specified in the | Project information

criteria methodology

Criterion 1 | The project is to capture | The project participant plan to
CH4 from anaerobic | capture CHs from anaerobic
digestion system with | digestion system with organic

organic waste (e.g. waste | waste at Biomass Plant and

water and

processing
residues) at Biomass Plant
Bio-CNG

and purify to

purify to Bio-CNG (Compressed
Natural Gas), which are used for

NGV (Natural Gas Vehicle) in
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(Compressed Natural Gas), | Thailand.
which are used for NGV
(Natural Gas Vehicle) in
Thailand.
Criterion 2 | Organic waste from Biomass | Organic waste from Biomass

Plant is not used for Energy
or Materials.

( e.g. Waste water is

discharged into river,

captured CHa4 1is released

into atmosphere, and
process residue is landfilled

or left in the field.)

Plant is not used for Energy or

Materials.

Criterion 3

The technology of purifying
to Bio-CNG i1s Hybrid type
CO2 removal system
combining Pressure Swing
Gas

Adsorption and

Separation Membrane.

The project participant plan to
apply the technology of purifying
to Bio-CNG which is Hybrid type
CO2 removal system combining
Pressure Swing Adsorption and

Gas Separation Membrane.

Criterion 4

The off-gas discharged from
PSA is recycled.

The project participant plan to

reuse the off-gas discharged

from PSA.

Criterion 5

Plant to the

apply
international or national
qualification standard of
Bio-CNG for using NCV is

prepared.

The project participant plan to

the international

apply
qualification standard of

Bio-CNG for using NCV
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C. Calculation of emission reductions

C.1. All emission sources and their associated greenhouse gases relevant to the

JCM project

Reference emissions

Emission sources GHG type
Methane emissions from decay of organic waste CH4
Fossil fuel consumption by Natural Gas Vehicle CO2
Project emissions

Emission sources GHG type
Electricity consumption by anaerobic digestion system CO2
Electricity consumption by upgrading system for Bio-CNG CO2
Electricity consumption by refueling station for Bio-CNG COg

C.2. Figure of all emission sources and monitoring points relevant to the JCM

project

UASBD

Waste Upgrading
water Bio-gas plant Bio-CNG
UASB@ @ Electricity
consumption

M1: Bio-CNG consumption by transport applications

M2: Electricity consumption by upgrading system

M3: Electricity consumption by refueling station

Electricity
consumption

Trucks of

Refueling @ your

station

@

contracting
transporters

Bio-CNG

C.3. Estimated emissions reductions in each year

Year Estimated Reference | Estimated Project | Estimated Emission
emissions (tCOy) Emissions (tCO,,) Reductions (tCO,)

2018 | 77,047 954 76,093

2019 | 77,047 954 76,093

2020 77,047 954 76,093
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Total | 231,141 2,862 228,279
(tCO2

D. Environmental impact assessment

Legal requirement of environmental impact | To be confirmed later

assessment for the proposed project

E. Local stakeholder consultation

E.1. Solicitation of comments from local stakeholders

Project participants plan to implement the local stakeholder consultation at the

start of the demonstration project.

E.2. Summary of comments received and their consideration

Stakeholders | Comments received Consideration of comments
received
TBD TBD TBD

F. References

Reference lists to support descriptions in the PDD, if any.
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Revision history of PDD

Version Date Contents revised

01.0 17/02/2017 First Edition

Uk
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BIRE R 1
Joint Crediting Mechanism Proposed Methodology Spreadsheet Form (input

sheet) [Attachment to Proposed Methodology Form]

JCM_TH_F_PMS_ver01.0

ology Spreadsheet F input sheet) [Attachment to Prc

(©) (©)] (©) (U] ()] (W] (0] @)

Monitoring | o, o meters Description of data EEMEEE | | RIS || SOUCDE Measurement methods and procedures MEmEing | Eliber
point No. Values option data frequency ' comments
Bio-CNG consumption by " o
S . y monitored Measured by gas flow meter certified in line with .
1 FCaio-cNgip transpo_rt application (j) during tlp Option C data intemationalinational standards. Continuously |N/A
the period p
Bio-CNG consumption by " P .
S . y monitored Measured by gas flow meter certified in line with
2 Rcha giocng lranqurt application (j) during tp Option C data international/national standards. Continuously |N/A
the period p
Weight of processing residue Continuously Input on
3 w, putting into anaerobic t Option C monitored Measured in wet basis by mesurement equipments certified in line |and "P‘:\ns(in )
b=t digestion system during the P data with international/national standards. aggregated @r shesl
period p monthly
The N™ month from the first monitored | COUNt the number of the month (N month) from the first disposal,
° p_start disposal, which is the first 13 |- Option C data which is the first month of the period p. If that month is smaller than |- N/A
month of the period p 14 and p_end is larger than 13, p_start is set at 14.
The N month from the first . "
_ p_end e B i ol Option € monitored Co}unt_the number of the month (N month) from the first disposal, NA
y data which is the last month of the period p.
month of the period p
Electricity consumption by . I )
2 y y by el ty meter certified in line with "
4 ECuwp ana_erobu: dlggstlon system 0|MWh/p Option C data internationalinational standards. Continuously |N/A
during the period p
Electricity consumption by
. . y by y meter certified in line with .
5] ECupgradingp J system during the 0|MWh/p Option C data internationalinational standards. Continuously |N/A
period p
Electricity consumption by . e .
- " . by ty meter certified in line with
6 ECreteingp ;e;:;:(l;ng station during the 0|MWh/p Option C data intemational/national standards. Continuously |N/A

Table 2: Project-specific parameters to be fixed ex ante
@) (b) (c) (d) (©) ®)

Parameters Description of data Ei;g:‘ael:d Units Source of data Other comments
Rcrapioons  |Rate of CH4 content of Bio-CNG by volume 0.85 |- The specifications of system for quotation or the factory test data by . N/A
GWPcg Global Warming Potential for CH4 25|- 2006 IPCC Guidelines for National Greenhouse Gas Inventories N/A
ReHa,residue Rate of CH4 gasification from processing residue - The specifications of system for quotation or the factory test data by g N/A
MCF Methane correction factor 1.0 |- Select from the default values N/A
OX Oxidation factor 0.1 |- Select from the default values N/A
NCVers Net calorific value of CNG 50.40 |GIt \(;':GC I:\e/(;ﬁ:::es provided in table 3.2.1 of Ch.1 Vol.2 of 2006 IPCC Guidelines for National NA
EFens CO2 emission factor of CNG 0.0561 [{CO,/GJ g:@clt:‘:f:nl:gr\i/::es provided in table 1.4 of Ch.1 Vol.2 of 2006 IPCC Guidelines for National NA
ra  Conesiomiwo oo deStet | 77 omn |1t e s gt e Su o isr et o

estimation of CO, emission reductions
mission reductions ts

#DIV/0![tCO,/p

[Monitoring option]

[option A [Based on public data which is measured by entities other than the project participants (Data used: publicly recognized data such as statistical data and |
[optionB [Based on the amount of transaction which is meastred directly using measuring (Data used: evidence such as invoices) |
[optionc [Based on the actual using measuring (Data used: measured values) |
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CM Proposed Methodology

JCM_TH_F_PMS_ver01.0
eet Form (input sheet)

[Attachment to Proposed Methodology Form]

Table 1: Parameters to be monitored ex post

Monitoring point No.
Parameters

Description of data

Units

Monitoring option
Source of data
Measurement methods
and procedures
Monitoring frequency
Other comments
Estimated Values

Wresidue,p

Weight of processing residue putting into anaerobic digestion system during the period p

t

Option C
monitored data
Measured in wet basis by mesurement equipments certified in line with
international/national standards.
Continuously and aggregated monthly
[ Input on "PMS(input) (2)" sheet
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JCM_TH_F_PMS_ver01.0

Joint Crediting Mechanism Proposed Methodology Spreadsheet Form (Calculation Process Sheet)

[Attachment to Proposed Methodology Form]

alculations for e onre 0 e e alue Paramete
Emission reductions during the period p N.A. #DIV/O!  [tCO,/p ER,
Methane correction factor N.A 1.0 MCF
alculations for reference e 0
Reference emissions during the period p N.A. 0.0 {tCO,/p RE,
EQ1_Reference emissions during the period p N.A. 0.0 [tCO,/p REchap
;zfzr::g::;missions from decay of organic waste during NA 0.0 |tcoylp REcrtump
Faeporenpeatms amgpepony T uswos | 00/com | Reamues
igigﬁs;e;ence emissions from decay of organic waste during NA 0.0 tCO,/p REchap
e L 00/c0 | REums
;zif;;;s?ﬁ;g::érszi;H: of processing residue into NA. 0.0|icoyp RE s estues
:Cr)nzo-sil;:;;e;ir:;(z ?rv?;s;;lzgz gom CH4 of waste water into NA 0.0 [icoyp REcsmmp
zig-;r\rligdc:nsumption by transport application (j) during NA 0.0|vp FCaneneip
Rate of CH4 content of Bio-CNG by volume N.A 0.85 |- Rehagiocne
Global Warming Potential for CH4 N.A 25|- GWP¢yy
:2]20-52;}?;?;?;:”; ?}:t:spselzgz gom CH4 of waste water into NA 0.0 [icoup REcsmmp
;ig-;r;ligdc;nsumption by transport application (j) during NA 0.0 |vp FCammenosp
Rate of CH4 content of Bio-CNG by volume N.A 0.85 |- Rehagiocne
P ooy e 00l | Wy
Rate of CH4 gasification from processing residue N.A 0.0 |- Reha residue
Global Warming Potential for CH4 N.A 250 |- GWPcyy
dEgizn-g?'%ie’f)eer::dci emissions from decay of processing residue NA 0.0 |tcoslp REcrsesduen
oyt damapermty T ewace | 00jcoup | Rewas
tBhig»;iel:li(jdc;l)nsumption by transport application (j) during NA 0.0 |vp FCancnoip
Net calorific value of CNG CNG 50.4 |GJ/t NCVene
CO2 emission factor of CNG CNG 0.1 {tCO,/GJ EFcne
4.Ca ons of the project e 0
Project emissions during the period p N.A. #DIV/O!  [tCO,/p PE,
EQ4_Reference emissions during the period p N.A. #DIV/O!  [tCO,/p PE,
e s e Doty | s [COM | P
Profet misions fom ey consumpion by B0 028 |cry T
;r;jke;r:]t ;mlr?;t:‘r;s pféﬁg]d electricity consumption by refueling electricity 0.0 [COMP | PErreain e
e o oo TN | o [0 | P
(lj_llﬁlcr:;l(;;]tye/ (;er]iz\‘;n; ption by anaerobic digestion system electricity 0.0 |tco/p ECuup
Z\ilgeeig:::) zfsi;rs();er:sing residue putting into anaerobic NA 0.0 |vp Wiessuon
Rate of CH4 gasification from processing residue N.A 0.0 |- Reha residue
tl?]i;)-;;r;lisdc;l)nsumption by transport application (j) during NA 0.0 |vp FCanonasp
CO2 emission factor of grid electricity electricity 0.5477 |tCO/MWh EFgjec
E(Lerg;i(:)ity consumption by upgrading system during the electricity 0.0 |tcolp ECupgratings
CO2 emission factor of grid electricity electricity 0.5477 |tCO,/MWh EFeiec
e o e comuTion bl
E(Ieer%‘;ir;)ity consumption by refueling station during the clectricity 0.0 |tcoslp ECrmueingp
CO2 emission factor of grid electricity electricity 0.0000 |tCO,/MWh EFeec
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[List of Default Values]

Fraction of methane captured at the SWDS and flared,
combusted or used in another manner that prevents 0 f
the emissions of methane to the atmosphere

Global Warming Potential of methane 25| GWPg,

Oxidation factor

Managed, unmanaged and uncategorised SWDS 0 OX
Managed covered with CH, oxidising material 0.1 OX
Fraction of methane in the SWDS gas 0.5 F
Fraction of degradable organic carbon that

decomposes under specific conditions occurring in 0.5 DOC;
the SWDS

Methane correction factor

Anaerobic managed SWDS 1.0 MCF
Semi-aerobic managed SWDS 0.5 MCF
Unmanaged SWDS-deep 0.8 MCF
Unmanaged-shallow SWDS or stockpiles that are 04 MCE
considered SWDS i

Fraction of degradable organic carbon (by weight) 8% DOC
Decay rate (1/year) 0.4 k
Net calorific value of the biogas (GJ/t) 50.4| NCVgg
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JCM_TH_F_PMS_ver0L0

JCM Proposed Me!

m > Wresidue,pxDOCxe ™ 9/1%x(1 ¢ i @XM 130/12y(7 g
Month
|The N month from the first
\disposal at the SWDS,
carbon
lof the period p (m =p_start) _(in month m Month x 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 El 39 40 ar a2 43 a4 a5 48
[to the last month of the period
P (m=p_end)
003 003 003 003 003 003 003 003 003 002 002 002[ 002 002 002[ 002 002] 002 002 002] 002[ 002 020 01 oo1 001 001 001l 001 o001
003 003 003 003 003 003 003 003 003 002 002 002 002 002 002 002 002 002 002 002 002 02002 001 001 001 oo1] oot 001 001]
003 003 003 003 003 003 003 003 003 00z 002 002 002 002 002 00z 002 002 002 002 002| 002 002 002 001 001 o001 oot 001 001
003 003 003 003 003 003 003 003 003 002 002 002 002 002 002 002 002 002 002 002 002 o002| 002 002 001 001 001 o001 oot X
03[ 003 003 003 003 003 003 003 002 002 002 o002 002 002 002 002 002 002 002 002 002 002 002 o001 oot 001 001 X
03| 03| 03| 03] 03| 03] 03| 03] 03| 02| 02| 02| 02| 02| 02| 02| 02| 002 0.02 02| 02| 02| 02| 01 01 01 0.C
03 003 003 003 003 003 003 003 003 002 002 002 002 002 002 002 002 002 02002 002 002 002 001 o001 X
03[ 003 003 003 003 003 003 003 003 002 002 ool 00z 002 002 002 002 02 002 002 002 002 002 001] X
03 003 003 003 003 003 003 003 003 002 o002 00z 002 002 002 002 02002 002 00| 002 002 002 X
03[ 003 003 003 003 03 03002 002 002] 002 3 02002 002 002] 002 002 002
03 003 003 003 003 003 03 003 002 002 00| 02 002 002 002 002 002 002 002 002
03003 003 003 003 003 003 003 003 002 002 ooz 002 002 002 002 002 o0o2] 00z 002 002
03 003 003 003 003 003 003 003 003 o002 ooz 002 002 002 002 002 002] 00z 002 002 X
o o 03[ 003 003 003 003 003 003 003 003 002 002 oo2] 002 002 002 002 002 002] 002 X
o 03[ 003 003 003 003 003 003 003 002 002 002 002] 002 002 002 002 002 X
o 03[ 003 003 003 003 003 003 003 003 02 002 002 002 002 002 002 X
o o 03[ 003 003 003 003 003 003 02 002 002 002 002 002 002 X
o o 03003 003 003 003 003 003 03002 002 002 002 002 002 X
[ onin 1 03 003 003 003 003 003 03003 002 002 002 002 002 X
[ \M_ (ot 03[ 003 003 03 03003 003 002 002 002 002
21 (o 03003, 030,03 003 003 003 003] 002 002 002
22| [ ont 03 03[ 003 003 003 003 002 002
23] o [ won 03003 003 003 003 003 002, X
24| 00| [ 03| 003 003 003 003 003 003 0.
25| .00) [ 03| 003 003 003 003 003 003 0.
26| 00| [ 03| 003 003 003 003 003 003 0.
27] oo M 03[ 003 003 003 003 003 X
2] [ 03003 003 003 003 X
2] [ 03[ 003 003 003 X
30| [ 030,03 _003]
31 [ 03 0.03]
32| [ ©
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O AMS-III.H: Methane recovery in wastewater treatment (Version 18.0)

@ AMS-III.E: Avoidance of methane production from decay of biomass

through controlled combustion, gasification or mechanical/ thermal

treatment (Version 17.0)

@ AMS-III.AQ.: Introduction of Bio-CNG in transportation applications

(Version 2.0)
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CLEAN DEVELOPMENT MECHANISM

AMS-III.LH

Small-scale Methodology

AMS-III.H: Methane recovery in wastewater
treatment

Version 18.0

Sectoral scope(s): 13




AMS-IIIL.H

Small-scale Methodology: AMS-IIIl.H: Methane recovery in wastewater treatment
Version 18.0

Sectoral scope(s): 13

1. Introduction

The following table describes the key elements of the methodology:
Table 1. Methodology key elements

Typical project(s) Recovery of biogas resulting from anaerobic decay of organic
matter in wastewaters through introduction of an anaerobic
treatment system for wastewater and/or sludge treatment with
biogas recovery

Type of GHG emissions GHG destruction.
mitigation action Destruction of methane emissions

2. Scope, applicability, and entry into force

2.1. Scope

This methodology comprises measures that recover biogas from biogenic organic
matter in wastewater by means of one, or a combination, of the following options:

Substitution of aerobic wastewater or sludge treatment systems with anaerobic systems
with biogas recovery and combustion;
Figure 1. Non-binding best practice example 1: Application of paragraph 2 (a)
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AMS-II1L.H

Small-scale Methodology: AMS-IIIl.H: Methane recovery in wastewater treatment
Version 18.0

Sectoral scope(s): 13

In absence of the project activity, the wastewater is treated aerobically. The project
activity aims to recover biogas using anaerobic digester and utilize it for electricity
generation using a gas engine.

Baseline
Aerobic wastewater
treatment
Treated
Untreated
wastewater
wastewater
Facility l
Discharged to sea, river or
U other water stream
Project Activity

Gas Engine
Biogas

)
Biogas

/——\ Flare

Untreated
wastewater
Anaerobic Digestor

Facility

Discharged to sea, river or

other water stream
Treated Wastewater
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AMS-II1L.H

Small-scale Methodology: AMS-IIIl.H: Methane recovery in wastewater treatment
Version 18.0

Sectoral scope(s): 13

Introduction of anaerobic sludge treatment system with biogas recovery and combustion
to a wastewater treatment plant without sludge treatment;

Figure 2. Non-binding best practice example 2: Application of paragraph 2 (b)

In absence of the project activity, wastewater is treated (aerobically or anaerobically)
without sludge treatment (e.g. the sludge is disposed anaerobically in a solid waste
disposal site without methane recovery). The project activity aims to treat the sludge in
anaerobic digester to recover biogas and to flare it or utilize it to generate electricity
using gas engines.

Baseline
Anaerobic wastewater treatment
/—\
Wastewater
Raw Wastewater Treated Wastewater
—H Primary treatment I
v
Sludge
4
(SWDS)
Project Activity
D
Sludge (Solids) after
primary treatment Flare
Recovered Biogas (CH4)
CO;, CHy4, HO
Solids to disposal
‘7
~N Gas Engine
Anaerobic Sludge
Treatment
Solids
e —
(SWDS)
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AMS-IIIL.H

Small-scale Methodology: AMS-IIIl.H: Methane recovery in wastewater treatment
Version 18.0

Sectoral scope(s): 13

Introduction of biogas recovery and combustion to a sludge treatment system;
Figure 3. Non-binding best practice example 3: Application of paragraph 2 (c)

In absence of the project activity, the biogas generated in the anaerobic digester is
vented. The project activity aims to capture and use the biogas for electricity generation
using a gas engine. The project involves the installation of gas cleaning facility, gas
engines and eventually an enclosed flaring system to burn the excess biogas. The
electricity will be used for captive use, replacing electricity from the grid.

Baseline
Biogas to
atmosphere

| I
i | I

Wastewater An.aeroblc Treated Sludge

Digestor

Primary Raw Sludge |
Sedimentation Drying beds

I Dried Sludge

Liquid Wastewater

Project Activity

Electricity for captive use

Biogas

Gas Engine

Biogas vented to the
atmosphere in the baseline

Biogas
cleaning

Introduction of biogas recovery and combustion to an anaerobic wastewater treatment
system such as anaerobic reactor, lagoon, septic tank or an on-site industrial plant;®

Introduction of anaerobic wastewater treatment with biogas recovery and combustion,
with or without anaerobic sludge treatment, to an untreated wastewater stream;

6 Other technologies in Table 6.3 of Chapter 6: Wastewater Treatment and Discharge of 2006
IPCC Guidelines for National Greenhouse Gas Inventories are included.
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AMS-IIIL.H

Small-scale Methodology: AMS-IIIl.H: Methane recovery in wastewater treatment
Version 18.0

Sectoral scope(s): 13

Introduction of a sequential stage of wastewater treatment with biogas recovery and
combustion, with or without sludge treatment, to an anaerobic wastewater treatment system
without biogas recovery (e.g. introduction of treatment in an anaerobic reactor with biogas
recovery as a sequential treatment step for the wastewater that is presently being treated in an
anaerobic lagoon without methane recovery).

Figure 4. Non-binding best practice example 4: Application of paragraph 2 (f)

In absence of the project activity, the wastewater would have been treated in anaerobic
open lagoons. The project activity involves the installation of a new stage in the
wastewater system (for example CSTR reactor in the figure below); the wastewater is
treated sequentially in a sump tank, then treated in the biogas reactor with methane
recovery and it's utilization for electricity generation, without sludge separation, and
finally treated by the existing series of anaerobic open lagoons.

Baseline

Methane released to the atmosphere
P Methane released to the atmosphere

11 L1

Influent Effluent
- ) —_ e S

Open Lagoon Open Lagoon

Project Activity

Biogas

Electricity exported to grid

Gas Engine

Desulphurization and
dehumidification unit

Jlnﬂuent

Sump Tank

Biogas

CSTR Reactor

Effluent Effluent

Open Lagoon

Open Lagoon

For plantation watering

2.2. Applicability
In cases where baseline system is anaerobic lagoon the methodology is applicable if:

The lagoons are ponds with a depth greater than two meters, without aeration. The
value for depth is obtained from engineering design documents, or through direct measurement,
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AMS-IIIL.H

Small-scale Methodology: AMS-IIIl.H: Methane recovery in wastewater treatment
Version 18.0

Sectoral scope(s): 13

or by dividing the surface area by the total volume. If the lagoon filling level varies seasonally, the
average of the highest and lowest levels may be taken;

Ambient temperature above 15°C, at least during part of the year, on a monthly average
basis;

The minimum interval between two consecutive sludge removal events shall be
30 days.

The recovered biogas from the above measures may also be utilised for the following
applications instead of combustion/flaring:

Thermal or mechanical,” electrical energy generation directly;

Thermal or mechanical, electrical energy generation after bottling of upgraded biogas, in
this case additional guidance provided in the appendix shall be followed; or

Thermal or mechanical, electrical energy generation after upgrading and distribution, in
this case additional guidance provided in the appendix shall be followed:

Upgrading and injection of biogas into a natural gas distribution grid with no significant
transmission constraints;

Upgrading and transportation of biogas via a dedicated piped network to a group of end
users; or

Upgrading and transportation of biogas (e.g. by trucks) to distribution points for end
users;

Hydrogen production;
Use as fuel in transportation applications after upgrading.

If the recovered biogas is used for project activities covered under paragraph 4(a), that
component of the project activity can use a corresponding methodology under Type I.

For project activities covered under paragraph 4(b), if bottles with upgraded biogas are
sold outside the project boundary, the end-use of the biogas shall be ensured via a contract
between the bottled biogas vendor and the end-user. No emission reductions may be claimed
from the displacement of fuels from the end use of bottled biogas in such situations. If, however,
the end use of the bottled biogas is included in the project boundary and is monitored during the
crediting period CO, emissions avoided by the displacement of fossil fuel can be claimed under
the corresponding Type | methodology, e.g. “AMS-1.C.: Thermal energy production with or
without electricity”.

For project activities covered under paragraph 4(c)(i), emission reductions from the
displacement of the use of natural gas are eligible under this methodology, provided the
geographical extent of the natural gas distribution grid is within the host country boundaries.

7 For example combusted in a prime mover such as an engine coupled to a machine such as
grinding machine.
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For project activities covered under paragraph 4(c)(ii), emission reductions for the
displacement of the use of fuels can be claimed following the provision in the corresponding
Type | methodology, e.g. AMS-I.C.

In particular, for the case of paragraph 4(b) and (c)(iii), the physical leakage during
storage and transportation of upgraded biogas, as well as the emissions from fossil fuel
consumed by vehicles for transporting biogas shall be considered. Relevant procedures in
paragraph 18 of the appendix of “AMS-IIl.H.. Methane recovery in wastewater treatment” shall
be followed in this regard.

For project activities covered under paragraph 4(b) and (c), this methodology is
applicable if the upgraded methane content of the biogas is in accordance with relevant national
regulations (where these exist) or, in the absence of national regulations, a minimum of 96 per
cent (by volume).

If the recovered is utilized for the production of hydrogen (project activities covered
under paragraph 3(d)), that component of the project activity shall use the corresponding
methodology “AMS-I111.0.: Hydrogen production using methane extracted from biogas”.

If the recovered biogas is used for project activities covered under paragraph 4(e), that
component of the project activity shall use corresponding methodology “AMS-IIILAQ.:
Introduction of Bio-CNG in transportation applications”.

New facilities (Greenfield projects) and project activities involving a change of
equipment resulting in a capacity addition of the wastewater or sludge treatment system
compared to the designed capacity of the baseline treatment system are only eligible to apply
this methodology if they comply with the relevant requirements in the “General guidelines for
SSC CDM methodologies”. In addition the requirements for demonstrating the remaining lifetime
of the equipment replaced, as described in the general guidelines shall be followed.

Box 1. Non-binding best practice example 5: Application of “General guidelines to SSC CDM
methodologies” as per paragraph 13

New facilities (Greenfield projects) and project activities involving capacity addition
should follow step-wise approach (step 1 to step 4) in accordance with the “General
guidelines to SSC CDM methodologies”.

In regard to the application of Step 1 under paragraph 19 of “General guidelines to
SSC CDM methodologies”, EB 61 Annex 21 (i.e. ldentify the various alternatives
available to the project proponent that deliver comparable levels of service), practices
carried out in the industry or similar industry should also be considered.

For a project activity involving capacity addition, e.g. because the industrial process
increases its production capacity, the continuation of the current practice can be an
available alternative if it is demonstrated that it is able to attend the increasing quantity
of wastewater from the production facility and/or the difference of the quality of the
inflowing wastewater. For example, if the existing practice is the use of anaerobic
lagoons, it needs to be demonstrated that there is enough land area available in the
neighboring terrains, adequate to be used for increasing the size or to build new
lagoons such as to attend the increased capacity for wastewater treatment plant using
the same technology.
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The location of the wastewater treatment plant as well as the source generating the
wastewater shall be uniquely defined and described in the PDD.

Measures are limited to those that result in aggregate emissions reductions of less than
or equal to 60 kt CO, equivalent annually from all Type Ill components of the project activity.

2.3. Entryinto force

The date of entry into force is the date of the publication of the EB 86 meeting report on
16 October 2015.

3. Normative references

Project participants shall apply the “General guidelines for SSC CDM methodologies
and information on additionality (attachment A to Appendix B) provided at
<http://cdm.unfccc.int/methodologies/SSCmethodologies/approved.html> mutatis mutandis.

This methodology also refers to the latest approved versions of the following approved
methodologies and methodological tools:

“AMS-I.C.: Thermal energy production with or without electricity”;
“AMS-III.H.: Methane recovery in wastewater treatment”;

“AMS-I11.0.: Hydrogen production using methane extracted from biogas”;
“AMS-III.AQ.: Introduction of Bio-CNG in transportation applications”;
“AMO0053: Biogenic methane injection to a natural gas distribution grid”;
“Project emissions from flaring”;

“Tool to calculate baseline, project and/or leakage emissions from electricity
consumption”;

“Tool to calculate project or leakage CO, emissions from fossil fuel combustion”;

“Emissions from solid waste disposal sites”.

4. Definitions

The definitions contained in the Glossary of CDM terms shall apply.

5. Baseline methodology

5.1. Project boundary

The project boundary is the physical, geographical site where the wastewater and
sludge treatment takes place, in the baseline and project situations. It covers all facilities affected
by the project activity including sites where processing, transportation and application or disposal
of waste products as well as biogas takes place.

Implementation of the project activity at a wastewater and/or sludge treatment system
will affect certain sections of the treatment systems while others may remain unaffected. The
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treatment systems not affected by the project activity, i.e. sections operating in the project
scenario under the same operational conditions as in the baseline scenario (e.g. wastewater
inflow and COD content, temperature, retention time, etc.), shall be described in the PDD, but
emissions from those sections do not have to be accounted for in the baseline and project
emission calculations (since the same emissions would occur in both baseline and project
scenarios).? The assessment and identification of the systems affected by the project activity will
be undertaken ex ante, and the PDD shall justify the exclusion of sections or components of the
system. The treatment systems (lagoons, reactors, digesters, etc.) that will be covered and/or
equipped with biogas recovery by the project activity, but continue to operate with the same
quality of feed inflow, volume (retention time), and temperature (heating) as in the baseline
scenario, may be considered as not affected i.e. the methane generation potential® remains
unaltered.

5.2. Additionality
The following project activities are deemed additional if it is demonstrated that:

The existing treatment system is an anaerobic lagoon and waste water discharged
meets the host country legislation; and

There is no regulation in the host country, applicable to the project site that requires the
management of biogas from domestic, industrial and agricultural sites.

This additionality condition does not apply to Greenfield project activities.

Furthermore, for project activities applying this methodology in combination with a Type
| methodology, that has an energy component whose installed capacity is less than 5 MW, this
procedure for additionality demonstration also applies to that component.

The above simplified additionality demonstration is valid for three years from the date of
entry into force of Version 17.0 of AMS-III.H. on the date of the publication of the EB 81 meeting
report on 28 November 2014; the CDM Executive Board may reassess the validity of the
simplified additionality demonstration and extend or update it if needed. Any update does not
affect the projects that request registration as a CDM project activity or a programme of activities
by 28 November 2017 (i.e. three years from the date of entry into force) and apply the simplified
additionality demonstration contained in Version 17.0 of AMS-I11.H.

5.3. Baseline

Wastewater and sludge treatment systems equipped with a biogas recovery facility in
the baseline shall be excluded from the baseline emission calculations.

Baseline emissions for the systems affected by the project activity may consist of:

Emissions on account of electricity or fossil fuel used (BEpowery);

8 As per EB 22, annex 2 “Guidance regarding methodological issues” section E.

9 The covering of lagoons and the installation of biogas recovery equipment may result in
changes in the operational conditions (such as temperature, COD removal, etc.) of an
anaerobic treatment system. These changes are considered small and hence not accounted for
under this methodology.
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Methane emissions from baseline wastewater treatment systems (BE,w,reatmenty);
Methane emissions from baseline sludge treatment systems (BEs yeatmenty);

Methane emissions on account of inefficiencies in the baseline wastewater treatment
systems and presence of degradable organic carbon in the treated wastewater discharged into
river/lake/sea (BEw gischarge.y);

Methane emissions from the decay of the final sludge generated by the baseline
treatment systems (BEs finay)-

BEy = {BEpower,y + BEww,treatment,y + BEs,treatment,y + BEww,discharge,y Equation (1)

+ BEs,final,y}

Where:

BE, = Baseline emissions in year y (t CO.e)

BEpower,y = Baseline emissions from electricity or fuel consumption in year y
(t COze)

BEw,treatment,y = Baseline e_missions_ of_ the wastewater treatment systems affected
by the project activity in year y (t CO»e)

BE; treatment,y = Baselin_e emis_si_on_s of the sludge treatment systems affected by
the project activity in year y (t COe)

BE,w,discharge,y = Baseline methane emis_sions from _degradablfe organic .carbon in
treated wastewater discharged into sealriver/lake in yeary
(t CO.e). The value of this term is zero for the case 1(b)

BE; finaly = Baseline methane emissions from anaerobic decay of the final

sludge produced in yeary (t CO.e). If the sludge is controlled
combusted, disposed in a landfill with biogas recovery, or used for
soil application in the baseline scenario, this term shall be
neglected

Baseline emissions from electricity and fossil fuel consumption (BEjowery) are
determined as per the procedures described in the “Tool to calculate baseline, project and/or
leakage emissions from electricity consumption” and “Tool to calculate project or leakage CO,
emissions from fossil fuel combustion”, respectively. The energy consumption shall include all
equipment/devices in the baseline wastewater and sludge treatment facility. If recovered biogas
in the baseline is used to power auxiliary equipment it should be taken into account accordingly,
using zero as its emission factor.

Methane emissions from the baseline wastewater treatment systems affected by the
project (BEw,reamenty) are determined using the COD removal efficiency of the baseline plant:
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BE\w treatment,y Equation (2)

= Z(wa,i,y X CODinflow,i,y X Ncop,BL,i
i

X MCFww,treatment,BL,i) X Bo,ww X UFBL X GWPCH4

Where:

Qww,iy = Volume of wastewater treated in baseline wastewater
treatment systemi in yeary (m°). For ex ante estimation,
forecasted wastewater generation volume or the designed
capacity of the wastewater treatment facility can be used.
However, the ex post emissions reduction calculation shall be
based on the actual monitored volume of treated wastewater

CODinfiow,iy = Chemical oxygen demand of the wastewater inflow to the
baseline treatment systemi in yeary (tm°). Average value
may be used through sampling with the confidence/precision
level 90/10

Ncop,BL,i = COD removal efficiency of the baseline treatment system i,
determined as per the paragraphs 38, 39 or 40 below

MCFyy treatmentBLi = Methane correction factor for baseline wastewater treatment
systems i (MCF values as per Table 2 below)

i = Index for baseline wastewater treatment system

Boww = Methane producing capacity of the wastewater (IPCC value of
0.25 kg CH4/kg COD)*

UFg, = Model correction factor to account for model uncertainties
(0.89)"

GWPcys = Global Warming Potential for methane

If the baseline treatment system is different from the treatment system in the project
scenario, the monitored values of the COD inflow during crediting period will be used to calculate
the baseline emissions ex post.

The Methane Correction Factor (MCF) shall be determined based on the following table:

10 Project activities may use the default value of 0.6 kg CH4/kg BOD, if the parameter BODs 2 is
used to determine the organic content of the wastewater. In this case, baseline and project
emissions calculations shall use BOD instead of COD in the equations, and the monitoring of
the project activity shall be based in direct measurements of BODs 20, 1.e. the estimation of
BOD values based on COD measurements is not allowed.

11 Reference: FCCC/SBSTA/2003/10/Add.2, page 25.
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Table 2. IPCC default valuesi? for Methane Correction Factor (MCF)
Type of wastewater treatment and discharge MCE value
pathway or system

Discharge of wastewater to sea, river or lake 0.1

Land application 0.1
Aerobic treatment, well managed 0.0
Aerobic treatment, poorly managed or 0.3
overloaded

Anaerobic digester for sludge without methane 0.8
recovery

Anaerobic reactor without methane recovery 0.8
Anaerobic shallow lagoon (depth less than 2 0.2
metres)

Anaerobic deep lagoon (depth more than 2 0.8
metres)

Septic system 0.5

Land application = 0.1

Methane emissions from the baseline sludge treatment systems affected by the project
activity are determined using the methane generation potential of the sludge treatment systems:

E ion
BEreatment.s.y = 2 Sj Ly X MCFg treqtment,pL,j X DOCs X UFp, X DOCp quation (3)
Jj

X F X 16/12 X GWPgy4

Where:

SiBLy = Amount of dry matter in the sludge that would have been treated
by the sludge treatment system j in the baseline scenario (t). For
ex ante estimation, forecasted sludge generation volume or the
designed capacity of the sludge treatment facility can be used.
However, the ex post emissions reduction calculation shall be
based on the actual monitored volume of treated sludge

j = Index for baseline sludge treatment system

12 Default values from chapter 6 of volume 5. Waste in 2006 IPCC Guidelines for National
Greenhouse Gas Inventories.

13 Please refer SSC_664, “Clarification on methane correction factors for treated water used for
irrigation under AMS-III.H ver. 16”.
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DOC = Degradable organic content of the untreated sludge generated in
° the year y (fraction, dry basis). Default values of 0.5 for domestic
sludge and 0.257 for industrial sludge shall be used

MCF; trearments,j = Methane correction factor for the baseline sludge treatment
system j (MCF values as per Table 2 above)

UFR, = Model correction factor to account for model uncertainties (0.89)

DOC. = Fraction of DOC dissimilated to biogas (IPCC default value of
0.5)

F = Fraction of CH, in biogas (IPCC default of 0.5)

If the sludge is composted, the following equation shall be applied:

BEs,treatment,y = zsj,BL,y x EFcomposting>< GWF)CH4 Equatlon (4)
j

Where:

EF omposting = Emission factor for composting organic waste (t CH,/t waste

treated). Emission factors can be based on facility/site-specific
measurements, country specific values or IPCC default values
(Table 4.1, chapter 4, Volume 5, 2006 IPCC Guidelines for
National Greenhouse Gas Inventories). IPCC default value is 0.01 t
CH,/ t sludge treated on a dry weight basis

If the baseline wastewater treatment system is different from the treatment system in the

project scenario, the sludge generation rate (amount of sludge generated per unit of COD
removed) in the baseline may differ significantly from that of the project scenario. For example, it
is known that the amount of sludge generated in aerobic wastewater systems is larger than in
anaerobic systems, for the same COD removal efficiency. Therefore, for these cases, the
monitored values of the amount of sludge generated during the crediting period will be used to
estimate the amount of sludge generated in the baseline, as follows:

s = . SCRa Equation (5)
jBL,y — “I,PJy
SGR;,
Where:
Sip)y = Amount of dry matter in the sludge treated by the sludge treatment
system i in year y in the project scenario (t)
SGRg; = Sludge generation ratio of the wastewater treatment plant in the

baseline scenario (tonne of dry matter in sludge/t COD removed).
This ratio will be determined as per paragraphs 38, 39 or 40 below

14 The IPCC default values of 0.05 for domestic sludge (wet basis, considering a default dry
matter content of 10 per cent) or 0.09 for industrial sludge (wet basis, assuming dry matter
content of 35 per cent), were corrected for dry basis.
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SGRp, = Sludge generation ratio of the wastewater treatment plant in the
project scenario (tonne of dry matter in sludge/t COD removed).
Calculated using the monitored values of COD removal (i.e.
CODinfiow,; Minus CODgyiow,) @nd sludge generation in the project
scenario

Methane emissions from degradable organic carbon in treated wastewater discharged
in e.g. a river, sea or lake in the baseline situation are determined as follows:

BE\w,discharge,y Equation (6)

= wa,y X GWPcyg X Bo,ww X UFgy,

X COwa,discharge,BL,y X MCFWW,BL,discharge

Where:

Quww,y = Volume of treated wastewater discharged in year y (m°)

UFg, = Model correction factor to account for model uncertainties
(0.89)

CODyw gischarge,sLy = Chemical oxygen demand of the treated wastewater discharged
into sea, river or lake in the baseline situation in the yeary
(Um). If the baseline scenario is the discharge of untreated
wastewater, the COD of untreated wastewater shall be used

MCF,w gL aischarge = Methane correction factor based on discharge pathway in the

baseline situation (e.g. into sea, river or lake) of the wastewater
(fraction) (MCF values as per Table 2 above)

To determine CODy gischargesLy: If the baseline treatment system(s) is different from the
treatment system(s) in the project scenario, the monitored values of the COD inflow during
crediting period will be used to calculate the baseline emissions ex post. The outflow COD of the
baseline systems will be estimated using the removal efficiency of the baseline treatment
systems, estimated as per paragraphs 38, 39 or 40 below.

Methane emissions from anaerobic decay of the final sludge produced are determined
as follows:

BE finay = Srinaipry X DOCs X UFg, X MCFs gy, finqr X DOCp X F Equation (7)
X 16/12 X GWP;ya
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Where:

Sfinal,BLy = Amount of dry matter in the final sludge generated by the baseline
wastewater treatment systems in the yeary (t). If the baseline
wastewater treatment system is different from the project system, it
will be estimated using the monitored amount of dry matter in the
final sludge generated by the project activity (Stinaps,y) cOrrected for
the sludge generation ratios of the project and baseline systems as
per equation (5) above

MCF gy, finai = Methane correction factor of the disposal site that receives the final
sludge in the baseline situation, estimated as per the procedures
described in the methodological tool “Emissions from solid waste
disposal sites”

UFg, = Model correction factor to account for model uncertainties (0.89)

In determining baseline emissions using equation (1), historical records of at least one
year prior to the project implementation shall be used. This shall include for example the COD
removal efficiency of the wastewater treatment systems, the amount of dry matter in sludge,
power and electricity consumption per m® of wastewater treated the amount of final sludge
generated per tonne of COD removed, and all other parameters required for determination of
baseline emissions.

For wastewater treatment plant that has been operating for at least three years and if
one year of historical data is not available, the following procedures shall be followed:

All the available data in determining the required parameters (COD removal efficiency,
specific energy consumption and specific sludge production) shall be used to determine the
baseline emissions in year y;

An ex ante measurement campaign shall be implemented to determine the required
parameters (COD removal efficiency, specific energy consumption and specific sludge
production). The measurement campaign shall be implemented in the baseline wastewater
systems for at least 10 days. The measurements should be undertaken during a period that is
representative for the typical operation conditions of the systems and ambient conditions of the
site (temperature, etc). Average values from the measurement campaign shall be used and the
result shall be multiplied by 0.89 to account for the uncertainty range (30 per cent to 50 per cent).
The parameters from the measurement campaign are used to calculate the baseline emission in

yeary,

The baseline emissions in year y is taken as the minimum between the result of (a) and

(b).
Box 2. Non-binding best practice example 6: Ex-ante measurement campaign for existing
facilities as per paragraph 39 (a) and (b)
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The project activity involves the installation of a UASB digester in a palm oil industry to
recover and utilize biogas. In the pre-project scenario, the wastewater was being treated
in an existing anaerobic open lagoon system.

Partial historical COD data for the treatment system is available; therefore, an ex-ante
measurement campaign has been carried out to determine the required parameters
(CODinflow,y, CODoutflow,y, nCOD,BL and Qww,y) to calculate the baseline emissions in
year y. The average value of the baseline emissions obtained through measurement
campaign was lower than the historical value, therefore, the minimum value was taken
up for ex-ante calculation (see paragraph of 39 (c)).

The average baseline emissions value measured is thereafter multiplied by 0.89 to
account for the uncertainty in accordance with the methodology paragraph 39 (b). During
the 10-days COD-measurement campaign, the inflow and the outflow COD content of the
open lagoon was measured. The efficiency was estimated as the quotient between the
removal capacity and the inflow.

Table 1: Average value of the 10 days COD -measurement campaign may be
demonstrated as follows:

COD COD COD Water Air Amount of
content | content content temp. Tempe-rature | wastewater
before after before before per ton of
open open released to | covered product
lagoon | lagoon the river lagoon

Unit (mg/L) | (mg/L) (mg/L) (C) (eC) (m3/t)

Average | 9558 3239 117 27.7 26.3 26.26

10 days

External data obtained from other wastewater treatment plants or registered PDDs are
not allowed.

I
n the case of Greenfield and capacity addition projects, or existing plant without three year
operating history, the following procedures shall be used to determine the baseline emissions:

For existing plant without three year operating history, procedures in paragraph 39 shall
be followed;

For Greenfield and capacity addition projects, one of the following procedures shall be
used:

Value obtained from a measurement campaign in a comparable existing wastewater
treatment plant i.e. having similar environmental and technological circumstances for example
treating similar type of wastewater. Average values from the measurement campaign shall be
used and the result shall be multiplied by 0.89 to account for the uncertainty range (30 per cent
to 50 per cent) associated with this approach. The treatment plant and wastewater source can be
considered as similar as the baseline plant, whereby the measurement campaign can be
implemented when following conditions can be fulfilled:
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The two sources of wastewater (wastewater treated in the selected
plant and from the project activity) are of the same type, e.g. either
domestic or industrial wastewater;

The selected plant and the baseline plants employ the same
treatment technology (e.g. anaerobic lagoons or activated sludge),
and the hydraulic retention times in their biological and physical
treatment systems do not vary by more than 20 per cent; and

For project activity treating industrial wastewater, both industries
have the same raw material and final products, and apply the same
industrial technology. Alternatively, different industrial wastewaters
may be considered as similar if the following requirements are
fulfilled:

The ratio COD/BOD (related to the proportion of biodegradable organic matter) does not differ by
more than 20 per cent; and

The ratio total COD/soluble COD (related to the proportion of suspended organic matter, and
therefore to the sludge generation capacity) does not differ by more than 20 per cent.

Value provided by the manufacturer/designer of a Greenfield wastewater treatment
plant using the same technology, demonstrated to be conservative, e.g. average values from the
top 20 per cent plants with lowest emission rate per tonne COD removed among the plants
installed in the last five years designed for the same country/region to treat the same type of
wastewaters as the project activity.

Box 3. Non-binding best practice example 7: Ex-ante measurement campaign for greenfield
projects as per paragraph 40 (b) (i)
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This is a greenfield project which aims to build and operate a biogas plant that will
process Palm Oil Mill Effluent (POME) from a new palm oil mill. The recovered biogas
will be used to generate electricity in two units of 609 kWe biogas engines for the mill’s
own consumption.

The project activity only claims emission reductions from baseline emissions of the
wastewater treatment system affected by the project activity. Other values such as
electricity consumption, sludge generation etc. are not included in the baseline
calculation and no emission reductions are claimed for the potential emissions that
could be reduced.

Since this is a greenfield project, the estimation of COD values shall be based on
paragraph 40 (b) of the methodology

The estimated COD values for the conventional open lagoon wastewater treatment
system are obtained from a measurement campaign for a similar registered CDM
project with all the baseline data clearly depicted in the PDD. The average values from
the measurement campaign are multiplied by 0.89 to account for the uncertainty. The
treatment plant and wastewater source is considered as similar as the baseline plant
based on the following facts:

a) POME is the type of wastewater treated in the selected CDM project and from
the proposed project activity. So both of the plants are treating same type of
wastewater.

b) The selected CDM project and the baseline plants employ the same treatment
technology, which is comprised of a cooling/ acidification pond, anaerobic
lagoons, aerobic lagoons. The hydraulic retention time for the selected plant in
the CDM project is about 90 days, and the baseline plant of the proposed project
activity is 106 days. The difference is no more than 20%.

¢) The baseline plant of the selected CDM project and the proposed project activity
are treating POME. Both of the mills process raw FFBs and produce crude palm
oil.

5.4. Project emissions

Project emissions consists of:

CO, emissions from electricity and fuel used by the project facilities ( PE ., );

Methane emissions from wastewater treatment systems affected by the project activity,
and not equipped with biogas recovery in the project scenario ( PE

ww,treatment, y ) ;

Methane emissions from sludge treatment systems affected by the project activity, and
not equipped with biogas recovery in the project situation ( PE

s treatmenty )’

Methane emissions on account of inefficiency of the project activity wastewater
treatment systems and presence of degradable organic carbon in treated wastewater
( PEww,dischargey);

Methane emissions from the decay of the final sludge generated by the project activity

treatment systems (PE, ..., ):
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Methane fugitive emissions due to inefficiencies in capture systems (PE, ..., );

Methane emissions due to incomplete flaring (PE .., );

Methane emissions from biomass stored under anaerobic conditions which would not
have occurred in the baseline situation (PEpiomassy)-

PE = {PE power,y + PEWW,treatmenLy + PEs,treatmenLy + PEww,dischargey + PEs,finaI,y +} Equation (8)
! F)Efugitive,y + I:)Ebiome\ssy + PE flaring,y

Where:

PEy Project activity emissions in the year y (t CO,e)

PE Emissions from electricity or fuel consumption in the year y (t CO.e).

power,y

These emissions shall be calculated as per paragraph 28, for the
situation of the project scenario, using energy consumption data of all
equipment/devices used in the project activity wastewater and sludge
treatment systems and systems for biogas recovery and
flaring/gainful use
Methane emissions from wastewater treatment systems affected by
the project activity, and not equipped with biogas recovery, in year y
(t CO.e). These emissions shall be calculated as per equation (2) in
paragraph 29 using an uncertainty factor of 1.12 and data applicable
to the project situation (MCFyy yreatmentpak @aNd Npaky) and with the
following changed definition of parameters:
MCF.wieament,pixk  Methane correction factor for project wastewater treatment system k
(MCF values as per Table 2 above)
Npaky Chemical oxygen demand removal efficiency of the project
wastewater treatment system k in year y (m?®), measured based on
inflow COD and outflow COD in system k
Methane emissions from sludge treatment systems affected by the
project activity, and not equipped with biogas recovery, in yeary
(t CO,e). These emissions shall be calculated as per equations (3)
and (4) in paragraphs 32 and 33, using an uncertainty factor of 1.12
and data applicable to the project situation (S;p;y, MCFs treatment) and
with the following changed definition of parameters:
Sipay Amount of dry matter in the sludge treated by the sludge treatment
system | in the project scenario in year y (t)
MCFs treatment,| Methane correction factor for the project sludge treatment system |
(MCF values as per Table 2 above)

PE

ww,treatment,y

PE

s,treatment,y

15 For instance in the baseline situation Palm Kernel Shells (PKS) are used as fuel in a boiler. In
the project situation PKS is replaced by biogas captured at a wastewater treatment system.
The PKS will no longer be used as fuel in the boiler, but sold on the market. Before it is sold it
is likely it will be stored for a period of time (few months or longer) on site which might lead to
methane emissions from anaerobic decay.
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Methane emissions from degradable organic carbon in treated
wastewater in year y (tCO,e). These emissions shall be calculated as
per equation (6) in paragraph 35, using an uncertainty factor of 1.12
and data applicable to the project conditions (CODyw,gischargepay:
MCFuw,pidischarge)  and with the following changed definition of

PE

ww,dischargey

parameters:
CODyw gischarge,,s,  Chemical oxygen demand of the treated wastewater discharged into
v the sea, river or lake in the project scenario in year y (t/m®)

MCFuwpadischarge ~ Methane correction factor based on the discharge pathway of the
wastewater in the project scenario (e.g. into sea, river or lake) (MCF
values as per Table 2)
Methane emissions from anaerobic decay of the final sludge
produced in year y (t CO,e). These emissions shall be calculated as
per equation (7) in paragraph 37, using an uncertainty factor of 1.12
and data applicable to the project conditions (MCFs p; final, Stinaipay)- If
the sludge is controlled combusted, disposed in a landfill with biogas
recovery, or used for soil application in aerobic conditions in the
project activity, this term shall be neglected, and the sludge treatment
and/or use and/or final disposal shall be monitored during the
crediting period with the following revised definition of the
parameters:

MCF pj final Methane correction factor of the disposal site that receives the final
sludge in the project situation, estimated as per the procedures
described in the methodological tool “Emissions from solid waste
disposal sites”

Stinal,pay Amount of dry matter in final sludge generated by the project
wastewater treatment systems in the year y (t)

PE

s, final,y

PE (,sitive Methane emissions from biogas release in capture systems in yeary,
grey calculated as per paragraph 42 (t COze)
PE Methane emissions due to incomplete flaring in year y (t CO,e). For

flaring,y . . . .. .
ex ante estimation, baseline emission calculation for wastewater

and/or sludge treatment (i.e. equation (2) and/or equation (3)) can be
used but without the consideration of GWP for CH,. However, the
ex post emission reduction shall be calculated as per methodological
tool “Project emissions from flaring”

PEbiomassy Methane emis;ions from biomass stqred und.e.r anaerobic condi.tions.
If storage of biomass under anaerobic conditions takes place in the
project and does not occur in the baseline , methane emissions due
to anaerobic decay of this biomass shall be considered and be
determined as per the procedure in the methodological tool
“Emissions from solid waste disposal sites” (t CO.e)

Project activity emissions from methane release in capture systems are determined as
follows:

Based on the methane emission potential of wastewater and/or sludge:

PEfugitive,y = PEfugitive,ww,y + PEfugitive,s,y Equation (9)
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Where:

PEfugitive,ww,y = Fugitive emissions through capture inefficiencies in the
anaerobic wastewater treatment systems in the yeary
(t CO2e)

PEfygitive,s,y = Fugitive_emissions through capture inefficiencies in the

anaerobic sludge treatment systems in the year y (t CO.e)

PEfugitive,ww,y =1- CFEWW) X MEwa,treatment,y X GWPcya Equation (10)

Where:

CFE,,, = Capture efficiency of the biogas recovery equipment in the
wastewater treatment systems (a default value of 0.9 shall be
used)

MEPy,, treatment,y = Methane emission potential of wastewater treatment systems
equipped with biogas recovery system in year vy (t)

MEPyw treatment,y Equation (11)

= wa,y X Bo,ww X UFP] X Z CODremoved,P],k,y
K
X MCFww,treatment,P],k
Where:
COD., e ps & , = The chemical oxygen de_rr_\and rfemoved_16 b_y the treatment
o system k of the project activity equipped with biogas recovery in
the year y (tm?)
MCF = Methane correction factor for the project wastewater treatment

v treament .k system k equipped with biogas recovery equipment (MCF values

as per Table 2 above)

UF,, = Model correction factor to account for model uncertainties (1.12)
PEfugitive,s,y = (1 - CFES) X MEPs,treatment,y X GWPCH4 Equation (12)
Where:

CFE = Capture efficiency of the biogas recovery equipment in the

sludge treatment systems (a default value of 0.9 shall be used)

16 Difference between the inflow COD and the outflow COD.
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MEPs,treatment,y

MEPs,treatment,y

= Z(Sl,Pj,y X MCFs,treatment,P],l) X DOCg X UFP]

Where:
Supyy

MCFs,treatment,P],l

UFp,

Methane emission potential of the sludge treatment systems
equipped with a biogas recovery system in year y (t)

Equation (13)

X DOCr X F x16/12

Amount of sludge treated in the project sludge treatment system |
equipped with a biogas recovery system (on a dry basis) in
yeary (t)

Methane correction factor for the sludge treatment system

equipped with biogas recovery equipment (MCF values as per
Table 2 above)

Model correction factor to account for model uncertainties (1.12)

Optionally a default value of 0.05 m3 biogas leaked/m3 biogas produced may be used as
an alternative to calculations per equation (9) to (13).

5.5. Leakage

If the technology is using equipment transferred from another activity, leakage effects at
the site of the other activity are to be considered and estimated (LE,).

5.6. Emission reduction

For all scenarios in paragraph 2, emission reductions shall be estimated ex ante in the
PDD using the equations provided in the baseline, project and leakage emissions sections above.
Emission reductions shall be estimated ex ante as follows:

ERy,ex ante — BEy,ex ante — (PEy,ex ante + LEy,ex ante) Equation (14)

Where:

ERy ex ante Ex ante emission reduction in year y (t CO,e)

LEy cx ante Ex ante leakage emissions in year y (t CO.e)

PE, ox ante Ex ante project emissions in yeary calculated as paragraph 41
(t CO.e)

BE,, ex ante Ex ante baseline emissions in year y calculated as per paragraph

27 (t CO.€)
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Ex post emission reductions shall be determined for case 2(a) and 2(e) as per
paragraph 48. For cases 2(b), 2(c), 2(d) and 2(f), ex post emission reductions shall be based on
the lowest value of the following, as per paragraph 46:

The amount of biogas recovered and fuelled or flared (MD,) during the crediting period,
that is monitored ex post;

Ex post calculated baseline, project and leakage emissions based on actual monitored
data for the project activity.

For cases 2(b), 2(c), 2(d) and 2(f): it is possible that the project activity involves
wastewater and sludge treatment systems with higher methane conversion factors (MCF) or with
higher efficiency than the treatment systems used in the baseline situation. Therefore the
emission reductions achieved by the project activity is limited to the ex post calculated baseline
emissions minus project emissions using the actual monitored data for the project activity. The
emission reductions achieved in any year are the lowest value of the following:

ERy ex post = min ((BEy,ex post — PEy ex post — LEy ex post)r (MDy Equation (15)

- PEpower,y - PEbiomass,y - LEy,ex post))

Where:

ERy ex post = Emission reductions achieved by the project activity based on
monitored values for year y (t CO,e)

BE, cx post = Baseline emissions calculated as per paragraph 27 using ex post
monitored values

PEy ¢x post = Project emissions calculated as per paragraph 41 using ex post
monitored values

MD,, = Methane captured and destroyed/gainfully used by the project

activity in the year y (t CO.e)

In the case of flaring/combustion MD, will be measured using the conditions of the
flaring process:

MD,, = BGpyrnty X Wenay X Depa X FE X GW Py, Equation (16)
Where:

BGpuyrnty = Biogas'’ flared/combusted in year y (m®)

WcHa,y = Methane content™ of the biogas in the year y (volume fraction)
Dcia = Density of methane at the temperature and pressure of the biogas

in the year y (t/m?®)

17 Biogas volume and methane content measurements shall be on the same basis (wet or dry).
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FE = Flare efficiency in year y (fraction). If the biogas is combusted for
gainful purposes, e.g. fed to an engine, an efficiency of 100 per
cent may be applied

For the cases 2 (a) and (e) the emission reduction achieved by the project activity
(ex post) will be the difference between the baseline emissions and the sum of the project
emissions and leakage.

ERy, = BEy oy post — (PEyex post + LEy ex post ) Equation (17)

The historical records of electricity and fuel consumption, the COD content of untreated
and treated wastewater, and the quantity of sludge produced by the replaced units will be used
for the baseline calculation.

In case (a), if the volumetric flow and the characteristic properties (e.g. COD) of the
inflow and outflow of the wastewater are equivalent in the project and the baseline scenarios (i.e.
the project and baseline systems have the same efficiency for COD removal for wastewater
treatment), then the higher energy consumption and sludge generation in the baseline scenario
are the only significant differences contributing to emissions reductions in the project case. In this
case, the emission reductions can be calculated as the difference between the historical energy
consumption of the replaced unit and the recorded energy consumption of the new system, plus
the difference in emissions from sludge treatment and/or disposal. Project emissions from
fugitive emissions and incomplete flaring (PEsgitivey, PEfaringy) Shall also be considered in the
calculation of the emission reductions, however the emissions from the wastewater outflow and
sludge (PEwdischargeys PEsiinaly) may be disregarded, if they are equivalent in the baseline and
project scenarios.

6. Monitoring methodology

Relevant parameters shall be monitored as indicated in the tables below. The applicable
requirements specified in the “General guidelines for SSC CDM Methodologies” (e.g. calibration
requirements, sampling requirements) are also an integral part of the monitoring guidelines
specified below and therefore shall be referred by the project participants.

6.1. Parameters for monitoring during the crediting period
Data / Parameter table 1.

Data / Parameter: Quw.iy

Data unit: m3/month

Description: The flow of wastewater

Measurement Measurements are undertaken using flow meters

procedures (if any):

Monitoring frequency: | Monitored continuously (at least hourly measurements are
undertaken, if less, confidence/precision level of 90/10 shall be

attained)
Any comment: -
Data / Parameter table 2.
Data / Parameter: CODyw untreated.ys CODww treated.ys CODuww discharge,pi.y
Data unit: t COD/m3
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procedures (if any):

Description: The chemical oxygen demand of the wastewater before and after the
treatment system affected by the project activity
Measurement Measure the COD according to national or international standards.

COD is measured through representative sampling

Monitoring frequency:

Samples and measurements shall ensure a  90/10
confidence/precision level

Any comment:

Data / Parameter:

Data / Parameter table 3.

Data / Parameter:

SI,P.J,vy Sl‘inaI,P.J,v

procedures (if any):

Data unit: t
Description: Amount of dry matter in the sludge
Measurement Measure the total quantity of sludge on a wet basis. The volume (m®)

and density or direct weighing may be used to determine the sludge
amount (wet basis). Representative samples are taken to determine
the moisture content to calculate the total sludge amount on dry basis.
If the methane emissions from anaerobic decay of the final sludge are
to be neglected because the sludge is controlled combusted,
disposed of in a landfill with methane recovery, or used for soil
application, then the end-use of the final sludge will be monitored
during the crediting period.

If the baseline emissions include the anaerobic decay of final sludge
generated by the baseline treatment systems in a landfill without
methane recovery, the baseline disposal site shall be clearly defined,
and verified by the DOE

Monitoring frequency:

Monitoring of 100 per cent of the sludge amount through continuous
or batch measurements and moisture content through representative
sampling to ensure the 90/10 confidence/precision level

Any comment:

Data / Parameter table 4.

procedures (if any):

Data / Parameter: BGpurnty

Data unit: m®

Description: Biogas volume in year y

Measurement In all cases, the amount of biogas recovered, fuelled, flared or

otherwise utilized (e.g. injected into a natural gas distribution grid or
distributed via a dedicated piped network) shall be monitored ex post,
using continuous flow meters. If the biogas streams flared and fuelled
(or utilized) are monitored separately, the two fractions can be added
together to determine the total biogas recovered, without the need to
monitor the recovered biogas before the separation. The methane
content measurement shall be carried out close to a location in the
system where a biogas flow measurement takes place

Monitoring frequency:

Monitored continuously (at least hourly measurements are
undertaken, if less, confidence/precision level of 90/10 shall be
attained)

Any comment:

Data / Parameter table 5.

Data / Parameter:

WcHay

Data unit:

%
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Description:

Methane content in biogas in the year y

Measurement
procedures (if any):

The fraction of methane in the gas should be measured with a
continuous analyser or, alternatively, with periodical measurements at
a 90/10 confidence/precision level. It shall be measured using
equipment that can directly measure methane content in the biogas -
the estimation of methane content of biogas based on measurement
of other constituents of biogas such as CO, is not permitted. The
methane content measurement shall be carried out close to a location
in the system where a biogas flow measurement takes place

Monitoring frequency:

Any comment:

Data / Parameter table 6.

procedures (if any):

Data / Parameter: T

Data unit: °Cc

Description: Temperature of the biogas

Measurement The temperature of the gas is required to determine the density of the

methane combusted. If the biogas flow meter employed measures
flow, pressure and temperature and displays or outputs the
normalised flow of biogas, then there is no need for separate
monitoring of pressure and temperature of the biogas

Monitoring frequency:

Shall be measured at the same time when methane content in biogas
(Wchay) is measured

Any comment:

Data / Parameter table 7.

procedures (if any):

Data / Parameter: P

Data unit: Pa

Description: Pressure of the biogas

Measurement The pressure of the gas is required to determine the density of the

methane combusted. If the biogas flow meter employed measures
flow, pressure and temperature and displays or outputs the
normalised flow of biogas, then there is no need for separate
monitoring of pressure and temperature of the biogas

Monitoring frequency:

Shall be measured at the same time when methane content in biogas
(Wcha.y) is measured

Any comment:

Data / Parameter table 8.

Data / Parameter:

procedures (if any):

Data unit: %
Description: The flare efficiency
Measurement As per the methodological tool “Project emissions from flaring”.

Regular maintenance shall be carried out to ensure optimal operation
of flares

Monitoring frequency:

Any comment:

Data / Parameter table 9.

Data / Parameter:

Data unit:
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procedures (if any):

Description: Parameters related to emissions from electricity and/or fuel
consumption in year y
Measurement As per the procedure in the “Tool to calculate baseline, project and/or

leakage emissions from electricity consumption” and/or “Tool to
calculate project or leakage CO, emissions from fossil fuel
combustion”. Alternatively it shall be assumed that all relevant
electrical equipment operate at full rated capacity, plus 10 per cent to
account for distribution losses, for 8760 hours per annum

Monitoring frequency:

Any comment:

Data / Parameter table 10.

Data / Parameter:

procedures (if any):

Data unit: t COse

Description: Parameters related to methane emissions from biomass stored under
anaerobic conditions which does not occur in the baseline situation

Measurement As per the latest version of the methodological tool “Emissions from

solid waste disposal sites”

Monitoring frequency:

Any comment:

7. Project activity under a programme of activities

The following conditions apply for use of this methodology in a project activity under a

programme of activities:

In case the project activity involves the replacement of equipment, and the leakage
effect of the use of the replaced equipment in another activity is neglected, because the replaced
equipment is scrapped, an independent monitoring of scrapping of replaced equipment needs to
be implemented. The monitoring should include a check if the number of project activity
equipment distributed by the project and the number of scrapped equipment correspond with
each other. For this purpose scrapped equipment should be stored until such correspondence
has been checked. The scrapping of replaced equipment should be documented and

independently verified.
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Appendix. Provisions for upgradation and distribution of
biogas

Project boundary

In case of project activities covered under paragraph 4(b) and 4 (c),' if the project
activity involves bottling of biogas the project boundary includes the upgrade and compression
installations, the dedicated piped network/natural gas distribution grid for distribution of biogas
from the wastewater treatment plant to the end user sites and all the facilities and devices
connected directly to it.

Baseline

In case of project activities covered under paragraph 4(c)(i) the baseline emissions for
upgraded biogas injection (BEineciony) are determined as follows:

BEinjectiony = Eug.y X CEFye Equation (1)
Where:

BE;  ction = Baseline emissions for injection of upgraded biogas into a natural

jectony gas distribution grid in year y (t COe)
E = Energy delivered from the upgraded biogas in the project activity to
ug,y . . . T
the natural gas distribution grid in year y (TJ)

CEF,¢ = Carbon emission factor of natural gas (t CO.e/TJ); (Accurate and

reliable local or national data may be used where available,
otherwise appropriate IPCC default values shall be used)

The energy delivered from the upgraded biogas in the project activity to the natural gas
distribution grid in year y (E,q,) is calculated as follows:

E x NCVug, y Equation (2)

ug,y — “ug,y

1 These are references to the section “Scope, applicability, and entry into force” in the
methodology including upgrading of biogas before distribution to the quality of natural gas for
use as fuel or for bottling or for injection into a natural gas distribution system. The eligible
biogas upgrading technologies covered in this appendix include: (1) Pressure Swing
Adsorption; (2) Absorption with/without water circulation; (3) Absorption with water, with or
without water recirculation (with or without recovery of methane emissions from discharge).
For those technologies, please refer to annex 1 of the approved methodology “AMO0053:
Biogenic methane injection to a natural gas distribution grid”’/Version 04.0 regarding the
description of these technologies project proponent may submit a request for revision to
include more technology options.
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Where:
QUQ,Y

NCVug, y

Quantity of upgraded biogas displacing the use of natural gas in
the natural gas distribution grid in year y (kg or m®)

Net calorific value of the upgraded biogas in yeary (TJ/kg or
TJ/m®)

The quantity of upgraded biogas displacing the use of natural gas in the natural gas
distribution grid in year y is calculated as follows:

ng,y = min(ng,in,y'Qcap,cm,y) Equation (3)
Where:
nginy = Quantity of upgraded biogas injected into the natural gas

Qcap,CH4,y

distribution grid in year y (kg or m®)

Quantity of methane captured at the wastewater treatment source
facility(ies) in year y (kg or m®)

The quantity of methane captured at the waste water treatment source facility(ies) is

calculated as follows:

Qcap,CH4,y = WCH4,WW X Qcap,biogasy Equatlon (4)

Where:

WCH4,WW

Qcap,biogasy

Methane fraction of biogas as monitored at the outlet of the
wastewater treatment source facility(ies) (kg or m* CH./kg or m* of
biogas)

Monitored amount of biogas captured at the source facility(ies) in
year y (kg or m®)

Project activity emission

In case of project activities covered under paragraph 4(b) and 4(c) the following project
emissions related to the upgrading and compression of the biogas (PEpacessy) Shall be included:

CO, emissions from electricity and fuel used by the upgrading facilities (t CO.e);

Methane emissions from the discharge of the upgrading equipment (t COze);

Fugitive methane emissions from leaks in compression equipment (t CO,e);

Emissions on account of vent gases from upgrading equipment (t CO.e).
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PEprocessy = PEpower,upgradey + PEWW,upgradey + |:’ECH4,equip,y + PEventgasy Equatlon (5)

Where:

PE ) rocess = Project emissions related to the upgrading and compression of the
P Y biogas in year y (t CO.e)

PE  owerupgrade = CO, emissions from electricity and fuel used by the upgrading
powEnIpgradey facilities (t CO,e), as per paragraph 19 of AMS-III.H.

PE,upgrade = Emissions from methane contained in any waste water discharge of

Hparacey upgrading installation in year y (t CO,e)
PECH4,equip,y = Emissions from compressor leaks in year y (t CO,e)
PE = Emissions from venting gases retained in upgrading equipment in

ventgasy

yeary (t CO.e)

Project activity emissions from methane contained in waste water discharge of
upgrading installation are determined as follows:

PEww,upgradey = wa,upgradey X [CH4]WW,upgradey X GWI:)CH4 Equatlon (6)
Where:
wa,upgradey = Volume of wastewater discharge from upgrading installation in
yeary
[CH ] = Dissolved methane contained in the wastewater discharge in
4 lww,upgradey yeary

Project activity emissions from compressor leaks are determined as follows:

1 Equation (7)
PECHA,equip,y = GWPcHA X (m) X ZWCH4,stream,y x EFequipmenthequipmenty

equipment

Where:
Wopia streamy = Average methane weight fraction of the gas (kg-CH4/kg) in year y
Tequipment = Operation time of the equipment in hours in year y (in absence of
g detailed information, it can be assumed that the equipment is used
continuously, as a conservative approach)
EF = Leakage rate for fugitive emissions from the compression

equipment

technology as per specification from the compressor manufacturer
in kg/hour/compressor. If no default value from the technology
provider is available, the approach below shall be used

Fugitive methane emissions occurring during the recovery and processing of gas may in
some projects be small, but should be estimated as a conservative approach. Emission factors
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may be taken from the 1995 Protocol for Equipment Leak Emission Estimates, published by
EPA.?

Emissions should be determined for all relevant activities and all equipment used for the
upgrading of biogas (such as valves, pump seals, connectors, flanges, open-ended lines, etc.).

The following data needs to be obtained:

The number of each type of component in a unit (valve, connector, etc.);
The methane concentration of the stream;

The time period each component is in service.

The EPA approach is based on average emission factors for Total Organic Compounds
(TOC) in a stream and has been revised to estimate methane emissions. Methane emissions are
calculated for each single piece of equipment by multiplying the methane concentration with the
appropriate emission factor from the table below.
Table. Methane emission factors for equipment3

Equipment type Emission factor (kg/hour/source) for
methane

Valves 4.5E-0.3

Pump seals 2.4E-0.3

Others* 8.8E-0.3

Connectors 2.0E-04

Flangs 3.9E-0.4

Open ended lines 2.0E-0.3

Project activity emissions from venting gases retained in upgrading equipment do not
have to be considered if vent gases (PE.en gasy) are channeled to storage bags. In case vent
gases are flared, emissions due to the incomplete or inefficient combustion of the gases will be
calculated using the methodological tool “Project emissions from flaring”, as follows:

8760 Equation (8
PEventgas y = ZTMRG, h X (1— Hflare, h) X % a ( )
- 1000

2 Please refer to the document US EPA-453/R-95-017 at:
<http://www.epa.gov/ttn/chief/efdocs/equiplks.pdf>, accessed on 23/10/2007.

3 Please refer to the document US EPA-453/R-95-017 Table 2.4, page 2-15, accessed on
23/10/2007.

4 The emission factor for “other” equipment type was derived from compressors, diaphragms,
drains, dump arms, hatches, instruments, meters, pressure relief valves, polished rods, relief
valves and vents. This “other” equipment type should be applied for any equipment type other
than connectors, flanges, open-ended lines, pumps or valves.
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Where:
TMRa, h = Mass flow rate of methane in the residual gas in hour h (kg/h)
Tpriare h = Flare efficiency in hour h

In case vent gases are not flared the methodological tool “Project emissions from flaring”
will be used, without considering measurements and calculations for the flare efficiency, which
will be assumed to be zero. In this case, emissions due to the vent gases will be:

PEy, ventgas= EfoTMRG h*% Equation (9)
| & 7 1000

Alternatively, in case vent gases are directly vented to the atmosphere, it may also be
calculated by conservatively calculating the mass of the gases vented based on the volume,
pressure and temperature of gas retained in upgrading equipment. This mass should be
multiplied with the frequency with which it is vented and assuming that the vented gas is pure
methane.

In order to account for emissions that occur when the upgrade facility is shut down due
to maintenance, repair work or emergencies one of the alternatives proposed above should be
used to calculate and include emissions from flaring or venting.

In case of project activities covered under paragraph 4(c)(ii) emissions due to physical
leakage of upgraded biogas from the dedicated piped network (PEeakagepipeiiney) Shall be
determined as follows:

PEIeakage pipelingy = Qmethanepipeliney x LRpipeIineXGWPCH4 Equation (10)
Where:
PE = Emissions due to physical leakage from the dedicated piped

leak: ipeli i
eakage pipelingy network n year y (t COze)

Total quantity of methane transported in the dedicated piped

Qmethane pipelingy .
network in year y (m°)

LR i iine = Physical leakage rate from the dedicated piped network (if no
PP project-specific values can be identified a conservative default
value of 0.0125 Gg per 10° m® of utility sales shall be applied®)

5 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2, chapter 4, Table
4.2.5 provides default values for fugitive emissions from gas operations in developing countries.
The default values provided for fugitive emissions for the distribution of natural gas to end
users range from 1.1 E-3to 2.5 E-3 Gg per 106 m3 of utility sales. The uncertainty in this value
is -20 per cent to 500 per cent. A conservative value of 2.5 E-3 * 500% = 0.0125 Gg per 106 m3 of
utility sales shall be taken.
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Leakage emissions

In case of project activities covered under paragraph 4(b) and the users of the bottles
filled with upgraded biogas are not included in the project boundary then the following leakage
emissions shall be included and calculated as follows:

Emissions due to physical leakage of biogas from the bottles during storage, transport
etc. until final end use (t COze);

Emissions due to fossil fuel use for transportation of bottles; biogas filled bottles to the
end users and the return of empty bottles to the filling site (t CO.e).

LEbottIingy = LEIeakagebb,y + LEtransy Equat|0n (11)
Where:
LE. .. = Leakage emissions project activities involving bottling of biogas in
bottlingy
yeary (t CO.e)
LE = Emissions due to physical leakage from biogas bottles in yeary
leakagebb,y
(t COze)
|_|5"an$y = Emissions due to fossil fuel use for transportation of bottles; biogas

filled bottles to the end users and the return of empty bottles to the
filling site in year y (t COe)

Leakage emissions due to physical leakage from biogas bottles are determined as

follows:
LEIeakagebb,y = Qmethanebb,y x LRbb x GWPCH4 Equation (12)
Where:
— H H 3
Quethaneob.y = Total quantity of methane bottled in year y (m")
LR, = Physical leakage rate from biogas bottles (if no project-specific

values can be identified a default value of 1.25 per cent shall be
applied)®

Leakage emissions due to fossil fuel use for transportation of bottles (biogas filled
bottles to the end users and the return of empty bottles to the filling site) are determined as below.
If some of the locations of the end-users are unknown a conservative approach assuming
transport emissions of 250 km, shall be used.

6 Victor (1989) Leaking Methane from Natural Gas Vehicles: Implication for Transportation
Policy in the Greenhouse Era, in Climatic Change 20: 113-141, 1992 and American Gas
Association (1986), 'Lost and Unaccounted for Gas', Planning and Analysis issues, issue brief
1986-28, p. 3.
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Equation (13)
PE ansy = (ﬂ]x DAF,, x EF.,

CTony
Where:
Q. = Total freight volume of upgraded biogas in bottles transported in
Y yeary (m°)
CT,, = Average truck freight volume capacity for the transportation of
Y bottles with upgraded biogas (m*/truck)

DAF,, = Aggregated average distance for bottle transportation; biogas filled
bottles to the end users and the return of empty bottles to the filling
site (km/truck)

EF.., = CO; emission factor from fuel use due to transportation (t CO,/km)

Monitoring methodology
The project proponents shall maintain a biogas (or methane) balance based on:

Continuous measurement of the amount of biogas captured at the wastewater treatment
system;

Continuous measurement of the amount of biogas used for various purposes in the
project activity: e.g. heat, electricity, flare, hydrogen production, injection into natural gas
distribution grid, etc. The difference is considered as loss due to physical leakage and deducted
from the emission reductions.

In case of project activities covered under paragraph 4(c) the quantity of biogas,
temperature, pressure and concentration of methane in the biogas injected into the natural gas
grid/distributed via the dedicated piped network shall be measured continuously using certified
equipment. The net calorific value (NCV) shall be measured directly from the gas stream using
an online Heating Value Meter or calculated based on the measured methane content using the
NCV of methane. This measurement must be in mass or volume basis and the project
participants shall ensure that units of the measurements of the amount of biogas injected and of
the net calorific value are consistent. The methane content of the injected or transported biogas
shall always be in accordance with national regulations or, in absence of national regulations, 96
per cent (by volume) or higher. Biogas injected or transported with inferior methane content shall
be excluded from the emission reduction calculations.

In case of project activities covered under paragraph 4(b) and 4(c), the following
parameters shall be monitored and recorded:

The volume of discharge into the desorption pond from the upgrading installation
(Quaw.upgrade.y), Monitored continuously;

The methane content ([CHalww,upgradey) Of the discharge water from the upgrade facility,
samples are taken at least every six months during normal operation of the facility;

The annual operation time of the compressor and each piece of equipment in the biogas
upgrading and compression installations in hours (Tequpmenty)- IN case this information is not
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available it shall be assumed that the upgrading installation and compressor is used
continuously;

The quantity, pressure and composition of the bottled biogas, biogas injected into a
natural grid or transported via a dedicated piped network; monitored continuously using flow
meters and regularly calibrated methane monitors. The pressure of the biogas shall be regulated
and monitored using a regularly calibrated pressure gauge. The methane content of the biogas
shall always be in accordance with national regulations or, in absence of national regulations,
96 per cent (by volume) or higher in order to ensure that biogas could readily be used as a fuel,
inferior methane content shall be excluded from the emission reduction calculations;

In case vent gases are calculated using the methodological tool “Project emissions from
flaring”, the monitoring criteria contained in this tool shall be used. In case this tool is not used
and the alternative approach in paragraph 13 of this appendix is used, then temperature and
pressure of gas retained in upgrading equipment shall be measured continuously and their
values before the venting process are used, together with the volume capacity of the installation,
to estimate the amount of methane released during the venting process;

During the periods when the biogas upgrading facility is closed due to scheduled
maintenance or repair of equipment or during exigencies, project participants should ensure that
the captured biogas is flared at the site of its capture using an (emergency) flare. Appropriate
monitoring procedures should be established to monitor this emergency flare;

In case of project activities covered under paragraph 4(b) the number and volume of
biogas bottles produced and transported, the average truck capacity (CTy,y) and the average
aggregated distance for transporting the bottled biogas (DAFyy,).

Document information

Version Date Description

18.0 16 October 2015 EB 86, Annex 16
Revision to include non-binding best practice examples.

17.0 28 November 2014 EB 81, Annex 34

Revision to standardize the requirements on additionality in the
methodology in line with other waste sector methodology such as
AMS-I11.D. It includes provisions for automatic additionality.

16.0 26 November 2010 EB 58, Annex 22
To include additional guidelines pertaining to transport of biogas
(e.g. by trucks) and biogas application for transportation;

To clarify the conditions under which the measurement campaign
can be used for baseline emissions determination.

15.0 30 July 2010 EB 55 Annex 34
To clarify the criteria to be satisfied for the baseline lagoon
treatments systems under the methodology;

To include the monitoring table with the required frequency of
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Version Date Description
measurements and options for collection and recording of data.

14.0 26 March 2010 EB 53, Annex 17
To include additional clarification on the monitoring requirements of
biogas.

13.0 17 July 2009 EB 48, Annex 21
To include additional eligible technologies for upgrading biogas for
bottling or feeding to natural gas distribution grid. Include an option
to use the calculated net calorific value (NCV) of biogas based on
methane content measurement instead of directly monitoring NCV
using a NCV meter.

12.0 28 May 2009 EB 47, Annex 26
To include additional guidance on use of methane generation
potential based on Biochemical Oxygen Demand (BODs 5).

11.0 25 March 2009 EB 46, Annex 22
To clarify the methods for determination of baseline for Greenfield
projects;
To specify minimum requirements concerning sludge removal
interval in the baseline anaerobic lagoon; Further guidance on
measuring equipment for biogas pressure, temperature and flow
rate.

10.0 26 September 2008 EB 42, Annex 17
Additional guidance on baseline determination and project
emission calculations;
Restructured, provisions related to methane correction factor and
related uncertainties were revised.

09.0 14 March 2008 EB 38, Annex 10
Expand applicability to include pipeline transport of the recovered
and upgraded biogas;
Additional guidance on sequential treatment of wastewater in
anaerobic lagoons.

08.0 30 November 2007 EB 36, Annex 24
Expand applicability to bottling of recovered biogas;
Additional guidance on emissions from dissolved methane in the
treated wastewater;
Guidance on use of IPCC default factors for the degradable
organic content of sludge.

07.0 19 October 2007 EB 35, Annex 29
Expand the applicability to allow recovered biogas to be used for
hydrogen production.

06.0 27 July 2007 EB 33, Annex 35
Additional leakage guidance to allow for application under a
programme of activities (PoA).

05.0 04 May 2007 EB 31, Annex 27

To exclude scope 15 from the methodology
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Description

Version Date

04.0 15 December 2006
03.0 21 July 2006

02.0 10 May 2006

01.0 24 February 2006

EB 28, Annex 26
Broaden the applicability to include sequential stage of anaerobic
wastewater treatment;

Additional guidance based on 2006 IPCC Guidelines for National
Greenhouse Gas Inventories on the following:

(@) Methane correction factor (MCF) determined by wastewater
discharge pathways or type of treatment;

(b) Default values for sludge treatment, particularly for
degradable organic carbon (DOC) and methane correction
factor (MCF).

EB 25, Annex 28
Clarify the inclusion of methane emission factor in the equation for
baseline calculations.

EB 24, paragraph 64 of the report

The Board at its twenty-fourth meeting noted that Type Il project
activities might be able to achieve significant emission reductions,
without exceeding the direct emissions limits i.e. 15 kilo tonnes
CO.,e applicable at the time. As an interim solution, the Board
agreed to include the following text in all Type Il categories: “This
category is applicable for project activities resulting in annual
emission reductions lower than 25,000 tonnes CO.e. If the
emission reduction of a project activity exceeds the reference value
of 25,000 tonnes CO.e in any year of the crediting period, the
annual emission reduction for that particular year is capped at
25,000 tonnes CO.e.”

EB 23, Annex 23
Initial adoption.

Decision Class: Regulatory
Document Type: Standard
Business Function: Methodology

Keywords: biogas recovery, simplified methodologies, type (iii) projects, water
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Introduction

The following table describes the key elements of the methodology:

Table 3. Methodology key elements

Typical projects Decay of the wastes that would have been let to decay or are
already deposited in a waste disposal site is prevented through
controlled combustion; or gasification to produce
syngas/producer gas; or mechanical/thermal treatment to
produce refuse-derived fuel (RDF) or stabilized biomass (SB).

Type of GHG emissions Greenhouse gas (GHG) emission avoidance.

mitigation action Avoidance of methane emissions due to prevention of
anaerobic decay of biomass in waste. Use of biomass in waste
as energy source.

Scope, applicability, and entry into force

Scope

This project category comprises measures that avoid the production of methane from
biomass or other organic matter that:

(@) Would have otherwise been left to decay under clearly anaerobic conditions
throughout the crediting period in a solid waste disposal site without methane
recovery, or

(b) Is already deposited in a waste disposal site without methane recovery.

Due to the project activity, decay of the wastes of type referred to in paragraph 1(a)
and/or 1(b) above is prevented through one of the following measures:

(@) Controlled combustion;
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10.

(b) Gasification to produce syngas/producer gas;

(@) Mechanical/thermal treatment to produce refuse-derived fuel (RDF) or stabilized
biomass (SB)." An example of a mechanical/ithermal treatment process is the
pelletization of wood particles.?

The produced RDF/SB shall be used for combustion either on site or off-site.

In the case of stockpiles of wastes baseline emission calculations as described in the
methodological tool “Emissions from solid waste disposal sites” shall be adjusted.
Stockpiles can be characterised as waste disposal sites that consist of wastes of a
homogenous nature with similar origin (e.g. rice husk, empty fruit bunches of oil palm,
sawmill waste, etc.). Paragraph 22 provides specific instructions for the calculation of
baseline emissions where the baseline is stockpiling of the waste.

Measures are limited to those that result in emission reductions of less than or equal to
60 kt CO, equivalent annually.

Where in the baseline usually there is a reduction in the amount of waste through regular
open burning or removal for other applications, the use of the methodological tool
“Emissions from solid waste disposal sites” shall be adjusted to take account of this
burning or removal in order to estimate correctly the baseline emission.

Applicability

The project activity does not recover or combust methane unlike AMS-111.G. Nevertheless,
the location and characteristics of the disposal site in the baseline condition shall be
known, in such a way as to allow the estimation of its methane emissions.

If the project activity involves combustion, gasification or mechanical/thermal treatment of
partially decayed waste mined (i.e. removed) from a solid waste disposal site in addition
to freshly generated waste the project participants shall demonstrate that there is
adequate capacity of the combustion, gasification or mechanical/thermal treatment facility
to treat the newly generated wastes in addition to the partially decayed wastes removed
from the disposal site. Alternately justifications for combusting, gasifying or
mechanically/thermally treating the partially decayed wastes instead of the newly
generated wastes shall be provided.

If the combustion facility, the produced syngas, producer gas or RDF/SB is used for heat
and electricity generation within the project boundary, that component of the project
activity may use a corresponding methodology under Type | project activities.

1 The thermal treatment process (dehydration) shall occur under controlled conditions (up to
300 Celsius) and shall generate a stabilized biomass that would be used as fuel or raw
material in other industrial processes. Stabilized biomass (SB) is defined as biomass
adequately treated to prevent further degradation in the environment. Examples of SB are:
pellets, briquettes and torrefied wood chips.

2 Pelletization is defined as the compression of wood particles into modules of solid fuel. The
process includes thermal and mechanical pre-treatment of the raw material (e.g. saw dust).
Pellets have moisture content of maximal 12 per cent.
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11.

12.

13.

14.

15.

16.

2.3.

17.

18.

19.

In case of RDF/SB production, project proponents shall provide evidence that no GHG
emissions occur, other than biogenic CO,, due to chemical reactions during the thermal
treatment process for example limiting the temperature of thermal treatment to prevent
the occurrence of pyrolysis and/or the stack gas analysis.>

In case of gasification, the process shall ensure that all the syngas produced, which may
contain non-CO, GHG, will be combusted and not released unburned to the atmosphere.
Measures to avoid physical leakage of the syngas between the gasification and
combustion sites shall also be adopted.

In case of RDF/SB processing, the produced RDF/SB should not be stored in such a
manner as resulting in high moisture and low aeration favouring anaerobic decay. Project
participants shall provide documentation showing that further handling and storage of the
produced RDF/SB does not result in anaerobic conditions and do not lead to further
absorption of moisture.

In case of RDF/SB processing, local regulations do not constrain the establishment of
RDF/SB production plants/thermal treatment plants nor the use of RDF/SB as fuel or raw
material.

During the mechanical/thermal treatment to produce RDF/SB no chemical or other
additives shall be used.

In case residual waste from controlled combustion, gasification or mechanical/thermal is
stored under anaerobic conditions and/or delivered to a landfill emissions from the
residual waste shall to be taken into account using the first order decay model (FOD)
described in AMS-III.G.

Entry into force

The date of entry into force is the date of the publication of the EB 81 meeting report on
28 November 2014.

Normative references

Project participants must take into account the “General guidelines for SSC clean
development mechanism methodologies”, “Guidelines on the demonstration of
additionality of small-scale project activities” at

<http://cdm.unfccc.int/Reference/Guidclarif/index.html#meth> mutatis mutandis.

This methodology also refers to the latest approved versions of the following approved
methodologies and tool:

(@) “AMS-III.G.: Landfill methane recovery”;

(b) “‘AMS-I111.H.: Methane recovery in wastewater treatment”;
(©) “Emissions from solid waste disposal sites;
(d) “Project and leakage emissions from transportation of freight”.

3 See also footnote 1.
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20.

5.1.

21.

5.2.

22.

Definitions

The definitions contained in the Glossary of CDM terms shall apply.

Baseline methodology

Project boundary

The project boundary are the physical, geographical sites:

(@)

(b)

(€)

(d)

Where the solid waste would have been disposed or is already deposited and the
avoided methane emission occurs in absence of the proposed project activity;

Where the treatment of biomass through controlled combustion, gasification or
mechanical/thermal treatment takes place;

Where the final residues of the combustion process will be deposited (this parcel
is only relevant to controlled combustion activities);

And in the itineraries between them, where the transportation of wastes and
combustion residues and/or residues of gasification and mechanical/thermal
treatment process occurs.

Project emissions

Project emissions consist of:

(@)

(b)

(€)

CO; emissions related to the gasification and combustion of the non-biomass
carbon content of the waste (plastics, rubber and fossil derived carbon) or
RDF/SB and auxiliary fossil fuels used in the combustion, gasification or
mechanical/thermal treatment facility;

Incremental CO, emissions due to:

() Incremental distances between the collection points to the project site as
compared to the baseline disposal site;

(i)  Transportation of combustion residues and final waste from controlled
burning to disposal site;

(i)  Transportation of RDF/SB from the mechanical/thermal treatment facility to
the storage site within the project boundary;

(iv) Transportation of RDF/SB to the sites of the end users (if some of the sites
are unknown a conservative approach assuming transport emissions for a
specific distance, for example a default of 250 km, shall be used);

CO; emissions related to the fossil fuel and/or electricity consumed by the project
activity facilities, including the equipment for air pollution control required by
regulations. In case the project activity consumes grid-based electricity, the grid
emission factor (t CO,e/MWh) should be used, or it should be assumed that diesel
generators would have provided a similar amount of electricity, calculated as
described in category I.D.
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23.

24.

25.

26.

27.

PE, = PE, .mb T PE, ransp + PEy. power Equation (18)

Where:

|:>|5y = Project activity direct emissions in the year y (t CO.e)

PE. o = Emissions through combustion and gasification of non-biomass
4 carbon of waste and RDF/SB in the year y (t COe)

PEy ransp = Emissions through incremental transportation in the year y (t COe)

PE = Emissions through electricity or diesel consumption in the yeary
o (t COse)

The expected annual quantity (tonnes) and composition of the waste combusted, gasified
or mechanically/thermally treated by the project activity during the crediting period shall
be described in the project design document, including the biomass and non-biomass
carbon content of the combusted or gasified waste and RDF/SB (Qpiomass @0 Qnon-biomass)-

The expected consumption of auxiliary fuel for the incineration, gasification,
mechanical/thermal treatment process (Qsue) should also be reported in the project
design document. CO, emissions from the combustion of the non-biomass (i.e. fossil)
carbon content of the wastes and RDF/SB and from the auxiliary fossil fuel consumed will
be estimated assuming the complete oxidation of carbon to CO, in the combustion.

PEy,comb = Qy,non—biomass>< 44112 + Qy, fuel X EF Equation (19)

y, fuel

Where:

Non-biomass carbon of the waste and RDF/SB combusted/gasified

Qy non-bi
y.non-biomass in the year y (tonnes of carbon)

Qy el Quantity of auxiliary fossil fuel used in the year y (tonnes)
EF, = CO; emission factor for the combustion of the auxiliary fossil fuel
. (tonnes CO,, per tonne fuel, according to latest IPCC Guidelines)

Project emissions from trucks for incremental collection activities will be estimated
following the methodological tool “Project and leakage emissions from transportation of
freight”.

Project proponents shall monitor the RDF fate and consumption through e.g. purchase
by/delivery to final users.

If the project activity includes wastewater release, which are treated anaerobically or
released untreated, methane emission shall be considered as project emissions and
estimated using the provisions of AMS-III.H.
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5.3.

28.

29.

30.

31.

Baseline scenario and baseline emissions

The baseline scenario is the situation where, in the absence of the project activity,
organic waste matter is left to decay within the project boundary and methane is emitted
to the atmosphere. The yearly baseline emissions are the amount of methane that would
have been emitted from the decay of the cumulative quantity of the waste diverted or
removed from the disposal site, to date, by the project activity, calculated as the methane
generation potential using the “Tool to determine methane emissions avoided from
disposal of waste at a solid waste disposal site”.

In the case of stockpiles of waste the baseline emission calculations as described in the
methodological tool “Emissions from solid waste disposal sites” shall be adjusted. It is
recognised that biomass waste disposal practices and the final fate of the disposed waste
in stockpiles is highly region and waste specific, therefore the quantity of waste taken as
input for the calculations and MCF and k values shall be chosen conservatively.

For projects utilising MSW, when calculating BEcpa,swos,y, @ MCF of 0.8 may be used* to
account for the existence of a suppressed demand situation as described in the
“Guidelines on the consideration of suppressed demand in CDM methodologies” when all
of the following conditions apply:

(a) It can be demonstrated that waste is being dumped in an uncontrolled manner in
human settlement areas under the current practice due to a lack of organized
waste collection and disposal system;

(b) It can be demonstrated that only the municipal solid waste is being treated under
the project activity and wastes from other sources such as agricultural or
agro-industrial wastes are not being treated under the project activity;

(© It can be demonstrated that entire portion of the waste treated under the project
activity would comply with the above two conditions.

In determining the amount of waste prevented from disposal in the solid waste disposal
site (SWDS) (W) as input in equation 1 in the tool, the percentage of the biomass that is
combusted in the project activity and which would have been dumped in a stockpile in the
baseline situation and also would have remained in the stockpile for a sufficient period of
time to decay shall be determined. A quantitative analysis shall be carried out using the
following options (in the order of priorities):

(@) Project specific waste disposal data from at least three years prior to the
implementation of the project activity;

4 Deep landfill (>5m) is most likely the technology for disposing MSW in the scenario of
constrained availability of area/space within or close to urban areas and where waste
scavenging does not occur. And it is also the least cost alternative for providing comparable
level of service to the project technology for treating the waste i.e. composting in this case.
MCF value is chosen from the definition provided in 2006 IPCC Guideline applicable to
unmanaged deep landfills that do not have controlled placement of waste (i.e. waste directed
to specific deposition areas, a degree of control of scavenging and a degree of control of fires)
and do not include any cover material, mechanical compacting and levelling of the waste.
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32.

33.

34.

35.

(b) A control group;
(© Official data sources.
The following factors shall be taken into account in this analysis:

(a) Parts of the biomass may be taken from the stockpile for various reasons.
Examples are that the biomass: (a) may be used as a fuel; (b) incinerated to use
the ashes as fertilizer; (c) directly applied to land as fertilizer (mulching); (d)
composted; (e) or used as a raw material (e.g. panel board production). The
various uses shall be analysed and quantified to show what percentage of
biomass would have remained in the stockpile;

(b) There may be restrictions for leaving the biomass in a stockpile indefinitely.
Examples are restrictions concerning land surface used for stockpiling or height of
the stockpile.

These two factors shall be quantified and W, shall be adjusted accordingly, as the
model in the tool assumes that the waste would have remained at the disposal site for
sufficient time to fully decay.

Due to the high uncertainty in the estimation of methane emissions from stockpiles,
conservative assumptions shall be made for the MCF and k values given in the tool. As
piles have a large surface area to volume ratio anaerobic conditions are not ensured like
in the case of SWDS. In addition the homogenous nature of the waste in stockpiles result
in a different decay rate compared to normal SWDS that contain mixed wastes. For the
purpose of this methodology, project participants shall use an MCF value of 0.36° This is
the MCF value for an unmanaged shallow SWDS multiplied by 0.89 discount factor,
corresponding to 30 per cent uncertainty, as specified in CMP decision 21/CP.7. The k
value for the relevant waste type must be the lower value from the range provided for the
Boreal and Temperate Climate Zone as listed in Table 3.3 in Chapter 3, volume 5 of 2006
IPCC Guidelines for National Greenhouse Gas Inventories.

In the case of project activities combusting, gasifying or mechanically/thermally treating
only freshly generated wastes, the baseline emissions at any year y during the crediting
period is calculated using the amount and composition of wastes combusted, gasified or
mechanically/thermally treated since the beginning of the project activity (year “x=1") up
to the yeary, using the first order decay model as referred to in the “Tool to determine
methane emissions avoided from disposal of waste at a solid waste disposal site”.
Baseline emissions shall exclude methane emissions that would have to be removed to
comply with national or local safety requirement or legal regulations.

BE, = BE¢1 swosy Equation (20)
Where:
BE = Baseline emissions at year y during crediting period (t CO.e)

y

5 Project proponents are encouraged to submit procedures to accurately assess the values for &
and MCF in the case of stockpiles as a revision to this methodology for EB approval.
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36.

= Yearly Methane Generation Potential of the wastes diverted to be
disposed in the landfill from the beginning of the project (x=1) up to
the year y, calculated according to the “Tool to determine methane
emissions avoided from disposal of waste at a solid waste disposal
site” (t CO,e)

BECH4,SWDS,y

In the case of project activities that combust, gasify or mechanically/thermally treat
wastes that have partially decayed in a disposal site, the calculation of the yearly
methane generation potential of the wastes combusted, gasified or
mechanically/thermally treated from the project beginning (x=1) up to the yeary will
consider the age of the wastes at the start of the project. One of the following options may
be used:

@ Estimate the mean age of the wastes contained in the disposal site in the
beginning of the project activity (“a8”). It may be estimated as the weighted average
age considering the yearly amount of wastes deposited in the SWDS since its
beginning of operation up to the year prior to the start of the project:

amax Equation (21)
1LA+2-A+3 2A 2
7 A+2- A+ At +aA F
A+A+A+. . +A =
A
=1
Where:
a = Weighted mean age of the wastes present in the SWDS prior to the
project start
a = Years before project start, starting in the first year of waste disposal
(a=1) up to the maximal age of the wastes contained in the SWDS
at the project start (a=amax)
A = Total amount of waste deposited in the SWDS in each year a. It

shall be obtained from recorded data of waste disposals, or
estimated according to the level of the activity that generated the
wastes (for example, considering the amount of wood processed by
a sawmill in each year a, and estimating the amount of wastes
generated and disposed in the SWDS in that year).

If the yearly amount of waste deposited in the SWDS cannot be
estimated, then an arithmetic mean age may be used (a = 0.5 x
amax). By using this option, the baseline emissions at any yeary
during the crediting period are calculated using the same equation
as provided in the last paragraph, nevertheless, the exponential
term for the First Order Decay Model “exp [-K;.(y-x)]" will be
corrected for the mean age, and will be substituted by
“exp[-ki.(y-x+a)I"

(b) Calculate the yearly methane generation potential of the SWDS as described in
the methodological tool “Emissions from solid waste disposal sites”, considering
the total amount and composition of wastes deposited since its start of operation.
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The methane generation potential of the wastes removed to be combusted,
gasified or mechanically/thermally treated up to the year y in the crediting period
will be estimated as proportional to the mass fraction of these wastes, relative to
the initial amount:

y Equation (22)
> A

BE, = = BECH4,SWDS,y

Y A
Where
A = Amount of wastes removed to be combusted, gasified or
" mechanically/thermally treated in the year x (tonnes)
A = Total amount of wastes present in the SWDS at the beginning of
the project activity (tonnes)
BECH4,SWDS,y = Yearly methane generation potential of the SWDS at the yeary,

considering all the wastes deposited in it since its beginning of
operation, and without considering any removal of wastes by the
project activity

(© Estimate the quantity and the age distribution of the wastes removed each year x
during the crediting period,® and calculate the methane generation potential of
these wastes in the year y. For example, in the year x=2 of the project activity, the
amount A, was removed to be combusted, gasified or mechanically/thermally
treated, and this amount can be divided into A, parts, each part belonging to the
age n. In the year y the methane generation potential of the portions removed
from the SWDS may be estimated as:

6 Age distribution is the discrete partitioning of the waste by age (i.e. the number of years since
it was generated and deposited at the site). The estimation of the age of the portions of waste
being removed from the disposal site and combusted, gasified or mechanically/thermally
treated each year may be done by topographical modelling of the wastes present in the
relevant sections of the disposal site. This approach should include segregation of the wastes
into even-age layers or volumetric blocks based on historical or constructive data (design of the
disposal site). This information on quantity, composition, and age may be based on (a)
historical records of the yearly mass and composition of waste deposited in the section of the
disposal site where waste is being removed for combustion, gasification or mechanical/thermal
treatment; or (b) historical production data for cases in which the waste at the site is
dominated by relatively homogeneous industrial waste materials (e.g. waste by-products from
sawmills or finished wood product manufacturing). Option (b) that uses historical industrial
production data should apply the following steps. Stepl: Estimate the total mass of waste at
the disposal site in the section where it is to be removed based on the section’s volume and the
average density of the waste. Step 2! Apportion the mass of waste in this section into waste
types and ages using historical records on the output of products produced in a given year from
the industrial facility and factors for the average mass of waste by-products produced per unit
of each product.
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5.4.

37.

38.

39.

nmax Equation (23)
BE, = ZBECH4,SWDS,yn

n=nmin

Where:
BE s SWDSyn = Yearly methane generation potential of the wastes removed since
B the beginning of the project activity “x=1” up to the year y during

the crediting period, segregated according to its age “n” at the time
of removal (t CO.e). It is calculated using the tool referred to in
AMS-III.G., substituting the exponential term for the First Order
Decay Model “exp [-k;.(y-x)]” by “exp[-k;.(y-x+n)]”

Leakage

In case of RDF/SB production, project proponents shall demonstrate that the produced
RDF/SB is not subject to anaerobic conditions before its combustion end-use resulting in
methane emissions. If the produced RDF/SB is not used in captive facilities but sold to
consumers outside the project boundary as a fuel, a default 5 per cent of the baseline
emissions shall be deducted as leakage to account for these potential methane
emissions, unless project proponents can prove otherwise (e.g. by demonstrating that
potential risks of methane emissions from RDF/SB are avoided through measures such
as appropriate packaging, by showing that monitored moisture content of the RDF/SB is
under 12 per cent or by the use of standards that ensure that characteristics of the
RDF/SB during the entire lifecycle of the product is not conducive for methane
production).

Monitoring

The emission reduction achieved by the project activity will be measured as the
difference between the baseline emission and the sum of the project emission and
leakage.

ER, = BE, - (PE, + Leakage, ) Equation (24)
Where:
ER = Emission reduction in the year y (t CO.e)

y

The amount of waste combusted, gasified or mechanically/thermally treated by the
project activity in each year (Q,) shall be measured and recorded, as well as its
composition through representative sampling, to provide information for estimating the
baseline emissions. The quantity of auxiliary fuel used (Qge) and the non-biomass
carbon content of the waste or RDF/SB combusted (Q non-viomass) Shall be measured, the
latter by sampling. The total quantity of combustion and gasification residues and
residues from mechanical/thermal treatment (Qy asn) and the average truck capacity (CT,)
shall be measured. The electricity consumption and/or generation shall be measured.
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The distance for transporting the waste in the baseline and the project scenario and the
distance for transporting the produced RDF/SB (km/truck) shall also be recorded.’

40. In the case of project activities processing newly generated biomass wastes, the project
participants shall demonstrate annually, through the assessment of common practices at
proximate waste disposal sites, what percentage of the amount of waste combusted,
gasified or mechanically/thermally treated in the project activity facilities would have been
disposed in a solid waste disposal site without methane recovery in the absence of the
project activity and would decay anaerobically in the disposal site throughout the crediting
period.

7. Project activity under a programme of activities

41. The methodology is applicable to a programme of activities. No additional leakage
estimations are necessary other than that indicated under the leakage section above.

Document information*
Version Date Description
17.0 28 November 2014 EB 81, Annex 33
Revision to:
. introduces supressed demand scenario based on the
approach provided under the methodology such as
“ACMO0014: Treatment of wastewater” and AMS-III.F.
e takes into the account the past clarifications issued by the SSC
WG, and
. streamlines the uncertainty factor used with uncertainty
factors/procedures in other methodologies.

16.0 17 July 2009 EB 48, Annex 19

To include additional guidelines for monitoring of project activities
involving production and sale of refuse derived fuel (RDF) from
biomass solid waste.

15.1 14 December 2007 EB 36, Annex 25

Minor editorial corrections.

15.0 14 December 2007 EB 36, Annex 25

To clarify the applicable MCF (methane correction factor) and k

7 In cases where the RDF/SB is sold in the open market, the project emissions due to auxiliary
fuel consumption and transportation of final residues of combustion (@yasz) may be neglected.
The sold RDF/SB is not eligible for a Type I (renewable energy) project component under the
same project activity since it is not in the project boundary. The sale invoices of RDF/SB shall
be maintained at the project site.
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(decay rate of the waste) values to use for biomass stockpiles in the
baseline emissions calculation.

EB 35, Annex 32

To broaden the applicability of the approved methodology by
including thermal/mechanical treatment of biomass waste to
produce refuse-derived fuel (RDF) or stabilized biomass (SB) such
as pellets or briquettes.

EB 33, Annex 33

Revision of the approved small-scale methodology AMS-IIL.E to
allow for its application under a programme of activities (PoA).

EB 31, Annex 26

To exclude AMS-IILE from scope 15, and to clarify that that DOE
functions (validation, verification etc.) of project activities applying
earlier versions can only be performed by DOEs accredited to all of
the sectoral scopes to which the earlier versions of these
methodologies respectively belong to.

EB 29, Annex 8
Changes include:

(a) Applicability of the methodology is expanded to include partially
degraded waste with three options being provided to calculate
methane emissions avoided i.e. (i) Based on the weighted average
age of the waste; or (ii)) Based on the yearly methane generation
potential of the disposal site and the relative amount of waste
removed from it for combustion; or (iii) Based on the profile of the
disposal site and historic waste disposal data. (b) To clarify that the
methodology is applicable only in cases where it can be
demonstrated that organic matter combusted by the project activity
would have remained disposed under clearly anaerobic conditions
throughout the crediting period in the absence of the project activity.

EB 28, Meeting report, Para. 42

To remove the direct emissions limits i.e. 15ktCO,e/y as well as the
interim applicability condition i.e. 25ktCO,ely.

EB 24, Meeting report, Para. 64

Introduced the interim applicability condition i.e. 25ktCO,ely limit for
all Type lll categories.

EB 23, Annex 28
To include detailed guidance on the direct project emissions.

Decision Class: Regulatory
Document Type: Standard

Business Function: Methodology

Keywords: avoidance of methane emission, solid waste, simplified methodologies, type (iii) projects
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This document, together with the ‘General Guidance’ and all other approved SSC methodologies, was part of a
single document entitled: Appendix B of the Simplified Modalities and Procedures for Small-Scale CDM project
activities until version 07.

History of the document: Appendix B of the Simplified Modalities and Procedures for Small-Scale
CDM project activities

Appendix B of the Simplified Modalities and Procedures for Small-Scale CDM project activities contained
both the General Guidance and Approved Methodologies until version 07. After version 07 the document
was divided into separate documents: ‘General Guidance’ and separate approved small-scale
methodologies (AMS).

Version Date Description

07.0 25 November 2005 EB 22, Para. 59
References to “non-renewable biomass” in Appendix B deleted.

06.0 20 September 2005 EB 21, Annex 22
Guidance on consideration of non-renewable biomass in Type |
methodologies, thermal equivalence of Type I GWhe limits
included.
05.0 25 February 2005 EB 18, Annex 6
Guidance on ‘capacity addition’ and ‘cofiring’ in Type |
methodologies and monitoring of methane in AMS-III.D included.
04.0 22 October 2004 EB 16, Annex 2
AMS-II.LF was adopted; leakage due to equipment transfer was
included in all Type | and Type Il methodologies.
03.0 30 June 2004 EB 14, Annex 2
New methodology AMS-III.E was adopted.

02.0 28 November 2003 EB 12, Annex 2

Definition of build margin included in AMS-I.D, minor revisions to
AMS-ILA, AMS-III.D, AMS-II.E.

01.0 21 January 2003 EB 7, Annex 6

Initial adoption. The Board at its seventh meeting noted the
adoption by the Conference of the Parties (COP), by its decision
21/CP.8, of simplified modalities and procedures for small-scale
CDM project activities (SSC M&P).

Decision Class: Regulatory
Document Type: Standard
Business Function: Methodology
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1. Introduction

1. The following table describes the key elements of the methodology:

Table 4. Methodology key elements

Page

Typical project(s) Production of Biogenic Compressed Natural gas (Bio-CNG)
from biomass and use in transportation applications. The
Bio-CNG is derived from various sources such as biomass
from dedicated plantations; waste water treatment; manure
management; biomass residues etc.

vehicles

Type of GHG emissions Renewable energy.
mitigation action Displacement of more-GHG-intensive fossil fuel used

2. Scope, applicability, and entry into force

2.1. Scope

This methodology comprises activities for production of Biogenic Compressed Natural
Gas (Bio-CNG) from biomass including biomass residues and cultivated biomass to be used in
transportation applications. Biomass cultivated for production of the Bio-CNG should be sourced

from dedicated plantations.
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The project activity involves installation and operation of Bio-CNG plant that includes:
Anaerobic digester(s) to produce and recover biogas;

Biogas treatment system that includes processing, purification and compression of the
biogas to obtain up-graded biogas such that methane content, its quality and the physical and
chemical properties are equivalent to the CNG;

Filling stations, storage and transportation.

This methodology covers the use of Bio-CNG in various types of transportation
applications such as Compressed Natural Gas (CNG) vehicles, modified vehicles. Examples
include buses, trucks, three-wheeler, cars, jeeps, etc.

If the part of the recovered biogas is injected into a natural gas distribution grid,
emission reduction for that component of the project activity can be claimed following the
provisions in annex 1 of “AMS-IIl.H: Methane recovery in wastewater treatment”.

2.2. Applicability

This methodology is applicable if the methane content of the upgraded biogas is in
accordance with relevant national regulations and in their absence a minimum of 96 per cent (by
volume).

If the project activity utilizes biomass sourced from dedicated plantations, the
applicability conditions prescribed in the methodological tool “project emissions from cultivation
of biomass” shall apply.

The retailers, final users (where applicable) and the producer of the Bio-CNG are bound
by a contract that states that the final consumers and retailers shall not claim emission
reductions resulting from its consumption. Only the producer of the Bio-CNG can claim emission
reductions under this methodology.

The export of Bio-CNG produced under this methodology is not allowed.

The digested residue waste leaving the reactor shall be handled aerobically and
submitted to soil application, the proper procedures and conditions not resulting in the methane
emissions shall be ensured; otherwise the emissions shall be taken into account as per relevant
procedures of “AMS-IIl.AO: Methane recovery through controlled anaerobic digestion”.

Measures are limited to those that result in emission reduction of less than or equal to
60 kt CO, equivalent annually. Where applicable the sum of the emission reductions from all
Type Il components of a project activity should comply with 60 kt CO, equivalent annually.

2.3. Entryinto force

The date of entry into force is the date of the publication of the EB 79 meeting report on
1 June 2014.

3. Normative references

Project participants shall take into account the “General guidelines for SSC CDM

methodologies”, “Guidelines on the demonstration of additionality of small-scale project activities”
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provided at: <http://cdm.unfccc.int/methodologies/SSCmethodologies/approved.html> mutatis
mutandis.

This methodology also refers to the latest approved versions of the following approved
methodologies, guidelines® and tools:

“General guidance on leakage in biomass project activities”;

“AMS-IIl.H: Methane recovery in wastewater treatment”;

“AMS-III.AK: Biodiesel production and use for transport applications”;
“AMS-II1.AO: Methane recovery through controlled anaerobic digestion”;

“Tool to calculate baseline, project and/or leakage emissions from electricity
consumption”;

“Project emissions from cultivation of biomass”;
“Tool to calculate project or leakage CO, emissions from fossil fuel combustion”

“Upstream leakage emissions associated with fossil fuel use”.

4. Definitions

The definitions contained in the Glossary of CDM terms shall apply.

5. Baseline methodology

5.1. Project boundary
The spatial extent of the project boundary encompasses:
The Bio-CNG plant;

Where applicable, transportation of biomass from the point of their origin to Bio-CNG
plant;

Where applicable, transportation Bio-CNG from biogas plant to filling stations where it is
used by final consumers;

The land at which the cultivation of biomass used for the production of Bio-CNG and/or
the area/region from where the waste organic matters for the production of Bio-CNG is sourced;

In cases where project participants carry out modification of gasoline vehicles to enable
the use of Bio-CNG, the vehicles shall be included in the boundary.

31 Please refer to: <https://cdm.unfccc.int/Reference/index.html>,
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5.2. Baseline emissions

Baseline emissions are calculated by using one of the two available approaches. Under
approach 1 baseline emissions are calculated based on the amount of Bio-CNG produced and
distributed, and it is applicable to project activities those are:

Use of Bio-CNG in modified diesel vehicles:;* and/or

Use of Bio-CNG in modified gasoline vehicles when such vehicles are not included in
the boundary.

Under approach 2 baseline emissions are calculated based on the quantity of Bio-CNG
filled into converted gasoline vehicles and it is applicable to the project activities that are the
production and use of Bio-CNG in modified gasoline vehicles when such vehicles are included in
the boundary and are monitored. Approach 2 is not applicable to the modified diesel vehicles.

5.2.1. Approach 1:

It is conservatively assumed that all Bio-CNG produced will displace CNG from fossil
origin and the baseline emissions are calculated as follows:

BEy, = FSgio—cnGy X NCVgio—cng X EFcozcne Equation (25)

Where:

BE, = Total baseline emission in year y (t CO€e)

FSpio—cnGy = Amount of Bio-CNG distributed/sold directly to retailers, filling
stations by the project activity in year y (tonnes)

EFcoacne = CO; emission factor of CNG (tCO,e/GJ), determined using reliable

local or national data. IPCC default values (lower value of 95 per
cent confidence interval (Cl)) shall be used only when country or
project specific data are not available or demonstrably difficult to
obtain. Values shall be updated if national values or IPCC values
changes

NCVgio—cne = Net calorific value of Bio-CNG (GJ/tonne).
If it is demonstrated that the methane content of the Bio-CNG is
minimum 96 per cent by volume then NCV of CNG shall be used.
For NCV of CNG, reliable local or national data shall the used.
IPCC default values shall be used only when country or project
specific data are not available or demonstrably difficult to obtain.
Values shall be updated if national values or IPCC values change

32 In contrast to the conversion of gasoline (Otto cycle) vehicles to use natural gas or CNG as a
fuel, the technologies for conversion of diesel engines will result in a variable efficiency drop
(or variable specific fuel consumption) depending on the operational conditions (load and
speed). Therefore, the efficiency drop varies according to the transportation service provided
by the vehicles during their use. Approach 1 assumes that the diesel vehicles have been
converted to run on natural gas, which is then considered being the baseline fuel.
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Under the condition of:

FSgio-cnGy < FPpio—cnG,y Equation (26)
Where:
FPgio_cney = Quantity of the Bio-CNG produced by the project activity in the

year y (tonnes)

5.2.2. Approach 2:

In cases where the project activity also undertakes the conversion of gasoline vehicles
including those vehicles in the project boundary, the baseline emission calculations are
calculated as per equations 3 and 4 below.

NCVgio—cneG Equation (27)
FCgasoline,k,y = FCBio—CNG,k,y X W n X fFO,gasoline
i

Where:

FCyasotine,ky = Amount of gasoline of fossil origin which would have been
consumed in the baseline by vehicle k in the year y (tonnes)

FCpip—cna ey = Bio-CNG consumed by the project vehicle k in the year y (tonnes)

NCV gio—cne = Net calorific value of Bio-CNG (GJ/tonne). The net calorific value of
the Bio-CNG shall be determined based on direct measurement of
a representative sample

NCV;, = Net calorific value of gasoline (GJ/tonne) that was used by project
vehicle k. In case the gasoline is blended with biofuels the NCV of
the blended gasoline shall be used. For NCVi reliable local or
national data shall be used. IPCC default values (lower value of
95 per cent CI) shall be used only when country or project specific
data are not available or demonstrably difficult to obtain. Values
shall be updated if national values or IPCC values changes

n = Discount factor to account for the possible drop in the fuel
efficiency of the retrofitted Bio-CNG vehicles. A default value of
0.95 shall be used for converted vehicles that previously used
gasoline

= Fraction of gasoline of fossil fuel origin. 1.0 if pure gasoline has
been displaced. In cases where national regulations require
mandatory blending of the fuels with biofuels then the fraction of
gasoline (on mass basis) in the blend should be applied

fFO,gasoline

Total baseline emissions for approach 2 are calculated on an annual basis as below:

Equation (28
BEy = Z FCgasoline,k,y X NCVgasoline X EFCOZ,gasoline q ( )
k
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Where:

BE, = Total baseline emission in year y (t COe)

NCV gosoline = Net calorific value of gasoline (GJ/tonne), determined using reliable
local or national data. IPCC default values (lower value of 95 per
cent CI) shall be used only when country or project specific data
are not available or demonstrably difficult to obtain. Values shall be
updated if national values or IPCC values change

EF ¢02,gasoline = CO; emission factor of gasoline (t CO,e/GJ)

Under the condition of:

Equation (29
ZFCBio—CNG,k,y < FPgio—cnecy q (29)

Where:
FCpio—cnG ky = Total consumed Bio-CNG by all project vehicles in year y (tonnes)

In the cases where project proponents apply both approach 1 and 2, project proponents
shall describe in the PDD how the double counting of emission reductions has been avoided.

5.3. Project emissions

The project emissions should be calculated as follows:

PEy = PEelec,y + PEfuel,y + PEtransport,y + PEcultivation,y + PECH4—,y Equation (30)
Where:

PE, = Project emissions in year y (t COe)

PE e = Project emissions due to electricity consumption in year y (t CO5,)
PE e, = Project emissions due to fossil fuels consumption in year y (t CO,)
PE transporty = Project emissions from transportation of the biomass from the

places of their origin to the biogas production site and where
applicable, transportation Bio-CNG from biogas plant to filling
stations where it is used by final consumers in year y (t CO,)

PE cyitivationy = Project emissions from biomass cultivation in a dedicated
plantation in year y (t COe)

PEcys, = Project emissions due to the physical leakage of methane from the
systems affected by the project activity for production, processing,
purification, compression; storage and filling of the Bio-CNG in
yeary (t CO.e)
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5.3.1. Calculation of PEgecy

The emissions include electricity consumption (including auxiliary use) PEgecy
associated with the operation of Bio-CNG plant, calculated as per the parameter PEgc, in the
“Tool to calculate baseline, project and/or leakage emissions from electricity consumption”.

5.3.2. Calculation of PEjyey

The emissions include fossil fuel consumption (including auxiliary use) PEgey
associated with the operation of Bio-CNG plant, calculated as per the parameter PEgc;yin the
“Tool to calculate project or leakage CO, emissions from fossil fuel combustion”, where each
combustion processes j in the tool should correspond to one of the fossil fuel consumption
sources of the plant.

In cases where it is demonstrated that the energy requirements of the biogas production
and treatment system and Bio-CNG plant are met only by renewable energy source the values of
PEeciecy and PEgey are considered as zero.

5.3.3. Calculation of PEgyansporty

Project emissions from transportation of the biomass and/or waste organic matters from
the places of their origin to the biogas production site and where applicable, transportation
Bio-CNG from biogas plant to filling stations where it is used by final consumers have to be
accounted following the procedures in “AMS-I1I.AK: Biodiesel production and use for transport
applications” if the transportation distance is more than 200 km, otherwise they can be
neglected.

5.3.4. Calculation of PEcuiivation,y

If the project activity utilizes biomass sourced from dedicated plantations, project
emissions from biomass cultivation shall be calculated as per the methodological tool “Project
emissions from cultivation of biomass”.

5.3.5. Calculation of PEca,y

Project emissions associated with the physical leakage of methane from the systems
affected by the project activity are calculated as follows:

PEchayy = PEsp,y + PEgio—cne,y Equation (31)
Where:
PEp, = CH, leakage emissions from the anaerobic digesters in year y
(t COge)
PEgio—cney = Project emissions of CH, from biogas and Bio-CNG processing,

upgrading, purification, compression, storage and transportation
(leaks and dissolved in wastewater) in year y (t CO.e)
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5.3.6. Methane emissions from physical leakage emissions from the anaerobic digesters
(PEaoy)

Methane emissions due to physical leakages from the digester and recovery system
(PEapb,) shall be estimated using a default factor of 0.05 m? biogas leaked/m? biogas produced.
For ex ante estimation the expected biogas production of the digester may be used, for ex post
calculations the effectively recovered biogas amount shall be used for the calculation.

5.3.7. Methane emissions from physical leakage due to the biogas treatment system
(PEBio-CNG,y)

The following project emission sources shall be determined as per the relevant
procedures in annex 1 of “AMS-IIl.H: Methane recovery in wastewater treatment”:

Methane emissions from the discharge of the upgrading equipment are determined;
Fugitive methane emissions from leaks in compression equipment;
Methane emissions due to the vent gases from upgrade equipment;

Methane emissions related to physical leakage from filling operations shall be computed
as per the procedures for calculating emissions from compressor leaks as per paragraph 32 b)
above;

Where applicable methane emissions associated with the physical leakage of the
upgraded biogas from the dedicated pipelines;

Where applicable methane emissions due to physical leakage from Bio-CNG/biogas
filed bottles (e.g. mobile cascades) which are used for the storage and transportation of
Bio-CNG/biogas.

The digested residue waste leaving the reactor shall be treated aerobically, and
disposed in land properly, such as to avoid methane emissions. If disposed under anaerobic
conditions (e.g. landfill) the methane emissions shall be estimated and discounted as project
emissions following the relevant provisions in “AMS-111.AO: Methane recovery through controlled
anaerobic digestion”.

5.4. Leakage

Leakage emissions LEgomassy due to competing use of biomass shall be accounted for
as per the approved “General guidance on leakage in biomass project.

The substitution of Bio-CNG for CNG from fossil origin reduces indirect (“upstream”)
emissions associated with the production of fossil CNG and is treated as negative leakage
LErrocessy.cne that can be calculated as per the latest approved version of the tool “Upstream
leakage emissions associated with fossil fuel use”.

The substitution of Bio-CNG for gasoline reduces indirect (“‘upstream”) emissions
associated with the production of gasoline and is treated as negative leakage LEprocessy,cas
(leakage emissions related to production and refining of the gasoline) that can be calculated
using the latest approved version of the tool “Upstream leakage emissions associated with fossil
fuel use”.
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Negative leakage emissions related to the avoided production of fossil fuel (CNG,
gasoline) (t CO,/yr) shall be calculated as per the equation below:

LEprockss,y,rr = LEprocEss,y,cnG + LEprocEss,y,cas Equation (32)
Where:
LEpRocEss,y,rr = Leakage related to the avoided production of fossil fuel (t CO./yr)

5.5. Emission reductions

The emission reductions achieved by the project activity shall be calculated as the
difference between the baseline emissions and the sum of the project emissions and leakage.

Where:
ER, = Emission reductions in the year y (t CO»€e)

6. Monitoring methodology

Relevant parameters shall be monitored as indicated in the Tables below.

Parameters for determining project emissions from biomass cultivation shall be
monitored as per relevant provisions of “AMS-III.T: Plant oil production and use for transport
applications”.

Parameters for calculating methane emissions from physical leakage of methane from
the systems affected by the project activity for production, processing, purification, compression;
storage and filling of the Bio-CNG shall be monitored as per the procedures prescribed in
AMS-II1LH.

Parameters for establishing methane emissions from residue waste disposed under
anaerobic conditions shall be monitored as per relevant procedures of AMS-III.AO.

The applicable requirements specified in the “General guidelines for SSC CDM
methodologies” (e.g. calibration requirements, sampling requirements) are also an integral part
of the monitoring guidelines.

Evidence shall be provided to demonstrate that the modification of gasoline vehicles has
been implemented.

In the case of approach 2, the filling stations must be equipped with the following
devices/systems:*®

33 The PPs are encouraged to propose a revision of the methodology for allowing/including other
alternative procedures.

186



AMS-III.H

Small-scale Methodology: AMS-IIl.H: Methane recovery in wastewater treatment
Version 18.0

Sectoral scope(s): 13

Automatic Number Plate Recognition (ANPR); or Electronic Vehicle Identification (EVI);

Automatic locking and unlocking function of dispenser directly controlled by equipped
device/system responsible for project vehicle identification to ensure that all the Bio-CNG that is
produced is only consumed in the project vehicles;

System for logging of the data on quantity of Bio-CNG filled into identified project
vehicles;

Natural gas analyzer capable of analysing ethane and propane to ensure that the gas
delivered to the vehicle by the dispenser does not contain ethane or/and propane.

6.1. Parameters to be monitored
Data / Parameter table 11.

Data / Parameter:

FCaio-cNaky

procedures (if any):

Data unit: t
Description: Bio-CNG consumed by the project vehicle k in the year y
Measurement Measurements of the amount of Bio-CNG filled into vehicles of the

end users are undertaken using calibrated meters at the filling station
site.

Measurements results shall be cross-checked with production and
sales data

Monitoring frequency:

Continuously

Any comment:

Data / Parameter table 12.

procedures (if any):

Data / Parameter: FSgio-cnG.y

Data unit: t

Description: Amount of Bio-CNG distributed/sold directly to retailers, filling stations
by the project activity in year y

Measurement Measurements of the amount of Bio-CNG distributed/sold to

retailers/filling stations are undertaken using calibrated meters at the
delivery section of Bio-CNG production site.

Measurements results shall be cross checked with records for sold
amount (e.g. invoices/receipts) and with the amount of biogas
produced

Monitoring frequency:

Continuously or in batches

Any comment:

Data / Parameter table 13.

procedures (if any):

Data / Parameter: FPgio-cnG.y

Data unit: t

Description: Quantity of the Bio-CNG produced by the project activity in the year y
Measurement Measurements are undertaken using calibrated meters at the outlet of

the biogas upgrading section of the Bio-CNG production site

Monitoring frequency:

Continuously

Any comment:

Data / Parameter table 14.
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procedures (if any):

Data / Parameter: NCVgio-cnG

Data unit: GJnt

Description: Net calorific value of Bio-CNG

Measurement Measured according to relevant national/international standards

through sampling.
Analysis has to be carried out by accredited laboratory

Monitoring frequency:

Monthly or as prescribed by the applied national/international
standard

Any comment:

Data / Parameter table 15.

procedures (if any):

Data / Parameter: NCV;

Data unit: GJn

Description: Net calorific value of gasoline/blended gasoline that was used by
project vehicle k

Measurement Measured according to relevant national/international standards.

Analysis has to be carried out by accredited laboratory

Monitoring frequency:

At the validation, and annually during the crediting period

Any comment:

Data / Parameter table 16.

procedures (if any):

Data / Parameter: W CHay

Data unit: %

Description: Methane content in the Bio-CNG

Measurement The fraction of methane in the gas should be measured with a

continuous analyzer or, alternatively, with periodical measurements at
a 90/10 sampling confidence/precision level. It shall be measured
using equipment that can directly measure methane content in the
biogas - the estimation of methane content of biogas based on
measurement of other constituents of biogas such as CO, is not
permitted. The methane content measurement shall be carried out at
the location where FPgjocnGy iS measured

Monitoring frequency:

Continuous/periodic

Any comment:

Data / Parameter table 17.

procedures (if any):

Data / Parameter: fro.gasoline

Data unit: %

Description: Fraction of gasoline from fossil fuel origin in the displaced gasoline
Measurement As per the following options (in preferential order):

(i) Data from the supplier of the gasoline;

(ii) If it accrues to national regulations requiring mandatory blending
of biofuels, the regulatory blend fraction may be used,;

(i) If measured, it shall be according to relevant national/international
standards through sampling

Monitoring frequency:

Continuously or in batches

Any comment:
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6.2. Project activity under a programme of activities

The methodology is applicable to a programme of activities.
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