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CDM

1.1.
13 ()
FELDA
CDM CDM
2 H14 POME
FS CDM
FELDA 2000 1,900 1,010
23 POME
CER
CER 5US$/t_CO, 1,500
FELDA
1.1.1.
15 4 1 RPS
EFB Empty Fruit Bunch, EFB
FELDA 1

FELDA



1 1 RPS

1
3
kiWh
15 16 17 18 19 20 21 22
73.2 76.6 80.0 83.4 86.7 92.7 103.3 122.0
4
5
5 6
8
100
1.1.2.
13 FELDA 3 FELDA
S 500m? 14
FELDA
15 12
16 2




500m?

FELDA
FELDA
1,500
15 10 16 2

1 2 500m? 1
1.1.3. CDM
FELDA 3 CDM
[ )
5US$/CO,_t
[ )
RPS
EFB

e S 500m?®

CER

EFB



FELDA CDM Crude Palm Oil, CPO
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1.2

EFB

EFB

EFB

4,500Mcal/t POME

Palm Oil Mill Effluent, POME
POME
1 4 t EFB 9 t POME
1t
4 t
350

EFB1,400Mcal/t
5,000Mcal/m?

2,700Mcal/t
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1.3.1.

FFB
EFB
FFB

700t

1.3.2.

EFB

150km
FFB 60t/h FELDA
1 31 t
62,000t CPO
POME
0.5 S
POME
15,000ppm
S
8,000t
FFB
310,000t.y
POME
FFBx 0.5 = 155,000tly
1 4
1t FFB CPO
S 5,270MWh
FFB 3 :1.16 MWh/t
FFB 10
360,000m?
6,970MWh
12,240MWh

13

Fresh Fruit Bunch,
74,400tly 65%

155 t POME

COD 50,000ppm
14,700t

EFB

CPO
FFB x 0.2 = 62,000t/y

Fibre
FFBx 0.135 = 41,850t/y

Shell
FFBx 0.065 = 20,150t/y

EFB
FFBx 0.24 = 74,400tly

17kWh

=1,000Mcal/t
FFB 1
6,010t/y

CPO



1 5 S
CPO
FFB FFB FFB  |FFB
t resly kWh/t_ g MWhly t crply t /t FFB MWh/t_ MWhly  |MWhly
310,000 17 5,270 310,000 0.00194 1.16 6,970| 12,240
S 74,400t EFB 41,850t 20,150t
380GWh
S 1 6
19,600MWh/y
15,600MWh/y 35,200MWhly
12,240MWhly
EFB POME
18,500MWh 4,700MWh 98,600MWh 15,100MWh
1 6 S
FFB
tly % % GW ly % GW Jy % GW ly
EFB 307,000 24% 100% 123.2 15% 18.5 80% 98.6
307,000 13.5% 100% 130.4 15% 19.6 80% 104.4
307,000 6.5% 100% 104.3 15% 15.6 80% 83.4
POME 307,000 50% 100% 18.9 25% 4.7 80% 15.1
376.8 58.4 301.4
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1.4.

FELDA S
POME
POME
CDM
1 POME
EFB
EFB
CDM
POME POME COD 50,000ppm
15,000ppm
C/N
POME
EFB EFB
EFB

E3 3

15



1 7 E3

2003 2004 2004 2005 2006 | 2007 | 2008 | 2009 | 2010 | 2011 2012
" K 200 KL
60 120 kI
1 50 /L = 50 /L
-1 50 /L y 40 /L - 30 /L 25 |
10
30
230
50,000
2 [ 5 kL 5700 KL
coz2 kL [ 200 kL
CO, 200 _t-CO, 250 _-CO,
=
E3 K 100 /L 100 /L 100 /L
s 102 /L 101102 /L 101 /L
N 02 03 /L 0.4 05 /L 05 /L
( )
*1 45 50 /L
*2 ( 137)
*3 21/ 77 200 7
*4 E3
*s5 E3 L E3 1012L 34.6MI/L 212MI/L
*6 E3

CDM

16




CDM

-

—» cPo S
FFB x 0.2

<
Fibre

FFB > FFBx 0.135

— Shell
FFBx 0.07
EFB
FFBx 0.24

POME
FFBx 0.5

Senariol
POME

18
CPO POME POME
POME
EFB EFB EFB
CDM CER
EFB
CDM
FFB POME

17



CDM

-

v

CPO S
FFB x 0.2

FFB Fibre

FFBx 0.135

Shell
FFBx 0.07

vv v4t

EFB
FFBx 0.24

POME
FFBx 0.5

CDM

Senario?2
EFB
b
1 9
EFB 10
CDM CER
FFB POME
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CDM

-

v

cPO S
FFB x 0.2

FFB Fibre

FFBx 0.135

Shell
FFBx 0.07

v v v ¢

EFB
FFBx 0.24

POME
FFBx 0.5

CDM

Senarios.
EFB

EFB 10

CDM CER

FFB POME
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15 CDM METH

7 2 21
S
6 PDD
2.1.

2.2.
2.3.

4 I
2.4.
2.5. KIT-UPM
2.6. POME

N )

4 I
2.17.
2.8.
2.9.

\ )
2.10.

4 CDM Methodology Panel

21



2.2.

CDM
Business as Usual, BaU CDM
POME
POME
BaU
2.2.1. POME
EFB POME
CPO 2 1 CPO
C )
( ( ( )
1
FFB
0,
CPo 26(3’ //0 Malaysian Oil Palm Statistics 2002
0
EFB 24.0% Feasibility Study on Grid Connected Power
13.5% Generation Using Biomass Cogeneration
6.50 Technology 2000,PTM
. 0

22




POME COD 50,000ppm POME
1
2m BOD COD
Sime Darby
2 3 FELDA
72 POME 2002
FELDA
2 3 FELDA POME
CPO
)
2 4,000 5,000 50% 50% 0% 0% 100%
19 3,000 4,000 11% 89% 0% 0% 100%
34 2,000 3,000 29% 59% 12% 0% 100%
17 2,000 24% 59% 18% 0% 100%
72 25% 65% 10% 0% 100%
POME
o FELDA
2 4 L FFB
370m? C 196m?*
S 30m?

23




2 4 FELDA FFB

FIFB FFB
L 5,000m>x 4 = 20,000m” 54t/h 370m?/(t/h)
C 150 m*x 4 = 600m” 54t/h 196m?/(t/h)
5,000m*x 2 =10,000m”
S 300m?x 6 =1,800m> 60t/h 30 m*(t/h)
[ ]
POME

0.2 0. 35kg_BOD/m3/day

0.8 ]_.Okg_BOD/mS/day

6m

Ph

POME 3

Oil Palm and the Environment- A Malaysian Perspective, 1999
5.3 14%

24
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45 20 10
0.2 0.35 (kg_gop /m®day) | 0.8 1.0 (kg_gop/m®/day)
2.2.2. BaU
CDM 10 EB10 Report Annex1 CDM
BaU a)
BaU
a)
b)
c)
CDM
d)
X
[
a)
Decision Tree BaU
BaU
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° BaU

° BaU
° BaU
POME BaU A E
1 3 BaU
A POME 7
A POME
POME
POME
POME
POME
A No POME BaU
B POME
B
C
C
BaU CDM
BaU CDM
D CDM
D

CDM
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BaU CbM
E
POME POME
E POME
BaU
BaU POME
[ Al
POME
7
No Yes
02 v
POME [ B]
POME
No Yes
v v
[ Cl [ Cl
Nog [ Yes No Yes
D] [ D]
CDM CDM
o ‘ Ve Illo Yeg
y | [ E
No es
v
2 6
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S BaU

2 6 S BaU
[ A] POME 7
S POME POME
7
A No
POME 1
Yes. B
[ B] POME
S 3,600m? 6 2 12
POME
No. C
[ C]
POME
7
No
No. D
[ D] CDM
5
2001 SREP
S
SREP 10km
S SREP
SREP
- 900kW
- 30%
- 0.16RM/kWh SREP
- 5,375MWh
- IRR 2.0%
CDM IRR 2.0 BaU
No.
S BaU POME 2
A
POME BaU 1
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2.3.

2.3.1.
3 1.4
[ ]
o 1 POME
o 2 EFB
o 3 EFB
[ ]
o POME
. CDM
e EFB EFB
CDM
27
2 7
1 2,3
2.7.1.
2.7.2.
EFB 2.7.3.
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1 POME

EFB

POME

CDM EFB

CDM

\

FFB

POME

FFBx 0.5

CPO S
FFB x 0.2

Fibre
FFBx 0.135

Shell
FFBx 0.07

EFB
FFBx 0.24

P S A S

FFB

CDM

Senariol

POME

CDM

ex-post
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GHG

GHG

FFB

Co,

N,O

CH,

ex-post

ex-post

ex-post

POME

Co,

N,O

CH,

POME

CO,

N,O

CH,

EFB

Co,

N,0

CH,

Co,

Co,

N,O

CH,

Co,

N,O

CH,

GHG

No.

GHG

FFB

CO,

N,O

FFB CPO

CO,

N,O

XX |X|X]|X]|X

CH,

oOlOo|Oo|X|X]|X

ex-post
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2,3 EFB EFB
FFB
POME
POME

CDM

POME

CDM

-

CPO
FFB x 0.2

Fibre
FFBx 0.135

Shell
FFBx 0.065

EFB
FFBx 0.24

POME
FFBx 0.475

CDM

SenarioZ
EFB

Senarios,

EFB

2 11 2,3
2 12 o x
CDM FFB
ex-
post CDM 2 13
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GHG

2,3

No.

GHG

FFB

CO,

N,O

CH,

ex-post

POME

CO,

CO,

CO,

N,O

CH,

POME

CO,

CO,

CO,

N,O

CH,

COD

COD

CO,

N,O

CH,

CO,

N,0

CH,

CO,

N,O

CH,

GHG

2,3

GHG

FFB

CO,

N,O

CH,

ex-post

FFB

CPO

CO,

X XXX

N,0

CH,

O |o|o|o

ex-post

2.9.

2.7.
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2.4.

e FFB
°
°
°
2.4.1.
2.4.2. FFB

FFB

FFB

POME

BaU

34
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- FFB

- FFB

- FFB

2.4.3.
CDM

FFB

FFB CPO

2.4.4.
POME

FFB

CPO

FFB

FFB

CDM

FFB

2.4.3.
2.9.1.FFB
2.9.2.FFB

FFB

CPO

35
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FFB

FFB
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Covered lagoon

POME
POME
2003 KIT-UPM
58 36%
65%
65 Malaysia National Greenhouse
Gas Inventory 1994
POME
[ ]
o 52
20
[ ]
2 14
58% KIT-UPM
36% KIT-UPM
65%
2.4.2.FFB
2.5.KIT-UPM

36



2.4.5.
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2.5.

2.5.1.

KIT-UPM
KIT-UPM

, 20

2.5.1.

2003

FELDA

SE

2 15 POME

POME
2.5.2.COD

14

KIT-UPM
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0.7m?
0SK14608,
XP-314A,
58% 36%
2 17
FELDA SE FELDA S
1,52 1 .20

58%

36%
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60 70%

2.5.2. COD
POME POME
KIT-UPM POME
COD COD
COD
COD¢,
2003 11 1.5 12
0.7 m*
OSK14608, XP-314A,
2 21 No3, No4 Mixing pond
2 20
0.7m?
0SK14608,
XP-314A,
' Cooling pond | Pump house
> -

> <]
— Y R
» <« ‘,\‘\

oy

N
Mixing pond g

41



22

COD Mixing pond COD
COD No3, No4 COD
No3, No4
POME
COD
X X
1 1
(kg/day/tank)
1 1
(kg/day/tank) 5
(%)
39.8%
2 23
COD 43.3 kg_COD/mS_POME
COD 8.3 kg_COD/mS_POME
COD 35.0 kg cop/m® poug
22.1 m3_BIOGAS/ mS_POME
39.8 %
24 1 COD
2 24
COD kg 0.152kg
COD
COD kg 0.238kg
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0.105kg

1600 T T T T T 1 T T T T T T T T T T
i~ - 3
E 1400 ]
= 1200 [ ]
NS C ]
é 1000 [ i

800 F //E

600 [ e

400 F SOt ]

200 Frmgn e :

0 % L1110 L1110 L1110 L1110 ' A
0 1000 2000 3000 4000 5000 6000
COD [kg/day /tank]

2 24 1 COD
2 25 COD
COD
kg CH,/kg cop)
0.152
0.238
0.105
COD
POME
COD
POME POME

POME
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2.6. POME

POME
[ 1] POME
[ 2] COD IPCC
IPCC
POME
2.6.1. POME
Malaysia National Greenhouse Gas Inventory 1994 POME
CPO CPO POME
(CPO) POME X X X @)
(R—(CPO - POME)) (R—(POME = BIOGAS)) (R_(BIOGAS - METHANE))
. COD
e POME 28m3_BIOGAS/ mS_POME
. 65
2 26
CPO t
R (CPO - POME) m3,P0ME/ t cro 2.5
R (POME —. BIOGAS) mS_BIOGAS/ mS_POME 28
Rf(BIOGAS _ METHANE) msfMETHANE/ mszIOGAS 0.65
a t/m? 6.5x 10

44



2.6.2. COD IPCC )
IPCC Revised 1996 IPCC Guideline
3
COD MCF 0 1
COADCOD X % [ !
B, 0
IPCC KIT-UPM COD
COD
A COD
A COD POME COD COD
COD COD A COD
A COD POME COD
POME COD
COD COD COD
A COD COD,, COD,,,
COD COD % COD
A COD COD,, RemovalEfficiency
B,
B, COD
Revised 1996 IPCC Guideline B, (0.25)
MCF
MCF B,
MCF
IPCC MCF 1
0
MCF
COD B
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COD COD MCF 0 1
X [ 1
B B, 0
POME
X X + | CcoD
R poue mocas R_mocas vmmane)
R_(POME - BIOGAS)
POME 20
28m* “"Malaysia National Greenhouse Gas Inventory 1994”
28m*
24m*
RfPOMEﬁBiogas =24 (mS—Biogas/ m’_poyp)
R_(BIOGAS -~METHANE)
R_(BIOGAS -~METHANE)
Revised 1996 IPCC
Guidelines 2 3m
4 Tm MCF
1 KIT-UPM
6m MCF
MCF MCF
1~7m
MCF
10m 10m
KIT-UPM
MCF
2 27
2 27 POME
58% 36% 65%
6m 10m 10m
KIT-UPM KIT-UPM
2.5.1.

46



(T latm
27

vV =V, x (273+T) 273

=22.4x (273+T) 273(L/mol) 27 ,latm

=24.6
a =1 + 27 1

=16x 103(kg/mol)+ 24.6(L/mol)

=6.50x_10*(t/m?

POME COD
POME COD
ACOD .. = POME COD X COD
= COD\peore aver RemovalEfficiency ..
POME COD 50,000 mg/L) COD
COD 90
500m?
POME
COD KIT-UPM
COD 81%
COD
COD
85 80%
2 28 POME COD
|
CODbefore ave 005(t/m3)

RemovalEfficiency .. | 0.85 0.80 | 0.90

Oil Palm and the Environment ~A Malaysian Perspective (1999)
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R pome-Biocas s R @iocas_merhang » 8, A COD COD
B 2 29
2 29 COD
B 0.213 0.140 0.225
B

)
=24(m® gogas/m® poup)* 0.58(” yprpane/M® progag)* 6.50x 107*(t/m?) + (0.05(t/m*)x 85(%))

=0.213

B( )
=24(m® gogas/m® poyp)* 0.36(” yprane/M® progas)* 6.50x 107*(t/m?) + (0.05(t/m*x 80(%))
=0.140

B( )
=24(m” gogas/m® poyp)* 0.65(0° yprpane/M? progag)* 6.50x 107*(t/m?) + (0.05(t/m*x 90(%))
=0.225

MCF
B B, MCF 2 30
2 30 MCF

MCF 0.852 0.560 0.900
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KIT-UPM MCF
MCF KIT-UPM 2003 9
11 1.5 12 COD
MCF
KIT-UPM MCF MCF
2 31
2 31
POME
POME R pone - BI0GAS) 22.1 m*m?® | KIT-UPM
R,(BIOGAS -~ METHANE) 3 9 . 8% KIT— UPM
a 6.5x 104 t/m® [ 27 1
COD COD, .. 43.3 kg/m® | KIT.-UPM
COD COD, ., 8.3 kg/m® | KIT-UPM
COD B
B =22.1 (m¥/d)x 39.8(%)x 6.5x 10 (t/m°) + 0.0433(t/m® 0.0083(t/m® =0.163
B B, MCF MCF
0.652
MCF =B B,
=0.163 0.25
=0.652
MCF  0.560
POME
COD COD
L 4
1.5
2.5.2. COD
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2.17.
CDM

METH

CDM

2.7.1. POME
[Stepl] POME
[Step2] POME

— =

/2.7.3. \

— =

/2.7.2.

~

GHG GHG
EFB
[Stepl] [Step1]

EFB
k[Stepz] GHG j \[Step2] GHG
2.7.1. POME CH,

POME
2.7.2. 2.7.3. GHG
FFB
FFB |12 CPO
POME
................ P :
\ 4 v
[Step1] POME ‘ CH, ‘ ‘ CO, ‘
Stepl1.1. FFB N
Step1.2. FFB CPO
Step1.3. CPO
Stepl.4. CPO POME
Stepl5.  POME [Step2]  POME CH,
Step2.1. POME
COD
Step2.2.
Step2.3. MCF
Step2.4. POME
2 32 FFB

50



[Stepl] POME

7 FFB : FFB (Average) (t/Y)
FFB : FFB,gv, (t/y)
FFB : FFB; projecy) (ty)
FFB :A FFB; (tly)
FFB CPO : R_@rn_ cro) (t_cpo/t_rrp)
CPO POME :R_cpo.. POME) (mS_POI\_/IE/ t_cro)
Stepl.l. FFB FFB;g.u
BaU FFB 7
FFB FFB gav) 7

FFB

7
FFBrya Bal) — Z FFB i(BaU) (t)

i=1

FFBueragy 2 FFBirojecr)
FFB, .0, FFB proiecr
A FFB; 0
Case2 FFBuerzy <  FFBipuecs
FFB, .0, FFB yerno
A FFB; FFBpjecy  FFBigay)
Stepl.2. FFB CPO R_F¥s. cro)
BaU FFB CPO
FFB
CPO 7
CPO CPO

7
R_(FFBaCPO) = {Z Ri_(FFBﬁCPO) } = 7 (t_CPO/t_FFB)

i=1

2.4.2.FFB

51
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Stepl.3. CPO CPO;g.v)
CPO FFB CPO
1 CPO

CPO i(BaU): FFB i(BaU) X R—(FFBQCPO) (t—CPO/Y)

Ste'pl.4. CPO POME R (CPO . POME)
CPO POME
Stepl.5. POME POME ;v
POME CPO CPO
1 POME
POME i(BaU) = CPO i(BaU) x R’(CPO - POME)

= FFBig.yy * R_gme.cro x

POME
POME i(BaU)

R(CPO - POME)

[Step2] POME
Revised 1996 IPCC Guideline POME

POME COD : COD,ofore(mg/L)

POME COD : COD,4,,(mg/L)

COD : ACOD(kg/m®_popg)
POME COD : CODbeforefave(mg/L)

COD : RemovalEfficiency

COD : RemovalEfficiency ..

: MCF

: a(t/m®)
:T(C )

: V(L)

: Vo(L)

: By (kg_CH/kg_cop)
: B (kg_CH/kg_cop)

. 3 3
POME : R_(POMEQBIOGAS) (m —Biogas/ m°_powmg)

. 3 3
: R_(BIOGASHI\_/IETHANE) (M°_yethane/M _ngz_is)

52




POME

POME
(kg_CH,/ mB_POME)

= COD

ACOD(kg/m?®_poym)

X

B(kg_CH,/kg_cop)

Step2.1. POME COD
COD POME COD
Casel Case2
Casel POME COD
COD POME COD
ACOD(kg/m? poym) = COD COD
= CODbefore (mg/L) CODafter(mg/L)
Case2 POME COD
POME COD COD
POME
ACOD(kg/m’_poyp) = COD COD
= COD, .4y (mg/L) RemovalEfficiency %
Step2.2. B,
B, COD
Revised 1996 IPCC Guideline B, 0.25
Step2.3. MCF
2.6.2.COD
MCF, = B B, =0.852
MCF . = B ) B, =0.560
MCF, . = B ) B, =0.900

53
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MCF

COD

COD

MCF



Step2.4. POME

Step2.1. 2.3. POME

POME (t_CH))

CH, gavyroms =  ACOD(kg/m’_poyp) % By(kg_CH,/kg_cop) X MCF

POME CO,  (t_COy)

GHG(BaU)/POME =  ACOD(kg/m’_poyp) X Bo(kg_CH/kg_cop) X MCF  x GWP cna
[Step3] POME GHG

Stepl 2 1 POME

CH4 i(BaU)—POME

=POME;3,u;, * CHygav) pome

POME GHG

GHG g,u)_roue
7
= Z CH, gavy—romr X GWP cpy

i=1

2.7.2. GHG
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[Step1]
Stepl.1.
[Step1]
Step1.2.
[Step2] GHG
GHG GHG
2 33 FFB
[Stepl]
CER
COD : ACOD(kg/m’_poyp)
: By (kg_CH/kg_cop)
CH4 : MCF(Project)
: CHyproject—pomr(t/y)
. HV—Methane(MJ/kg)
N : CF(kWh/MJ)
: Efficiency(%)
Stepl.1

2.8.1.

CH4 i (Project)—POME(t—CH4)
= POME;p,je.y * ACOD(kg/ m’_poye) X By (kg_CH/kg_cop) X MCF pject)
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Ste'p 1.2 (Heat= replaced)
HV_Methane CF

Efficiency

H € at7 replaced(MWh)

7
= Z CH,iproject—pome () X HV_yenanMd7kg) x  CF(kWh/MJ) x  Efficiency(%)

i=1

[Step2] GHG
CO, : EF(repIacedﬁCO2) (kg/kWh)
CH, : EF(repIacequHzl) (kg/kWh)
N,O : EF(repIacequZO) (kg/kWh)
CH, : GWP ¢y
N,O : GWP 20,

: Heati— replaced (MWh/Y)
: LossRatio ,e.(%)

: LossRatio ,.cca(%0)

LossRatio e, LossRatio ,epacea

COZ—replaced (t—C 02)

= Heati— revlaced EfﬁCienCy X (1 LOSSRatio_proiect) + (]. LOSSRatiO_replaCed) X EF(reDlaced - C02)
(MWhy) (kg/kWh)

CH4— replaced (t7C02)

= Heati— revlaced EfﬁCienCy X (1 LOSSRatio_proiect) + (]. LOSSRatiO_replaCed) X EF(renlaced - CH4) x GWP(CH4)
(VR (kg/kWh)

N207 replaced (tchQ)

= Heati— revlaced T+ EfﬁCienCy X (1 LOSSRatio_proiect) + (]. LOSSRatiO_replaCed) X EF(reDlaceda N20) x GWP(NZO)
(VR (kg/kWh)

GHG_ replaced (t_COZ) = COQ_ replaced + CH4_ replaced + NZO_ replaced
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2.7.3. GHG EFB
EFB 2
°
°
GHG
T FFB__
| FFB
" | [Step1] EFB
| Stepl.1. EFB
i [Step1] EFB
. | Stepl.2. EFB
[Step2] GHG
GHG GHG
2 34 FFB
[Step1] EFB
CER
FFB : FFB; pyjec (ty)
EFB : Rprp_wrp(%0)
EFB : EFB i(Project) (t/y)
EFB s HV_ppp(MdJ/kg)
- : CF(kWh/MJ)

: Efficiency(%)
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Stepl.1 EFB

FFB FFB EFB
EFB
EFB; = FFB;projecy (t/y) x Rrp_ re(%0)
Stepl.2 EFB (Heat ,cpiced)
EFB EFB HV_yiethane CF
Efficiency
7
Heat ,ceaMWh) = EFB prjecy®) ¥ HV_peihaneMd/kg) x  CF(kWh/MJ) x  Efficiency(%)
i=1

[Step2] GHG

2.7.2. GHG
[Step2]
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2.8.

CDM

CDM

METH

2.8.1.

2.8.2. FFB

2.8.3.

2.8.1.

CO,

CO,

Voy%
Co,

|
v

VX%
CH,

v
GHG

P CPO
> POME s ssssssssssEjEsEEEEEgEEEEEEEEEEES
GHG

FFB
CDM

’ o,

CO,

2 35 FFB
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- CHygau) pome ()
- EFcha_.cop(t_CO,/t_ CH,)

CO,

C OZ_combustion(t_COZ) CI—Izl(BaU)_POME (t) x EF(CH4 - COZ)(t_CO2/t_CH4)

2.8.2. FFB
CDM FFB FFB

FFB

FFB —
| FFB |
i A i
2 36 FFB
( : TransportDistance (km)
: FuelConsumption (km/L)
FFB : AFFB(t)
: Load (t/vehicle)
COZ : EF(transporta C02) (kg/km)
CH4 : EF(tranSportaCH4) (kg/km)
NZO : EF(transport-»NZO) (kg/km)
CH,) : GWP ¢y
N2O) . GWP(N2O)
FFB FFB
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FFB
(GHGfTransport

C OZ-’I‘rasnport (t—c 02)

= AFFB+ Load x TransportDistance x 2x FuelConsumptionX EF ..ot co)

C H4—Trasnp0rt(t—c 02)
= AFFB+ Load x TransportDistance x 2x FuelConsumptionX EF yaneport . crgy X GWPcpy)

NZO—Trasnport(t—CO2)
= AFFB+ Load x TransportDistance x 2x FuelConsumptionX EF qoueert . n200< GWP 20,

GHG—Trasnport(t—COZ) = CO2—Trasnport + CH4—Trasnport + NZO—'[‘rasnport

2.8.3.

2 37
. ElectricityConsumption(kWh)
°N
CO, ! EF(gartup-— con) (KG/KWh)
CH, - EF gartup-.. cria) (KG/KWh)
N,O * EFgarup . n20) (KG/KWh)
C:H4 . GWP(CH4)
N,O - GWPp0
COy_startup(t_COy) = ElectricityConsumptionx Nx EF g0 coz
CH,_ startup (¢_COy) = ElectricityConsumptionx Nx EF g, cmy X GWPcpy

61




N,O = ici
20_ startp (t_COy) = ElectricityConsumptionx Nx EF g i n20) X GWP
artup —» N20) (N20)

— Startup(t—c 2) C 2— Startup CH4— Startup NZO Start
— Startup
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2.9.

CDM

[2.9.1. FFB

CPO

2.9.2. FFB

Leakage_op,

FFB

2.9.1.

FFB

CDM

POME

CPO

IIIIIIIIIIIIIIIII

FFB

FFB

CH,

POME

CH,

POME

FFB

FFB

CH,

||||||||||||||||||||||||||||||||||||||||||

2 38 FFB
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FFB : A FFB; (tly)
POME : POME; g,y (m°fy)

FFB CPO : R_grp.. cro) (t_cpo/t_rrp)
CPO POME : R_cpo_ pomE) (m°_pome/t_cro)

: Bo(kg_cna/kg_con)

: GWP
COD : ACOD(kg/m® poyp)

: MCF

FFB
POME
3
Casel
Leakage_cy,4
Case2
POME
58% 36%
Leakage_cy,4

Case3

POME

Case3 Leakage_cqy
0
ex-post
X A COD X B, X MCF x CWPuy

Leakage_cy4 AFFB X R_gps_.croy X Rcro_romp

t_COyly (tly) (t_cpo/t_rrs) (m°_pome/t_cro) (kg/ m®_poye)  (K8_cra/K8_con)

2 31 MCF
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2.9.2. FFB CPO

FFB CPO

CPO CPO

Leakage_cpo

FFB
Cro CPO CPO
FFB
2 39 CPO
FFB : AFFB(t)
FFB CPO : R_(FFBQCPO) (t_cpo/t_rrs
: TransportDistance (km)
: FuelConsumption (km/L)
: Load (t/vehicle)
CO, : EF(cpoﬁcom (kg/km)
CH, : EF(CPO-.CHAL) (kg/km)
N,O : EF(CPO_.N2O) (kg/km)
CH, : GWP cpy
2.8.2. FFB Leakage_cpq
FFB
CPO
FFB

CPO
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TransportDistance

CO, po = AFFB
(t_CO,)

CH, ¢po = AFFB
(t_CO,)

CH, o = AFFB
(t_ COy)

GHG_ ¢po (t_CO,)

X R_grp_croy

X R_grp_croy

X R_grp_cro)

= COy_cpo

CPO

Load X Transport x 2 X
Distance

Load X Transport x 2 X
Distance

Load X Transport x 2 X
Distance

+ CHy cpo

66

+

NQOf CPO

Fuel
Consumption

Fuel
Consumption

Fuel
Consumption

X

X

X

EF(Transport -C02)

EF,
. CH4)
EF,

-N20)

(Transport

(Transport

X GWP( CH4)

X GWP 0,



2.10.

« EFB
« CDM
.
« CDM
e CPO

[ 2,3]
e« POME
.
« CDM
.
.
« CDM

e« CPO

FFB

FFB

FFB

FFB
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2.10.1.

2 40
41 CER
40 1
FFB CPO
GHG FFB GHG
FFB o o o
2 41 2,3
POME FFB FFB CPO
GHG GHG
FFB o o
POME o
COD o
COD
BOD
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2.10.2.

CER
2
DOE
2 42 2 40 2 43 2 41
] o
o =
FFB x 0.2
) ﬁ
FFB CPO > P;E‘gx 0.14 >
—

Shell
FFBx 0.07

v

EFB
FFBx 0.24

v v

FFBx 0.475

POME
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CDM
/

2.10.3.

POME

FFBx 0.475

CPO

FFB x 0.2

Fibre
FFBx 0.14

Shell
FFBx 0.07

EFB
FFBx 0.24

POME

QA QC

70
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CDM

1.4.
CDM
3.1. POME
3.1.1.
POME 5 1 0.5
0.3 0.2 S 146 t POME
1,340t 680t 490t
POME
05%  0.3%  0.2%
(146,000 t)
|
[ H H J (8,000 t)
a
(138,000 t) | - g
v
+ 2,000MWh (131,000 1)
v
10% 6% 4%
(6,890 1) (3,910 1)
2,700 wn SRR ) l
l J: — (12,310 t)
(1,340 1) (680 1) > (5,520 t + 360 t)
(490 1) (2,430 1)
3 1 POME
POME 5 pH
POME
8 t
1

71
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t 5.6 t
17,200t
280t
680t
300t
5,600t
S POME
1,340t 380t 490t
(1,3401: 680t
490t 2,430t
oo I e W R
1,3401) (2,430 1)
< (3,240 1)

M

pH

(690t)

A'

(280 t)

(3,290 t) | (3,0401)
(490 1)
280t) ||(420t)

(680 t)

72
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3.1.2.

1,650t/y

680t 690t 280t

5

2,400m®

146 t 320 x5

200m?

POME 146 t

65m?

36mex 4

320 23,110m?
2 144m?3

19m?®

32m?

5m?

4m?

5,000t
10,000t 1,500t
1,200t
1

2,105,000US$

500m?®

2,000MWhly

12.0MWh/t

30

556t/y

521,000US$

2,000US$/kWx 2500MWh/y+  320dx 24h

62,450MWhly

12.1MWh/t

85%

48,700MWhly
9,700MWh
4,050Mwh

6,088tly

62,450MWh/y+ 12.1MWh/t + 0.85

7.0t/h

3

319 US$

500  /t_ /hyx 7.0t_ /h + 110 /US$

1US$=110

8

40

10 x4 3 1

3

6,000US$/

1,000 t

pH

500t

1

10,000US$/t

600USS/t

800-2000US$/t

73




US$1,000

(@)

2,945

(@) =(b) +(c) +(d)

(b)

2,105

555

300

650

400

50

90

30

30

(©)

521

(d)

319

(e)

2,682

(f)

671

(9)

165

10 10

(h)

258

$5,000x 43

0)

127

10

)

21

(b)x 1

(k)

1,661

U]

POME

(m)

914

556t/y 6,088tly

(n)

600

(100,000US$/t)
(500,000US$/t)

(0)

0

(P

147

(@)x 5

(@)

350

+ x 15

"

7,441

690tx 600US$
+ 280tx 1,000US$
+ 680tx 10000US$

)

4,760

)

1,625US$/kg

1,650t

IRR(U)

187

3.1.3.

1,625 US$/t-products

600USS$/t

20

800US$ 2,000US$

74

10,000US$/t

IRR




3.2, EFB

3.2.1.
EFB
EFB 10
29,500t
EFB
(73,7001)
v
(10,200) —— »
|—’[ (28,4001)
(200,000%) '
& (680,0001)
v
(146,0001) o
(589,6001)
v
(593,0001) ]47 (3,000t)
q
‘ (11,800t)
(472,000t) (10,2000 ]
v
(65,500t) |
- ¢ )
(7.900t) |
(29,500t)
3 6 EFB
3.2.2.
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EFB

230t/d

320

59,000t/y

4,391 US$

2,000 /tx 230t/ + 110 /US$

29,500t/y

48,791 US$

130

171,400MWh/y

12.0MWh/t

30

47 644tly

44,625 US$

2,000US$/kWx 171,361MWh/y + 320dx 24h

407,000MWhly

12.1MWh/t

85%

39,671tly

406,969MWh/y+ 12.1MWh/t + 0.85

45.7t_ /h

+

2,076 US$

500 /t_ /h) x 457t /h+ 110 /US$

1US$=110

8

100

25 x4

3

6,000US$/

10,200t/y

3 /kg

200tly

3,000tly

28,4001y

5

150 /kg

200 /kg

57

76




1,000US$

(a) 99,884 | (a) = (b) + (c) + (d)
(b) 4,391 | EFB 1t 200
(©) 48,791
(d) 2,076
(e) 44,625
36,752
12,644
8,990 10 10
618 1 6,000US$
2,505 | 10
532 | (b)+(c) x 1
19,314
74 | EFB1t 1US$
12,556
1,127
11,429
1,190 3,000 /t
10,200t/yx 3,000 /t+ 110 /US$
50 It
200t/yx 50 /t= 110 /US$
500 2,000 t
28,400t/yx 2,000 /t+ 110 /US$
5,098 5
4,794 + x 15
40,200 | 150 /kgx 29,500t/y
3,447
137 /kg 29500t/yx 110 /US$
IRR 39.6
1US$=110
3.2.3.
2002 2 t 2005 5 t 2010
2010 10 150 t
400 600
100 /kg
S 140 /kg
S SE
SE EFB S
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3.3. EFB

3.3.1.
10%
24,600t
EFB
(73,7001)
v
(10,200t) ——»
|—>[ J—’ (28,400t)
(200,000%)
TJM)_{
o (680,000t)
v
(146,000t) oo
(589,600t)
v
L (592,1001) (2,500t)
o
‘ (98001)
(245,700t) ‘_[ (562,300 ]
¥
4—‘ (7,300t)
(812,0000 (336,600t) ]
v
(24,600t)
3 10 EFB
3.3.2.
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11

EFB

230t/d

320

59,000t/y

4,391 US$

2,000 /tx 230t/ + 110 /US$

24,600ty

4,993 US$

39,200MWhl/y

12.0MWh/t

30

10,879t/y

10,199 US$

91,400MWh/y

12.1MWh/t

85%

8,885ty

91,386MWh/y+ 12.1MWh/t + 0.85

10.3t_ /h

+

466 US$

500 /t_ /h) x 10.3t_ /h + 110

/US$

1US$=110

12

8

60 15 x4

3

6,000 US$/

10,200t/y 3 /kg

200t/y

2,750ty |1/t

35,700tly

30 /L

1US$=110

79




1,000US$

(@) 20,050 | (a) = (b) + (c) + (d) + ()

(b) 4391 |EFB 200 &t

©) 4,993 800 I/t

(d) 466

) 10,199

9,336

2,310

1,355 10 10

378 1 6,000US$

483 | 10

94 | (a)x 1

5,808

74 | EFB1t 1US$

2,848

1,127

1,721

1,264 1 It

620 2,000 /t 35,700t/yx 2,000
It

1,002 | (a)x 5

1,218 + x 15

8,460 | 3 /tx 24,600t/y+ 110 /US$

A 875

42 It 24,600t
(33 /L)

IRR 10.0

1US$=110
0.793

3.3.3.

EFB

20 30

POME

27 /L IRR 28
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24,600t 8,900t
183,400MWh 130,600MWh
POME

81



3.4. CDM

3.4.1. CDM
3
3 14
3 14 Co,
2,000 171,400 39,200
(MWhly) (CDM 0%) | (CDM 0%) (CDM 0%)
62,450 407,000 91,400
(MWhly) (CDM 100% )| (CDM 4% ) | (CDM 16% )
CO,
(t CO,ly) 20,461 17,693 17,693
CDM S
CO, S 1
5
FELDA
15 80
3 15 480 US
1 3 IRR 20 ( 22 US$/ )
150 /kg 4,020 US$ly
3,680 US$ly 340 US$ (IRR40%)
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i
1
0

0 5000 10,000 15000 20,000 25000 30,000 35000 40,000 45,000
uss$
[ ] ] 5] [ [ ]
O ] m] o O
3 15
CDM 2
POME
EFB
POME
S POME 700t
21 700t 14,700t
3 FS 1,650t/
1t 8.9t
CDM
EFB
EFB
EFB CDM
2,000MWh
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S CDM

EFB
POME CDM

1,149t
15,015t_CO,ly
4,644t_CO,ly
1,966t_CO,ly CER
17,704t_CO,ly

3.4.2. CDM
CER 3 16
CER
CDM CER 15.5US$/CO, t
CER 10US$/CO,_t
CDM
3 16 CER
1) (US$) 914,000 12,600,000
2)(1) (US$) 830,000 188,000
®3) (US$) 1,033,000 264,000
() (3) (2) (US$) 203,000 76,000
(5) CER t 20,461 17,704
(6)CER 4) (5) US$/CO,-t 15.5 4.3
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3.5. CDM CER
35.1. CDM
FELDA IRR15%
POME
IRR15
CER5.3US$/t_CO, CER 17,704tly
CER 5.3US$/t_CO2 CDM
188 US$
3 17 POME
1,000US$
(a) 1,074 | 230t/d t 2 US$
108 | 1.5MWx 2 (FFB )
916 | 3,420m°x 2 1 $458,000
50
264 + +
176
97 10 10
18 6,000US$/ x 3
50 | 10
11 | (a)x 1
54 (@x 5
34 + x 15
188(281)
188 | 15.4US$ t
CER (93) | 5.3US$/t_CO,
A 75(17) =
15.4US$ t
IRR 2.7% (15%)
3.5.2.
10 7 2 21
2
2006 2012 7 2
21 2006
FELDA 2004 2 1
CDM CDM

85




3.53. CER
CDM CER

POME
POME GHG
EFB GHG

GHG

CER POME GHG
CER EFB
2 EFB

EFB 7
FFB CDM
FFB CDM

CPO
EFB GHG
ex-post
CER 3 18
3 18 CER
CER CER
t CO, t CO,
17,704 123,928
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140,000
~ 120,000
O 100,000
(@)
4\_./' 80,000
o
|E|)J 60,000
40,000
20,000
0
2006 2007 2008 2009 2010 2011 2012
Year
3 19 CER
3.5.4. D
2005
5
2006 2005
CDM
POME
BOD100ppm S BOD
60 40 8 5 1/
80
20 6
3 4 POME
S BOD 8 2

87
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2.2ha 160mx 136m

340

CDM

FELDA

16 3

CDM

FELDA

CDM

88

CDM

ODA

KIT-UPM

FELDA

16



CDM ODA

4.1, ODA
92 ODA ODA
ODA ODA
2003 8
ODA 11
ODA ODA ODA
ODA 4 1 ODA
ASEAN ODA
[ ODA ]
1992 6 2003 8
5 ODA
[ ODA
1999 8
e ODA ODA
[
5
° 2003

4 1 ODA
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ODA 2003 8
ODA

ODA

ODA

ODA
ASEAN

TICAD

90




4.2
4.2.1.

1999

1997

1,190

121
46

1998
1999

10
3

2000
908
1998
1,294

91

8,800
1997
1,124
2000 38

1994

1,140 2000 3

1991



1.26 37.89
0.49 513
124
0.49 194
9% 0.10 31
6 0.18 505.5
7
10
5.70 40.05
488
4.54 111
163
97 0.36 16
454.0
7
0.46 7
7 0.34
1,076.95 0.84 46.57
140.26 16 0.39 730
97.37 117
0.45 167
% 490.87 23
185.49 891.0
162.96 6
12
1,256.25 1.10 37.03
0.18 550
52.85 107
0.47 161
10.93 11 0.45 30
99
8
537.64 384.4
484.89 7
22
169.94
1.04 37.9
556
0.08 86
243
2000 0.43 15
14 0.52 10
292.95
1
2
ODA 2001
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2000

2001

2001

93

10

10



1990

‘O

94



4.3. CDM ODA
ODA
CDM COP7 CDM
ODA
14 3
CDM JICA
4 JICA
GHG
ODA
CDM
JICA JICA
e GHG
[ ]
. GHG
. JICA
[ ]
. CDM
JICA JICA 4
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4 3 JICA
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4.4, CDM ODA

JICA CDM 4
CDM
CDM
CDM
CDM
| CDM
1
] CDM
44.1. CDM ODA
ODA
ODA
CDM CDM COP
ODA
ODA ODA

97

ODA CDM




ODA CDM

CDM ODA
"win win"
ODA
ODA

CDM ODA

CDM
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4.5. ODA

1998 ODA ODA
2002 8
EcolSD
ODA
97
ODA
CDM
CER
EcolSD
CDM
ODA
CDM
CDM Chow
ODA
POME EFB

ODA CDM
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CDM

5.1 CDM
5.1.1.
FELDA S Negri Semblian
5.1.2.
CDM CPO POME
POME
S POME
5 1
3,240m3x 2 10
300m® 25
1.5MWx 2
- 30m
- 200m
5.1.3.
2006 2026 21 2006 2012
7 1 7 2
5.1.4.
FELDA
5.1.5.
5 2
CPO 100 POME
2
8
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5.1.6.
11 USs$ 1.2

5.1.7.
2.3.
2 3
e S
e FFB FFB
/ CDM
FFB x 0.2
FFB E?Bri 0.135
Shell
FFBx 0.065
EFB
FFBx 0.24
POME
FFBx 0.5
CDM
POME
2
- 111 1ttt
- g

750t
15,750t_CO,ly

4,644t_CO,ly

1,966 t_CO,ly
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5.1.8.

CER

o ||

2006 2007 2008

2009

Year

[]

GHG

CER 17,704t_CO, 7

123,928t_CO,

2010

2011

2012

140,000

120,000

100,000

80,000

60,000

CER(t_CO 2)

40,000
20,000
0

2006 2007 2008 2009 2010 2011 2012
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Year
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5.1.9.

S
BOD
S
17.7 US$
340

POME BOD 100ppm
40ppm
BOD
2 2ha
CER 10US%$/t_CO, 21
107 US$ 21
1 US$
3
1,000

105

372
395

US$
US$




5.1.10.

S CER IRR=15%
5.3US$/t_CO,
5.1.11.
5- 6
CER
5 6
POME FFB FFB CcPO
GHG GHG

FFB o

POME o 5

cop o 5
cop
BOD
5.1.12.
FELDA
MoU 3
1
UPM
16 2 500m?®
CDM
FELDA TNB
15 TNB
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1 16 S
CDM FELDA
CDM 3
3
PLA
2006
5 7
H16fy | H17fy | H18fy | H19fy | H20fy | H21fy | H22fy | H23fy
(2004) | (2005) | (2006) | (2007) | (2008) | (2009) | (2010) | (2011)
STAGE 1 —
(afm i
STAGE 2 S =
—
CDM 2026 —
[ P
STAGE 3
[1]m] 00 >
= /|]E|:';>E|IZII —
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5.2 CDM

5.2.1. FELDA CDM
1.1.3 CER FELDA
CDM
CDM
CDM FELDA CDM
5.2.2. CDM
15 CDM PDD
CDM PDD
5.2.3. FFB
FELDA
CDM
FFB
5.2.4.
ODA ODA
Win-Win
CDM

5.2.5.

POME
COD
CDM
CDM
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PDD

Methane Recovery and Renewable Electricity
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CHEDOWR

Annex 1
Annex 2
Annex 3
Annex 4
Annex 5
Annex 6

Annexes

Public Funding
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A.l.
A.2.
A.2.1.
2
e 2005
2005
5
Energy Power Programme
o POME
POME
POME
S
A.2.2.
8
2005 5

111

2001
SREP Small Renewable

A.2.3.




POME
i1)
iii)
A2.3.
CDM Annex3
Component A]
. —_—
S POME BaU
%
POME
Component B]
[ ]
%
CDM METH Chow Kokee
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POME

CDM



A3.

()

FELDA
FELDA 100

KIT

UPM

KIT

113

1956

(

72

)



A4,

A4.1.

A4.1.1
A4.1.2
A4.13
A4.14

(
Negri Sembilan

Bahau

LOKASI KILANG-KILANG FELDA
DI SEMENANJUNG MALAYSIA

7 | R

il

L
I

IER L LR ENY
P oot £ & kol

1

LI

114



A4.2.

UNFCCC
Waste handling and disposal

A.4.3.

10 10m 3,420m?®
A4.4, CDM

CDM
¢ POME
30 t
CDhM
A.2.3.

15,015(_CO,) 7
105,105(t_CO,)

4,644(t_CO,) 7 32,508(t_COy,)
CO, 1,966(t_CO,) 7 13,762(t_CO,)
17,704(t_CO,) 7 123,928(t_CO,)
B.4.
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e CER
. POME

A4.5.
ODA
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B.1.

UNFCCC

Annex3

B.2.

B.2.1.

B.2.2.

FELDA

Annex3

72

POME

117

48a.




B.2.3.

Annex3
[ Al
POME
7
No Yes
X R
POME [ B]
POME
No Yes
v v
[ Cl] [ C]
Nog [ Yes No I Yes
[ D] D]
CDM CDM
No Yeg
No Yes v
[ E]
N+n [ Yes
B 1
A
e POME
S POME POME
7
POME
Yes. B
B
o POME
S 3,600m? 6
12 POME
No. C
C
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POME

CDM

2001
SREP Small Renewable Energy Power Programme

SREP
S
SREP

900kW
30%
0.16RM/kWh SREP
5,375MWh
IRR 2.0%

CDM

119

10km
SREP

BaU



B.3.

No.

GHG

FFB

CO,

N,O

CH,

POME

CO,

N,O

CH,

POME

CO,

N,O

CH,

CO,

N,O

CH,

CO,

N,O

CH,

CO,

N,O

CH,

OJOJO XX |X|X|X|X|X|X|X]|O|X|X]|X]|X]|X

XX XX |X|X[X|X]O|X]|X|X]|X]|X]|X]O]|O]|O

B.4.

CDM

B.4.1.
CDM

Step1]
CDM

CDM

BaU
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Stepl.1.

CDM 1,149t
80 14,172MWh
x x X
(MWh/y) (tly) (Gd/t) (kWh/MJ) (%)
1,149 X 55.5 X 0.2778 X 0.8
14,172 (MWh/y)
Stepl.2.
14,172MWh/y 1,381t/y
85 CDM
207 US$/ly
CDM + | X 1 x
(US$ly) (MWhy) MWh/t_ ) (%) (US$/t)
14,172 + | 12.1 X 0.85 b x 150
207 ( US$ly)

Step2]

Step2.1.

POME
10
FFB POME
POME FFB x X R #rp_croy X R (cpro_rome
(m”d) (t/h) (h/d) (t cpo/t wrp) (m? poue/t cpo)
60 x 24 X 0.19 X 2.5
684 (m?%d)
POME

121



POME x

(m?) (m*/day) (days)
684 x 10
6,840 (m°)
2003 KIT-UPM 500m?
120 US$ 0.7 6,840(m?)
B 3
B 3
m? US$ m?
3,420 2 916 6,840
1 X
( US$) (US$/ ) ()
458,000 x 2
916  ( US3)
Step2.2.
B 4
12  US$
B 4
FFB (a) |60 t/h
FFB POME (b) [0.48 m® ponp/t_prn E.4.1. Stepl
COD (c) |35.0 kg_cop/m® poys KIT-UPM
B) (d)[0.25 kg CH,/kg oop IPCC
MCF) (e) 0.9 E.4.1. Step2
() |55.56 MJ/kg 27 1
(g) 10.2778 kWh/MJ
(M) [80 %
1MW () |0.86t_ /MWh 3
G) 2.8 MW (@)% (b)x (©)x (d)x (e)x (H)* (g)x (h)
k) |2
A |1.4 MW G k)
(m)|2.4t_ /h @ G)
(n) |108 US$ 1 54 US$
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Step3]

50 US$
Step4]
FELDA 1
1 3 24
B 5
(US$ ) (USS3 )
1 3 6,000 18,000
Step5]
5
(US$)
5%
( ) X (%)
1,074 x  5(%)
54 ( US$)
Step6] CDM IRR
CDM B 6
IRR
B
21
CDM 7
15.4 US$/ t_
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IRR

(

US$)

a)

1,074 | 230t/d t 2

USS$

108 | 1.5MWx 2 (FFB

916 | 3,420 °*x 2 1

458

US$

50

264 + +

192

106 10

10

18 6,000US$/ x 3

56 | 10

12| (a)x 1

54 (a)x 5

38 + x 15

188 15.4US$

A75

IRR

2.7%

CDM
BaU

CER
IRR15% CER

B 8
3 5US$

CER

IRR 15
IRR 2.7

21
7
5.3 US$/t _CO,

IRR

CER 5.3US$
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Methane Heat Supply

35.0%
/.

30.0% /./

25.0% /./

20.0% ‘/

IRR(%)

15.0%
10.0% /I/
5.0%

0.0% :
0 3 6 9 12 15
CER(US$/t_CO,)
B 8 IRR CER

B.4.2.

[ ]

[ ]

SREP
BaU

B.4.3.

BaU
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B 9 B 10

= CDM
CPO

FFB x 0.2
Fibre —
FFBx 0.14
Shell
FFBx 0.07
EFB
FFBx 0.24

POME

FFBx 0.475
CDM 0
Yy 0

St

L 1t 11119 o
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CDM

3

FFB

POME

FFBx 0.475

v

CPO

FFB x 0.2

Fibre
FFBx 0.14

Shell
FFBx 0.07

v v v 4

EFB
FFBx 0.24
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B.6.

B.6.1.
01/03/2004

B.6.2.

()
171-0033

2-17-22

TEL: +81-3-5956-7503
FAX: +81-3-5956-7523

Email: kawamura@exri.co.jp
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C.1.

C.1.1.

C.1.2.
21

C.2.

C.2.1.

C.2.1.1.

C.2.1.2.

01/01/2006

01/01/2006
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UNFCCC Annex4

D 1 ex-ante
Annex3. 5
D 1
FFB CPO
POME GHG FFB GHG
FFB o o o
POME
COD o
COD
BOD
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DOE

CER

FFB

“

CPO
(—
S

- CDM

—» CPO
FFB x 0.2

<

—P Fibre
FFBx 0.14

—> Shell
FFBx 0.07

> EFB

FFBx 0.24

POME

FFBx 0.475

POME
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D.3.

ID

D 1
ID (m)
©) or
(e)
FFB t/d m 100
POME m?/d m 100
COD mg/L m 100
Kwh m 100
L/kWh | m 100
(
m 00
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D.4.

FFB E.2. FFB
FFB Annex3.7.1. ID
1 D
D (m)
(c) ( or
(e) )
FFB t/d 100
( )
D.5.
D 1
5 ID D 1 D 2
ID (m)
(¢ ( or
(e) )
COD mg/L 100
( )
BOD mg/L 100%
( )
days 100%
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D.6.

ID D D 2
ID QA QC QA QC
1 FFB FFB FB
FFB
2 POME POME
CO,

3 COD CO,
4 COD
5 BOD BOD
6
7 CO,
8 CO,
9 PDD
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D.7.

()
171-0033

2-17-22

TEL: +81-3-5956-7503
FAX: +81-3-5956-7523

Email: kawamura@exri.co.jp
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E.1.
E.1.1.
: CHygau)_rome (t/y)
: EF o con(t_CO,/t_CH,)
CO, CH,; Bav)—poME(t)
E.4.2.
COy_combustion(t_COy) CH,; gavi_rone (t_CH,) x  44/16
715 X 44/16
1,966 (t_CO,)
E.1.2. FFB
: Transport Distance (km) 25
: Fuel Consumption (km/L) | 5.7
Uncontrol, IPCC
FFB : AFFB(t)
: Load (t/vehicle) 10
CO, ¢ EF gransport - coz) (Kg/km) 3.3x 10! IPCC
CH, ¢ EF ansport . crgy (Kg/km) 1.0x 10° IPCC
N,O ¢ EF transport - 20y (kg/km) 6.3x 107 IPCC
CH,) :GWPqy, 21 IPCC
N,0) : GWP 0, 310 IPCC
FFB FFB
FFB
COy poeooe  — AFFB = Load x Transport x 2 X Fuel X EF pransport .02
(t_CO,) Distance Consumption
= AFFB =~ 10 x 25 X 2 X 5.7 X 3.3x10*

1.88 x 10? x AFFB
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CHA—'T‘mqnnm"t = AFFB - Load X Transport X 2 X Fuel X EF(TransbortﬂCHél) X GWP((‘J—M\
t Cé) ' Distance Consumption
Uy
= AFFB - 10 X 25 X 2 X 5.7 X 1.0x10® X 21
= 120 x 10% x AFFB
CH, rooo: = AFFB -+ Load x Transport X 2 X Fuel X EF qaneportonzoy X GWP o0,
(t CO) Distance Consumption
— 2
= AFFB = 10 x 25 X 2 x 5.7 X 6.3x108 x 310
= 111 x 103 x AFFB
GHG—’I‘rasnport(t—COZ)
= COZ—Trasnport + CH4—’I‘rasnport + NZO—'I‘rasnport
= {9.4x 102 +6.0x 10+ 5.6x 10} X AFFB
= 1.0x 102 X AFFB (t_CO,)
CDM FFB 5 tly
500(t_CO,/y)
17,704(t_CO,/y) 2.8%
E.1.3.
S
CO,
CH, N,0
E.2.
E.2.1. FFB Leakage_cy,
FFB :A FFB, (t/y)
POME : POMEi(BaU) (m®/y) - A FFB
FFB CPO :R_(FFBQCPO) (t_cpo/t_rrp) 0.19 1996 2002
CPO POME : R_(cro_ rou) (m°_pome/t_cro) | 2.5
: Bo(kg_cn/KE_con) 0.25 IPCC
COD : ACOD(kg/mS_POME) 35
(KIT-UPM )
: MCF 0.560 Annex3
FFB FFB
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S 15km B P

Annex3 Case2
ex-post
AFFB 5

S 5 FFB

2,450(t_CO,

Leakage_qy, AFFB x R_gpp.croy X  Reporomm X A COD X B, X MCF x CWPqs

t_COyly (tly) (t_cpo/t_rrn) (mB—P()ME/t—CP()) (kg/ m3—P()ME) (kg_cna’kg_con)
A FFB x 0.19 X 2.5 X 35 x 0.25 x 0.560 x 21

4.9x 102 x AFFB (t_CO2ly)
2,450 (t_CO,)

E.2.2. FFB CPO Leakage_cpo
FFB : AFFB(t) -
FFB CPO : R_wrs.. croy (t_cpo/t_prp) 0.19 1996 2002
5.4.1.
( ) : TransportDistance (km) 20
: FuelConsumption (km/L) | 5.7
(Uncontrol, IPCC )
: Load (t/vehicle) 10
CO, : EF cpo . coz (kg/km) 3.3x 10! Ipcc )
CH, : EF cpo . cngy (kg/km) 1.0x 10° Ipcc )
N,O : EF cpo_ n20) (kg/km) 6.3x 10° IpccC )
(CH) : GWP ¢y 21 IPCC
(N,0) : GWP 50, 310 IPCC
FFB CPO
FFB CPO
FFB
S CPO
CDM FFB 5 tly CPO
20km S CPO
Leakage_cpo 80t_CO,/y S FFB
307,000t CDhM
15,015(t_CO,/t) 0.4 Leakage_cpo
E 9
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COy_mynenvort AFFB %X R_ g cro Load X Transport
(t_COy,) Distance
= 50,000 x 0.19 10 X 20
= 175.2
CH,_rvaenvort AFFB % R_pp.cpo) Load X Transport
t_CO,) Distance
= 50,000 x 0.19 10 X 20
= 0.1
CH,_masnvort AFFB % R_ g cro Load X Transport
(t_ COy Distance
= 50,000 x 0.19 10 X 20
= 45
GHG_’I‘rasnport(t—Coz)
= COQ—'I‘rasnpoyt CH4—Trasnp0rt
= 75.2 0.1
= 79.8 (t_COy)
E.3. E.1. E.2.
E.1.
E.2.
E.1.1.
7 13,762 t_CO,
FFB E.1.2.
E.2.1.FFB

Leakage_ ¢y,

139

X

X

X Fuel X EF (tyansport - co2)
Consumption

% 5.7 x  3.3x10*

X Fuel X EF anspe X GWP o
Consumption rt-. CH4)

% 5.7 x  1.0x10° x 21

X Fuel X EF tangpe X GWPo0)
Consumption 1t N20)

x 5.7 X 6.3x10° x 310

N2O—Trasnport
4.5

1,966t_CO,/y

FFB



E.4.

E.4.1. POME
POME
Stepl] POME
FFB :FFB(Average)(t/y) 307,000 S 1997 2003
FFB :FFBi(BaU)(t/y) 307,000 S 1997 2003
FFB :FFBi(pmject)(t/y) 307,000 S 1997 2003
FFB : A FFB; (tly) -
FFB CPO : R_pre_ cpo) 0.19 1996 2002
(t_cpo/t_rrp)
CPO POME . R—(CPOaPOME) 2.5
(mS_POME/ t_cpo)
Stepl.l. FFB FFB, .0
BaU FFB
S 1997 2003 E 1
FFB FFBi—BaU 306,919 t/y
307,000 tly
E 1 FFB
FFB (tly)
1997 293,090
1998 271,110
1999 332,250
2000 322,360
2001 342,200
2002 300,180
2003 287,240
306,919
7
FFBroa@gau = Z FFB imavy(®) = 307,000(t)
i=1
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307,000 tly

FFB
E 2 FFB 7
FFB (tly)
2006 307,000
2007 307,000
2008 307,000
2009 307,000
2010 307,000
2011 307,000
2012 307,000
Total 2,149,000
FFB
FFB A FFB
FFB A FFB 0
FFB(Average) 2 FFB i(Project)
FFBi(BaU) FFB(Project)
A FFB; 0
Case2 FFB(Average) < FFB i(Project)
FFBi(BaU) FFB(Average)
A ]Z?]Z-“B1 FFB i(Project) FFBi(BaU)
Stepl.2. FFB CPO R_re. croy___

FFB CPO E 3 Malaysian Oil Palm
Statistics 2002 Annex3 CPO 1996
2002 7 19.0% 2003

7
R_(FFBACPO) = {z Ri_(FFBaCPO) } 7 = 0.190 (t_cpo/t_rrs)
i=1

141



22.0%

21.0%
20.0%
19.0%
18.0%
17.0%
16.0%
O AN O N DD A D DD DN DD
SARCRICIIC S GO CC C CRE
E 3 CPO
E 4 CPO 1996 2002
CPO
1996 18.7%
1997 19.0%
1998 18.9%
1999 18.6%
2000 18.9%
2001 19.1%
2002 19.9%
19.0%
Step1.3. CPO CPO,;_g.uy
CPO FFB
i CPO
CPOi(BaU) = FFBi(BaU) x R—(FFBACPO)
= 0. 1 90 X FFBi(BaU) (t—CPO/Y)
Stepl.4. CPO POME R (CPO - POME)
PORIM CPO POME
"Malaysia National Greenhouse Gas Inventory
1994
CPO POME
R_cro_romg) = 2.5 (m®_poye/t_cpo)
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Stepl.5. POME POMEi BaU
POME CPO CPO POME
1 POME
POME
7 FFB
POME;g,y, = CPO;g.uyy > Rero-romn
= FFBig,y, * R_grs.cro* Rro.romn
= FFBig,;, *x 0.190x 2.5
= FFBi(BaU) X 0.475
= 307,000 x 0.475
=1 45, 825 (m®y)
Step2] POME
Annex3 POME
POME COD : COD,4,,.(kg/m?) 43.3 S
KIT-UPM
POME COD : COD,4,..(kg/m?) 8.3 S
KIT-UPM
COD : ACOD(kg/ m?) 35.0
: By (kg_cus/KE _cop) 0.25 IPCC
: MCF, ) 0.560 Annex3
: MCF, ) 0.900 Annex3
:GWP ¢y 21 IPCC
Step2.1. POME COD
Annex3 Casel POME
COD POME COD COD COD
ACOD(kg/m?) = CODy,, (kg/m®)  COD,,, (kg/m®)
= 35.0(kg/m® poyp)
E 5 S
CODy.ore 43.3(kg/m®) KIT-UPM
COD;., 8.3(kg/m? KIT-UPM
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Step2.2. B,
Annex3 B, IPCC 0.25

B,=0.25

Step2.3. MCF
Annex3 MCF

MCF, ) 0.560
MCF, ) 0.900

Step2.5. POME
Step2. 1. 2.3. POME CH47POME

POME CH4(BaU) /POME
ACOD(kg/m?®) x By g (kg CH/kg_cop) X  MCF, )
35.0(kg/m® x  0.25(kg CH/kg cop) X 0.560
4.90(kg_CH,/m’ poyp)

POME CO, CH,gav) rpome

= ACOD(kg) X By g (kg_CH/kg_cop) X MCF, y X GWPyy,
= 35.0kkg/m® x 0.25 (kg CH/kg ¢op) *x 0.56x 21

= 102.9(kg_CO,/m’_poyp)

E.4.2. )

POME

= 788(kg_CH4/m3_POME)

CH4(Project) /POME
= ACOD(kg) X Byprojecty (kg_CH4/kg_cop)

= 35.0(kg/m3) x 0.25(kg CH4/kg oop)
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Step3] POME GHG
Annex3 1 POME

CH.,gau)_rome
=POME;,;, * CH,gay roue

=0.475 x  FFBg.y, x  4.90x 10°
=0.475 x 307,000 X 4.90%x 10°
=715(_CH,)

POME GHG

GHG(BaU)_POME

7
= z CH, igav—rome %X GWPpy)

i=1
= 715 x 7 x 21
= 105,105(t_COy,)

E 6 POME GHG
GHG
(t_CH,/y) (t_CO,ly)

2006 715 15,015
2007 715 15,015
2008 715 15,015
2009 715 15,015
2010 715 15,015
2011 715 15,015
2012 715 15,015

5,005 105,105

E.4.2. GHG
S
S
GHG
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7 POME : POME 3,y 145,825 S 1997 2003
:CH,rojectypors 7.88x 10? | E.4.1.[Step2]
POME
:CH4 i(Project)—POME(t/Y) 1,149 E.4.1. Step2] E.4.2.
‘EF gepraced . coz) (kg/Gd) | 77.4 Revised 1996 IPCC
Co, Guideline(Residual fuel oil)
21.1t_C/Td
EF geptaced . cay (kg/GJ) | 3.0x 10® | Revised 1996 IPCC
CH, Guideline (Industrial
‘EF peptaced . n20) (kg/GJ) | 8.0x 10 Boiler Performance,
N,O Residual Fuel Oil)
CH, :GWP cpy 21 Revised 1996 IPCC
Guideline
N,O :GWP 20, 310 Revised 1996 IPCC
Guideline
‘HV _yethaneMd/kg) 55.5
:OperationHours(h/y) | 6,000 20(h/d)x 300(d/y)
- :CF(kWh/MJ) 0.2778
:Efficiency 85
:LossRatio (%) 0%
0
:LossRatio ,epcea(%0) 0%
(
0
Stepl]
CER
Stepl.1
(CH4(project)/POME) 62 1 .

CH4 i(Project)—POME

= POME @p,jecty™

145,825

X

1,149(t_CH,)

CH4(Project)/POME

7.88

x 10°
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Stepl.2 Heat . jacea
i HV_Methane
CF Efficiency

Heat; ,epiacea
= CHyiprojec—rome ) %X HV_yemaneMd/kg) x  CF(kWh/MJ) x  Efficiency(%)
= 1,149 x 7 x 55.5 x 0.2778 x 0.8
= 14,172(MWh)

E 7
(tly) (MWh) (MW)
2006 1,149 14,172 2.4
2007 1,149 14,172 2.4
2008 1,149 14,172 2.4
2009 1,149 14,172 2.4
2010 1,149 14,172 2.4
2011 1,149 14,172 2.4
2012 1,149 14,172 2.4
8,043 99,204
: 20(hours/day)x 300(days) =6,000(hours/year)
65 66 25(days/month)
Step2] GHG

LossRatio e, LossRatio ,epiacea

CO2— replaced (t—C02/Y)

= Heat, ,opiuced ~ Efficiency X (1 LossRatio_ge) + (1 LossRatio e X EF eplaced .oz © CF

= 14,172 + 0.85 X (1-0) -+ (1-0) X 77.4 + 0.2778

= 4,645 (t_CO,ly)

CH47 replaced (tchZ)

= Heat;_,oyaeeq = Efficiency X (1 LossRatio_pge) + (1 LossRatio_epraced) X EF geplaced .+ CF X  GWP s
= 14,172 + 0.85 X (1-0) -+ (1-0) x  3.0x10° <+ 02778 X 21

= 4 (t_CO,ly)

N207 replaced (tchZ)

= Heat;_,epmeeq - Bificiency X (1 LossRatio_e) + (1 LossRatio_epaced) X EF peplaced .N20) & CF X GWPnq0
= 14,172 + 0.85 X (1-0) + (1-0) x  3.0x10* <+ 0.2778 X 310
= 6 (t_CO,ly)
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GHG— replaced (t_coz)

Coz— replaced

32,5615

32,585 (t_CO))

+ CH4— replaced

+ 28 492

+ N2O— replaced

E 8 ,
kg/Gd kg IMWh
CO, |EFu0.con 77.4 279
CH, |EF.uu.cig 3.0x 10° 1.08x 102
N,O | EF .. o0 3.0x 10" 1.08x 10°
Revised 1996 TPCC Guidelines
E.4.3. GHG
E.4.1. POME E.4.2.
GHG GHG
GI_I(}(BaU)TOTAL = GI_IG(BaU) POME + GHG— replaced
= 105,105 + 32,585
= 137,690 (t_CO,)
E.5. E.4. E3 E1l. E.2.
GHG_reduction
GHG(BaU)TOTAL GHG(Pro;ect)TOTAL 137,690 13,762
= 123,928 (t_CO,)
E.6
E 9
300
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(t_CO,) (t_CO,) (t_CO,)
2006 1,966 19,670 17,704
2007 1,966 19,670 17,704
2008 1,966 19,670 17,704
2009 1,966 19,670 17,704
2010 1,966 19,670 17,704
2011 1,966 19,670 17,704
2012 1,966 19,670 17,704
Total 13,762 137,690 123,928
~ 140,000
S 120,000
< 100,000
80,000
60,000
O
I 40,000
O
20,000
0 | o | | ] | \-\ \-\ \-\ \.
2006 2007 2008 2009 2010 2011 2012
Year
E 10
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F.1.

“ The Environmental Quality Act of 1974” 30MW
2.6MW

F.2.

FELDA
CDM
2003 3
CDM ODA

ODA
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Annex 1

2-17-22
171-0033
: +81-3-5956-7503
FAX: +81-3-5956-7523
URL: http://www.exri.co.jp
: +81-3-5956-7514
E-Mail: suzuki@exri.co.jp
Annex 2
Public Funding
ODA

151



Annex 3

20

48 a

2.2.
2.2.1

. POME

2.2.2

Component A]

S POME BaU
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POME

Component B]

2.2.3
POME

POME

POME

CDM

45

20

10

0.2 0.35 (kg_gop /m®day)

0.8 1.0 (kg_pop/m?/day)
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A POME 7
A POME
POME
POME
POME
POME
B POME
B
C
C
BaU CDM
BaU CDM
D CDM
D
CDM

BaU CDM
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POME POME
E POME

BaU

BaU POME

- IRR
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[ Al
POME
7
No Yes
¥ L
POME B]
POME
No Yes
v v
[ Cl] [ C]
I
Nog [ Yes No, Yes
D] [ D]
CDM CDM
N Y
No Yed +o es
E]
No es
v v
2
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3.1.

e POME

- POME
- FFB

3.2

National Inventory
Default IPCC

IPCC
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1

4 2
FFB

CPO

POME

CDM

POME

FFBx 0.475

CDM

CPO
FFB x 0.2
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Fibre
FFBx 0.14

Shell
FFBx 0.07

EFB
FFBx 0.24




CDM

3

FFB

v

CPO

FFB x 0.2

Fibre
FFBx 0.14

Shell
FFBx 0.07

v v v 4

EFB
FFBx 0.24

POME

FFBx 0.475

CDM
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4 3

GHG

No.

GHG

FFB

o,

N,O

CH,

ex-post

POME

CO,

CO,

o,

N,O

CH,

POME

CO,

CO,

o,

N,O

CH,

COD

COD

o,

N,O

CH,

CO,

N,O

CH,

CO,

N,O

CH,

oo |]o

GHG

GHG

FFB

CO,

N,O

CH,

ex-post

FFB

CPO

CO,

X | X|X]|X

N,0

CH,

O |o|o|o

ex-post
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FFB

FFB

BaU

161

BaU

POME



FFB

CDM
FFB FFB
FFB
FFB
FFB
FFB CPO
POME
POME
Covered lagoon
POME
POME
2003 KIT-UPM
58 36%

65%

Malaysia National Greenhouse Gas Inventory 1994

POME
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CDM

FFB

65
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20

52

58%

KIT-UPM

36%

KIT-UPM

65%
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DOE

6.1.
6.1.1. POME GHG
POME GHG
6.1.2.
GHG
Stepl] POME
FFB : FFB (Average) (t/y)
FFB : FFBg,u, (t/y)
FFB : FFBiprojecy (1Y)
FFB : A FFB; (tly)
FFB CPO : R_rn_ cro) (t_cpo/t_prp)
CPO POME : R_(CPOﬂPOD_/IE) (mS_POh_/IE/ t_cpo)
Stepl.l. FFB FFB;g.u
BaU FFB
FFB FFB gy
FFB
FFB
7
FFBroga gau = Z FFB i(BaU (t
i=1
FFBueragy 2 FIB irojecr)
FFBi(BaU) FFB(PrOject)
A FFB; 0
Casez FFB(Average) < FFB i(Project)
FFBi(BaU) FFB(Average)
A ]Z?]Z_“]_D)1 FFB i(Project) FFBi(BaU)

164




Stepl.2. FFB CPO R_#rs. cro

BaU FFB CPO
FFB CPO
~ cPO CPO 7
CPO CPO
7
R_vrp_ cro = {Z Ri_wrs_cro }/ T (t_cpo/t_FFB
i1
Stepl.3. CPO CPOi®BaU
CPO FFB CPO
1 CPO
CPO gy = FFBig.u % R_grs.cro (t_cpoly
Stepl.4. CPO POME R CPO-POME
CPO POME
Stepl.5. POME POME ;5.0
POME CPO CPO POME
1 POME POME g,y
POME i(BaU
= CPOg.u X Rcpo . romE
= FFB,gu X R_grp.cro X Repo.prome
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[Step2] POME

Revised 1IPCC Guideline POME
POME COD : CODbefore(mg/L)
POME COD : CODafter(mg/L)
COD : ACOD(kg/m®_poup)
POME COD : CODpegore ave(mg/L)
COD : RemovalEfficiency
COD : RemovalEfficiency ,..
: By (kg_CH/kg_cop)
: B (kg_CH,/kg_cop)
: MCF
: a(t/m?®)
:T(C )
: V(L)
: Vo(L)
POME : R pomE- BIoGAS) (m3_Biogas/ m’_poye)
: R_(BIOGASQI\_/IETHANE) (ms—l\_/[ethane/ mS_B%)
POME
POME kg CH,/m’_poug
= COD X x
= ACOD(kg/m® poys x  By(kg_CH,/kg_cop x  MCF
Step2.1. POME COD
COD
Casel POME COD
COD POME COD
COD
= CODbefore (mg/L CODafter(mg/L
Case2 POME COD
POME COD COD COD
POME

CODbefore (mg/L

x  RemovalEfficiency
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Step2.2. Bn
B, COD
Revised 1996 IPCC Guideline B, 0.25
Step2.3. MCF
MCF B,
MCF
IPCC MCF 1
0
MCF
COD
COD COD MCF 0 1
[ 1
B B, 0
POME
X = COD
R (POME -, BIOGAS) (R (BIOGAS)aMETHANE)
R poME- Brocas ]
POME 20
28m* “"Malaysia National Greenhouse Gas Inventory 1994”

RfPOME - Biogas

R_(BIOGAS -~METHANE

3 3
24 (m —Biogas/ m_pomE

R_(BIOGAS _ METHANE)
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Guidelines 2 3m
4 7 MCF
1 KIT-UPM
6m MCF
MCF MCF
1~7Tm
MCF
10m 10m
KIT-UPM
MCF
R (mrocas - METHANE) 6 1
6 1 POME
58% 36% 65%
6m 10m 10m
KIT-UPM KIT-UPM
]
T latm
27
V = Vo x (273+T + 273
= 9224 x (273+T + 273(/mol 27 ,latm
= 246
a =1 kg/mol + 27 1 L/mol
= 16 x 10%&kg/mol +  24.6(L/mol
= 650 x  10*(t/m®
POME COD ]
POME COD
ACOD ,,, = POME COD x COD
= CODypegore ave RemovalEfficiency .
2.5.1.
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POME COD 50,000 mg/L COD

COD 90
POME
COD KIT-UPM S
COD 81%
COD
COD 85 80%
6 2 POME COD
CODyetore ave 0.05(t/m?
RemovalEfficiency ... 0.85 | 0.80 | 0.90
B 1

R pomr-procas) » R @rocas_meraane) » @, A COD COD

B 6 3

6 3 COD
B 0.213 0.140 0.225

B( )

=24(m” progas/m’ poup)* 0.58(” yprane/M® progas)* 6.50% 107*(t/m?) + (0.05(t/m”)x 85(%))

=0.213
B( )

=24(m” grogas/m’ poue)* 0.36(° yprrane/M’ progas)* 6.50x 107*(t/m?) + (0.05(t/m”)x 80(%))

=0.140
B( )

=24(m” grogas/m’ poue)* 0.65(0° yprane/M® progas)* 6.50x 107*(t/m?) + (0.05(t/m”)x 90(%))
=0.225

Oil Palm and the Environment A Malaysian Perspective (1999)
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MCF ]

B B, MCF 6 4
6 4 MCF
MCF 0.852 0.560 0.900
MCF y =B ) B, =0.852
Step2.4. POME
Step2.1. 2.3. POME
POME t_CH,
CH,gw pome = ACOD(kg/ m’_poyp x Bo(kg_CH,/kg_cop x MCF
POME CO2 t_CO2
GHGg.w poue = ACOD(kg/ m’_poyg x  By(kg_CH,/kg_cop MCF x  GWPgy,

Step3] POME GHG
Stepl 2 i POME
CH,ipav _pome
=POME;g,; X CH4(BaU /POME
POME GHG

GI_I(}(BaU —POME

7
:z CH, pav _pomrX GWPcp,y
i=1
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6.1.2. GHG

°
°
[Stepl]
CER
POME : POME;p,gject)
COD : ACOD(kg/m®_poum
: By (kg_CH/kg_cop
CH4 . MCF(Project
: CH4(Pr0ject _romr(t/y)
: HV—Methane(MJ/kg
- : CF(kWh/MJ)
: Efficiency(%)
Stepl.1
6.2.1.

CH4 i (Project —POME(t—CH4)

=POME;p, e * ACOD(kg/m’ poyp  x By (kg CH/kg cop X MCF pyjec
Step 1.2 Heat_ replaced
HV_Methane CF
Efficiency

H € at_ replaced(MWh)

7
= > CHyiprjeer —vous ¢ ¥ HV ypneMI/kg x CFWH/MJ x  Efficiency(%

i=1
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[Step2] GHG

CO2 : EF(replacedaCOZ (kg/kWh
CH, : EF(replacedaCH4 (kg/kWh
N,O : EF eptacea - n20  (kg/kWh
CH, : GWP(CH4
N,O : GWP 20

: Heati— replaced (MWh/y
: LossRatio . e(%

. LOSSRatiO_replaced(%

LossRatio e, LossRatio ,epacea

C OZ—replaced (t—c 02

= Heat; ,oaceq © Bfficiency X (1 LossRatio_jgee + (1 LossRatio_epiacea X EFgeplacea . coz
MWh/y (kg/kWh
CH4— replaced (t—COZ
= Heat;,_,pneea + Bfficiency X (1 LossRatio_pg e = (1 LossRatio_paea X EFgepiaccancma X GWPopy
MWh/y (kg/kWh
NZO— replaced (t—CO2
= Heat; ,pmeea + Bfficiency X (1 LossRatio_pg e = (1 LossRatio_pacea X EFgepiaceanzo X GWPio
(MWh/y (kg/kWh
GHG— replaced (t—COZ = COQ— replaced + CH4—replaced + N2O— replaced
6.2.
6.2.1.
CO, CO,

: CH4(BaU _POME (tly
: BF om0 (¢ COy/t_CH,
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Co,

COZ_combustion(t’—COZ CH4(BaU _POME(t' X EF(CH4 -~ CO02 (t—CO2/t—CH4
6.2.2. FFB
CDhM FFB FFB
FFB
( : TransportDistance (km)
: FuelConsumption (t/km)
FFB . AFFB(t)
: Load (t/vehicle)
CO2 : EF(transport -C02) (kg/kWh)
CH4 : EF(transport - CH4) (kg/kWh>
NZO : EF(transport -N20) (kg/kWh)
CH4> . GWP(CH4)
N,0) : GWP(NZO)
FFB FFB
FFB
GHG?Transport

COZ—Trasnport(t—COZ
= AFFB+ Load x TransportDistance x 2x FuelConsumptionX EF yauepert . coz

CH4—Trasnp0rt(t—CO2
= AFFB+ Load x TransportDistance x 2x FuelConsumptionX EF yaneport-cns X GWP ey

NZO—Trasnport(t—CO2
= AFFB+ Loadx TransportDistancex 2x FuelConsumptionX EF 1.ncpor-n20 X GWP a0

GHG—’I‘rasnport(t—COZ = COZ—’I‘rasnport + CH4—Trasnp0rt + N2O—Trasnport
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6.2.3.

: Electricity Consumption(kWh

:N
Co, { BF iy coz (kg/kWh
CH, {BF iy cns (kg/kWh
N;O : EF gartup-n20  (kg/kWh
CH4 . GWP(cH4
NZO : GWP(NZO

C OZ—Startup (t—C O 2

CH4— Startup (t—COZ

NQO— Startup (t—COZ

GH G— Startup (t—C 02

6.3.

GHGrorar pav =

ElectricityConsumption X N X EF g coz

= ElectricityConsumption x N %X EF g cm

= ElectricityConsumption x N %X EFg..up.N20

= COQ— Startup + CH4— Startup + NZO— Startup

GHG

GHG

GHGPOME—BaU (t—CO2 + GHG—replaced(t—COZ
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7.1. FFB
FFB
CPO POME
FFB :A FFB, (tly
POME : POME,,y (m’y
FFB CPO :R_grs.cro  (t_cpo/t_rre
CPO POME : R_(cpo . pome (m’_ponp/t_cro
: Bo(kg_cna/kg_con
COD : ACOD(kg/m?®_poye
: MCF
FFB
POME
3
Casel
Leakage_cp,
Case2
POME
58% 36%
Leakage_CH4
Cased
POME
Case3 Leakage oq, O
ex-post
Leakage_cm A FFB x R_(FFBﬂCPO) X R(CPOQPOME) X A COD X Bo X MCF X CWP(CI—M\
t_COyly (tly) (t_cpo/t_rrs) (m°_pome/t_cro) (kg/ m®_pon) (kg_cna/kg_con)
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7.2 FFB CPO
FFB CPO
CPO CPO
FFB : AFFB(t)
FFB CPO : R_rs. cro) (t_cpo/t_rrp)
( ) : TransportDistance (km)
: FuelConsumption (km/L)
: Load (t/vehicle)
CO, : EF(CPoﬂcoz) (kg/km)
CH, : EF(CPOﬁCHéL) (kg/km)
N,O : EF(CPOANZO) (kg/km)
(CHY) : GWP iy
(Nzo) : GWP(NZO)
FFB CPO
FFB CPO
FFB
CO, po = AFFB x R_gm_cpoy * Load x Transport x 2 X Fuel X EF (1yansport . coz)
(t_CO,) Distance Consumption
CH, ¢po = AFFB x R_gpg_cpgy + Load X Transport x 2 X Fuel X EF tanspe X GWPopy
(t_CO,) Distance Consumption vt CHA)
CH, ¢po = AFFB x R_gpg_cpoy * Load X Transport x 2 X Fuel X EF qangpe X GWP o0,
(t_CO,) Distance Consumption 62 N20)
GHG_ ¢po (t_CO,) = CO,_cro +  CHy cpo + NyO_cpo
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9.1.

e FFB COD

o KIT UPM

9.2,

10.

177

KIT-UPM

GHG



1.1

Annex 4

FIFB CPO
POME GHG FFB GHG
FFB
POME
COD
COD
BOD
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1.2.

CER DOE

CDM

o

CPO
FFB x 0.2

v

Fibre —
FFBx 0.14

<<
—>
—> Shell >
FFBx 0.07
., =
POME

FFBx 0.24
FFBx 0.475

(6{0)))
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2
1D
(m or
(c
(e
1 | FFB t/d m 100
2 | POME m®/d m 100
3 COD mg/L | m 100
4 COD mg/L |m 100
5 BOD mg/L | m 100%
6 Kwh m 100
7 L/ m 100
kWh
8 m 100
9 days m 100%
3.
FFB
3
ID (m)
(© or
(e)
1 | FFB t/d m 100
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QA

QC

ID QA/QC QA/QC /
/71 /
FFB FFB FFB
FFB
POME POME
CcO2
COD co2
COD
BOD BOD
CcO2
co2
PDD
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6.1.

6.2.
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Annex 5

1.
FFB (1996~2002 306,919(t/y S
CPO 0.19 “Malaysian Oil Palm Statistics
2002” 1996~2002
CPO POME 2.5(m® _popz/t_cro Malaysia National Greenhouse
Gas Inventory 1994
POME 24(m®_piope/m® _pong Malaysia National Greenhouse
gas Inventory 1994
( 58% KIT-UPM
( 65% Palm Oil Research Institute
Malaysia(PORIM
POME COD 50(kg/m?) Oil Palm and the Environment
~A Malaysian Perspective 1999
POME COD 35.0 kg/m? KIT-UPM
MCF( 0.560
MCF( 0.900
S 60t/h S
55.5(Md/kg
80%
2.
0.15(US$/t_ )
15.4 US$/t_
500( It_ )
2.4¢t_ /h)
6,000(RM/ FELDA
10( )
2( ) POME
500 m? 120,000(US$/tank
1 3,420m?
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FFB
EFB
CPO

POME :

OER
RM

TNB
PTM

PORIM :

KIT
UPM
DOE

Annex 6

Fresh Fruit Bunch

Empty Fruit Bunch

Crude Palm Oil

Palm Oil Mill Effluent

Oil Extraction Rate CPO
Ringgit Malaysia

Tenaga National Berhad

Pusat Tenaga Malaysia

Palm Oil Research Institute of Malaysia
Kyushu Institute of Technology
Universiti Putra Malaysia

Designed Operational Entity
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Minutes of the Third Steering Committee Meeting on
CDM Project in Malaysia Palm Oil Industry

Date: 11 March 2004
Time: 9.30-12:00
Venue: Ministry of Science, Technology and the Environment (MOSTE), Putrajaya.

Chairman’s Welcoming Remarks(Dr.Nadzri)
The definition of small scale CDM project is clarified by the chairman.

Power generation capacity should be less than 15MW

Introduction of Malaysian and Japanese Members
(Attendee and absentee are on the attached)

Confirmation of the Minutes of 2™ Steering Committee Meeting
As no issue was raised, the minutes of 2" steering committee meeting was confirmed and
endorsed.

Presentation of Progress Report
4.1 “Progress on the gas tank in Serting Hilir mill” was presented by Mr.
Shahrakbah Yacob from UPM

e Question: What are the diameter and the height of the tank? (Mr. Chow, MMS)

— Answer: Total height is 10m and diameter is 10m. (Mr. Shahrakbah, UPM)

e Comment: This is a unique study which is jointly carried out byKIT, UPM and
FELDA. The cost of the construction is relatively low compared to Japanese standard.
(Prof. Shirai, KIT)

¢ Question: Who did the design and the construction of the tank?(Dr. Nadzri, MOSTE)

— Answer: It was designed by Japanese (Sumitomo heavy industry) and constructed by
Malaysia (FELDA).(Prof. Shirai, KIT)

e Question: How much is the construction cost? The cost might indicate the cost of a
small scale project. (Ms Azizah, Ministry of Primary Industry)

— Answer: Tank cost was RM427,000and the design fee (expertise, design) was
RM250,000.(Prof. Ali, UPM)

— Comment: The scale of the project is based on the power generation capacity not on
the expenditure. However, the cost is an important factor for the project participants.
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4.2

(Dr. Nadzri, MOSTE)

Question: What about the security of the tank? (Dr.Yeoh, SIRIM)

Answer: The pressure control will be regulated using pressure break (safety feature).
The maximum operating pressure of the tank is 2k Pascal. However, at the current
situation, since the gas holder has not been installed, the gas can freely flow out of
the tank with a slight gradient of pressure between inside and outside of the tank.
(Mr. Shahrakbah, UPM)

Question:; Will the gas be just released or burned? (Dr.Yeoh, SIRIM)

Answer: Currently, only the basic system of the tank and chimney have been installed
due to the budget constraint. Therefore, the gas will be released without burning,
which is the first stage. In the second stage, hopefully we will install gas scrubber, gas
holder and gas turbine with financial support from FELDA.(Prof. Ali, UPM)
Question: How much is the electricity generation capacity of the biogas pilot plant?
(Dr. Anuar, PTM)

Answer: This is the test case with 500 m?® tank. In this case, our estimation is 100kW.
(Prof. Shirai, KIT & Prof. Ali, UPM)

Question: Where the effluent will be discharged and will it be monitored? (Mr. Famey,
DOE)

Answer: Effluent discharged will be monitored daily in term of BOD, COD, volume
and other chemical properties. Then treated effluent will be chanelled into the
current POME treatment system not directly discharged into the river. (Mr.
Shahrakbah, UPM)

“Feasibility study of Effective Usage of Palm Biomass for Value-added
Products by CDM” was presented by Prof. Yoshihito Shirai from KIT

[Methane reduction by organic acids production]

_)

_)

Question: Is the methane emission reduction achieved by the organic acid production
system? (Dr. Nadzri, MOSTE)

Answer: Organic acids will be produced half-way of the anaerobic fermentation of
POME prior the conversion of organic acids to methane. Therefore no methane will
be produced in organic acids production system. With this system, we can produce
more value added products (organic acids) than methane itself or electricity
generated from it. (Prof. Shirai, KIT)

Comment: it is interesting to note that Prof. Shirai, he will be the first researcher to
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conduct organic acids production by POME.. This discussion will be followed by the
presentation on the baseline methodology by Ms.Kawamura, which is also the issue
in order for this project to be CDM project. (Dr.Nadzri, MOSTE).

[Energy source]

_)

Question; What is the energy source of organic acids production? (Dr.Yeoh, SIRIM)
Answer: In this model case only POME will be utilized for organic acids production
not EFB or other by-products of palm oil. 90% of the POME will be used for the
energy and 10% will used to produce organic acids. (Prof. Shirai, KIT)

Question: What is the view of DOE for diesel utilization.(Mr. Chow, MMS)

Answer: The department is encouraging people to use the gas as an alternative
energy to diesel.(Mr. Famey, DOE)

[CER price]

4.3

Question; Concerning the CER price, what is your calculation based on?(Dr. Anuar,
PTM)

Answer: The assumption was based on the Japanese common sense andthe
calculation was done using Japanese price. (Prof. Shirai, KIT)

Comment: If you consider CDM project, panel will focus on the reduction of the
methane. With the suggested price you can easily certify emission reduction. This is
something we can convince the panel. Another point is the leakage. What could be the
leakage of the effluent after the digestion? Leakage will be the question to be raised
by the panel. (Mr. Chow, MMS)

“Possibility of Utilization of CDM Scheme” was presented by Ms. Ai
Kawamura from Ex Corporation

[Leakage calculation]

Question: Concerning leakage, what is the meaning of “Emission at other mills where
the FFB would have been carried without this CDM project”? (Prof. Omar, USM)

Answer: With this CDM project amount of FFB received is expected to increase. This
leakage counts the methane emission from POME treatment at other mills where
FFB would have been transported without this CDM project.(Ms. Kawamura, Ex Co.)
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[IPCC formula]

_)

Question: What is IPCC formula? (Prof. Omar, USM)

Answer: IPCC stands for Intergovernmental Panel on Climate Change. In order for
each country to report the amount of GHG emission, there is a certain standard of
emission factor which will be agreed upon which is called “default value”. In a case
that the country does not have their own observation value, they can utilize the
“default value”.(Mr. Chow, MMS)

[ODA utilization]

Comment: For policy maker, indirect support by ODA is another way to enhance the
feasibility of CDM project. The important point is that the ODA for CDM project
should be additional to the existing ODA for Malaysia. For example, if the ODA from
Japan is now 20 million, when CDM comes into the picture the ODA should be more
than 20 million. If it is the case, it will not be considered “diversion” of ODA. (Mr.
Nadzri, MOSTE)

Question: |1 would like to clarify that when you talk about ODA utilization, will the
ODA funds directly to the project biogas plant itself or other related activities? (Mr.
Subash, FELDA)

Answer: If the target is FELDA company, ODA cannot be applied. However, in order
to transfer the technology and Malaysian Government requested to JICA, it can be
applied. In fact JICA officers are ready to talk with FELDA concerning how to
prepare the application for Japan’s ODA. (Mr. Suzuki, Ex Co.)

Comments: Malaysia is currently not in the ODA list. However, Malaysia can still
benefit from other forms of ODA which is loan. ODA has various sections such as
science and technology, information technology, human development which is
confined to the capacity building not profit making. The concept is more like a
bilateral cooperation between government to government. While CDM is private to
private business entities. It is difficult to draw line which is ODA and which is not
ODA. Once the status of the project is determined, | believe ODA can be utilized for
this project. (Mr. Muthu, EPU)

Comment: However, looking at the possibility of the ODA, ODA can be utilized only
for capacity building and R&D project. This is not the direct investment due to the
CDM project.(Mr. Chow, MMS)

Comment: The most important thing is to start up the biomass industry. Supporting

the biomass industry will be a good reason for ODA utilization. (Mr. Suzuki, Ex Co.)
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Comment: Again this is what we can consider a part of the CDM. If it is outside the
CDM such as biomass capacity building programme, there is no relation with the
diversion of ODA. (Mr. Chow, MMS)

Comment: ODA to the digester tank might be the problem, however, the additional
factor such as capacity building for a particular sector will not be the problem. ( Ms.
Azizah, Ministry of Primary Industry)

Comment: Basically ODA is government to government issue to support the
governmental infrastructure. Any program to increase the capacity of both
government will get our support. Which include CDM feasibility study, we would
encourage your project. Now the only issue will be the methodology. We have
Mr.Chow, who is involved in CDM Meth panel. Once the methodology proves
complete, you can go further step. (Dr. Nadzri, MOSTE)

Comment; Japan’s ODA is on request basis, in this case, focus would the biomass
industry from palm oil industry. As the trend of the Japan’s ODA is now shifting from
the previous style of ODA to the environmental issues. So this type of the project has
a big chance to get ODA. However, it depends on the priority of Malaysian
Government. Therefore, | hope that the participants here will strongly request for
Malaysian Government to get the priority. Moreover the present prime minister is
strongly promoting biomass industry. (Mr. Takata, Fukuoka Institute of Technology)
Comment: We have to go back to the idea in Marrakesh accord. If a capacity building
project is funded by ODA, CER generated from the project shall not be approved or
recognized by Malaysia. Unless Japan claims CER equivalent for ODA, we are most
welcome such capacity building or R&D project. Therefore, the utilization of ODA
should be limited for the capacity building program. (Mr. Chow, MMS)

Comment: We have various windows for Japan’s ODA such as JICA, JBIC and NEDO.
Also there are various possible categories for ODA. However, the point is how do we

know there is a initiative for CDM or not. That is the concern here. (Mr. Muthu, EPU)

[CER & BaU scenario]

_)

Question: With organic acid production utilizing 10% of POME for material use and
90% of POME for energy, the CER to be obtained will be very little and not viable for
CDM project. Is that what was said in the presentation? (Dr. Yeoh, SIRIM)

Answer: In my estimation, organic acid production is profitable, therefore it cannot be
the CDM project and it should be the outside of the CDM boundary. On the other
hand, energy supply will not be commercially feasible and we can count GHG

reduction by energy replacement as CER. In this case, we can count the methane
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emission reduction which is the main reduction factor of this project. (Prof. Shirai,
KIT)

Comment: If the organic acid production is financially feasible, the business as usual
scenario will not be anaerobic treatment but organic acid production. 100% of POME
may be used for organic acid production. If we select the conservative scenario, we
have to think of this possibility. ( Ms. Kawamura, Ex Co)

Comment: Huge amount of energy will be required for the organic acid production.
Ms. Kawamura may assume EFB as energy source, however, this is not realistic
scenario at the current situation. Therefore, 100% of POME cannot be utilized for
organic acid production. (Prof. Shirai, KIT)

Comment: | assume diesel oil as fuel for biomass industry. (Ms. Kawamura, Ex Co)
Comment: Anyway, there is a lot of uncertainty in starting biomass industry. My idea
is to reduce the uncertainty or risk, we should utilize the ODA. Also, we choose 7
years for CDM project period because we can update twice and less uncertainty is
expected for 7 years rather than 10 years. (Mr. Suzuki, Ex Co)

[Applicability of baseline methodology]

Question: Please clarify whether the methodology can be generalized to other projects
or applicable to this specific project. Also the accuracy of methane conversion factor
(MCF). (Dr. Yeoh, SIRIM)

Answer: Baseline study is different from one project to the other project as the
emission rate of methane is different as business as usual for that particular mill. It
should be based on project basis not a blanket baseline for all projects. However, the
methodology of the baseline study should be approved by EB and be used for all
future CDM projects. Concerning the accuracy of MCF will largely depend on the
extend on the feasibility study. Stress should be given by the researcher on the
reliability of the data collected. That rate is the very much depend on the digester
type. (Mr. Chow, MMS)

Comment: This is not the best system, however, if the technology progress and
methane generation ratio increases in the future, you can always revise the
generation ratio.(Mr.Chow, MMS)

Comment: The sealed tank is going to be operated at ambient temperature but if the
fermentation temperature if higher than more methane will be produced, how is this
going to affect the CER?.(Dr. Yeoh, SIRIM)

Comment: What we are trying to do is to determine the principle, for example, lagoon,

sealed digester for project baseline scenario and try to determine the methane
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generation ratio from them. This is the principle. However, if someone installs the
more efficient fermenter which can recover more methane than the principle case,
then he can claim more CER. (Mr. Chow, MMS & Dr. Nadzri, MOSTE)

[CER price]

_)

Question: Can IRR 20% be achieved? (Dr.Anuar, PTM)

Answer: Cannot be achieved if the price stays at US$5 instead of US$12 as used in
the calculation. (Mr. Chow, MMS)

Question: Is the transaction cost included? (Dr. Anuar, PTM)

Answer: No, it is not included. (Ms. Kawamura, Ex Co)

[Calculation of viability of organic acids production]

Question; What is the method of calculating CDM project (breakdown to all factors)
Can it be used as a guideline for other project. (Prof. Omar, USM)

Comment: What Prof.Shirai has done is to a make model with the Japanese cost.
Some local costs such as labour cost has been considered, however, this is the first
draft model. (Mr. Subash, FELDA)

[Submission & Development of PDD]

_)

Question: Do you have any intention to submit the PDD? (Dr. Nadzri, MOSTE)
Answer: | think this is just the PDD exercise because we have to obtain more actual
data with new fermenter when we go for CDM. (Mr. Subach, FELDA)

Comment: Generally, in the approval process, you may submit PIN (Project Idea
Note) first to ensure the project is acceptable. Then move on to PDD. However, if the
project is feasible enough you can directly apply for the endorsement of PDD. (Dr.
Nadzri, MOSTE)

Comment: It has to be commercial stage, before we go for any preparation of PDD.
(Mr. Subach, FELDA)

Question;: Mitsubishi Security has already submitted the PDD. Are you going to
prepare the new one or follow them? (Mr. Chow, MMS)

Answer: Their methodology is similar to ours. We both use IPCC formula. There are
some differences. For example, determination of MCF or availability of grid
connection. However, | do not know the current situation of the PDD. (Mr. Suzuki, Ex
Co)

Comment: There were some good comment by desk review on the PDD. (Mr. Chow,
MMS)
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— Comment: We submitted PDD last year, however, it did not submitted before the
deadline expired, so we had to withdraw. However, we received the comments from
Meth Panel. In my understanding, we need more preparation such as the
methodology to claim the baseline from methane recovery. This should be based on
the business point of view. It should be the very cheap way. In order for that, we must
obtain the data which can be generalized for other projects, otherwise we have to
conduct measurement for each project. This is what we have to be careful. Therefore,
when we obtain the very general value, we can submit. Ex corporation is now trying
to make build the logic of the baseline methodology. When both the measurement
data and the logic is completed, we will submit the methodology. (Prof. Shirai, KIT)

¢ Comment: Monitoring methodology is also important, and it should be conducted for
21 years, therefore, if the monitoring cost becomes huge the project will not be viable.
Therefore, simplicity of the methodology is very important.(Dr. Nadzri, MOSTE)

e Comment: The good point of CDM is that we can date back to the previous point. At
the current estimation, CER price is very low, therefore we cannot start CDM project.
However, we can start to reduce GHG for another purpose such as biomass industry.
We cannot start the CDM project because of the economic reason, however, when the
CDM project becomes economically viable, we can claim CER date back to the
starting point because we have proof for that. This is our strategy. Now we are very
careful to submit the PDD. (Prof. Shirai, KIT)

5 Concluding Remark(Dr.Nadzri)

6 End
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Feasibility Study of Effective Usage of Palm Biomass
for Value-added Products by CDM

Prof. Yoshihito Shirai and Prof. Mohd. Ali Hassan

Kyushu Institute of Technology
University Putra Malaysia
EX Corporation
Sponsored by Ministry Environment Japan

Purpose of this FS

The purpose of this feasibility study is to examine the feasibility to produce
value-added products from POME and EFB by using Clean Development

Mechanism (CDM). Here we consider about methodology to determine
methane from open digesting tanks in a palm oil industry. A strategy to use
the biomass energy efficiently supported by CDM is considered to produce
the value-added products from POME and EFB

Back Ground

Japanese side 1

Japan is reques peyeloped and developing
[JKyoto protocol  _, |effect gas (GH{ countries collaborate to reduce

[Clean Development Mec during the perid GHG in the developing country

—>
(CDM) Electric power companies in Japan are
I:Renewable Power Supply raniiactad tn |-|ea P‘ﬂ-hﬂ\ll’\hlﬂ nhnw‘;y
(RPS) law — | Totally strategic policy of the A
Japanese Government to

[Biomass Nippon Totally _, | encourage the effective usage of

Strategic Policy biomass (budget size around 2
hillion RM. 60 hillion 1Y)

The Japanese Government requests us
[bthers to add bio—fuel (ethanol) 3% in
gasoline for automobiles

Malaysia side
[Bmall Renewable Energy Policy (SREP)
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Research location : Serting Hilir mi'!

Material balance nill

Biogas
122,500 m3/y
(145,000) (Methane+CO,)
FFB ) digesting tanks Biogas
246,000ty EI (Methane+C02)
(292,000) no biogas (30%)

EFB Fiber CPO
FFB x 0.24 FFB x 0.1 49,000t/y
=59,000t/y || = 24,600t/y (58,000)
(70,000) (29,200) facultative pond
minimum value in these 10 years
(mean value in these 10 years

Novel Business Using Biomass Energy from Palm Oil Industry in Malaysia

CDM provides profitable
area for novel business to

be supplied from palm
oil industry with a very

good price

for novel business

CDM provides a complete methane 1. CDM can reduce GHG by sealing

fermentation system and can change lagoons.

lagoon area to the profitable area. 2. Local pollution can be prevented.

CDM provides electricity using the methane (odd smell from lagoons stopped)

fermentation system to supply to novel 3. Local employment can be en-

business with a very good price. couraged by inviting novel
business.

According to the economic growth in Malaysia and Indonesia development of new
oil palm plantation in the tropical rain forest becomes no longer economically
effective. To answer the increasing demand for palm oil in the future, it will become
essential palm oil industry must cooperatively stay with other industry and people.
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Cooperative joint project among KITCUPMCFELDA

Cost Estimation 1.5 million JY
Egﬁé?gggmpoun%?))o/ (Fermentor, Scrubber O
0 Storage tank, and others)

- 0
E.e/ Biomass (potentiality) %—D POME residence time would be

. k system reduced to 10 days (currently
Cellulose :10000t/y (SY 20days).

Lignin :10000tly | |nstalled by KIT and UPM
Hexose : 11000t/y
SR

Pentose : 11000tly |[rome Biogas

Lactic acid : 22000t/y | '6000,m3/Sep (Methane+CO2)
Poly-lactate : 20000t/y & &ﬁtﬂj
% /]/

360000ty

!
g W Acids fermentation

5 o9 |Aceticacid : 800tly
72 | [, | [0 | Propionic acid : 400ty
= 86400tly | | = 36000tly "I | Butiric acid  : 400t/y

(periments in Serting Hilir Mill

Methane fermenta—
tion system for URM
and KIT

Sign board indicat-
ing collaboratia
between UPM & KI

200



guest01
200


B Baseline Scenario Boundary

/ Project Boundary

FFB
246,000t/y

(292,000) |]

POME anaerobic
treatment system

POME
122,500t/y

(145,000)

EFB
59,000t/y

(79,000)

pen digesting tanks

B unitsOd

v

Effluent after aerobic treatment is discharged into river

cPoO
49,000t/y

(58,000)

Fiber
24,600t/y

(29,200)

Shell
11,800t/y

(14,000)

Serting Hilir mill

Onsite utilization of generated electricity

£

*EFB is not utilized efficiently.

+*Methane gas from POME is

emitted into atmosphere by open
digesting tank system.

B Project Scenario Boundary

/ Project Boundary

FFB
292,000t/y

Plantations

l

l

POME
145,000t/y

EFB
70,000t/y

POME anaerobic
treatment system

Sealed digesting tanks|
6 unitst

[Option B]

EFB - .
Biomass Material

Biogas recovery

CPO
72,000t/y

Onsite utilization of
generated electricity

For fuel
— Fiber
29 200t/v
— Shell
14,000t/y

Serting Hilir mill

[Option D]
Improvement of
boiler efficiency

Heat and
electricity
utilization

(s s

...........................

[Option CJ

Anaerobically treated POME

— Organic Acids

/

Biomass industry utilizing
palm oil by-products
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Relationship between COD Removal from Open Digesting Tanks
and Methane Emission in Serting Hilir Mill
1600 T T T T T T T T T T T T T T T T T T T T T T T T

1400
1200

1000 Standard deviation

800

600
400

Methane emission [kg/d]

i

200

0 1000 2000 3000 4000 5000 6000
COD removal from open digesting tanks [kg/Zd]

Methane emission ratio = (Methane emission)/(COD removal) = 0.152 (Mean)
= 0.105 (Most conservative)

Methane Emission from Open Digesting Tanks
Methane, CO2

Sy — W — s

43,288 + 1,841ppm 8,719 + 1,971ppm

34,569ppm COD removal
34.6 kg of COD can be removed from 1 m3 of POME

by anaerobic treatment with the open digesting tanks

=P 34.6 kg/m3 x 0.152 = 5.26 Kg-methane/m3-POME
(Mean)
34.6 kg/m3 x 0.105 = 3.63 Kg-methane/m3-POME
(Most conservative)
How much methane is emitted from Serting Hilir mill ?

145,000 m3-POME/y X 5.26 kg/m3 = 763 t-methane/y (Mean)
122,500 m3-POME/y X 3.63 kg/m3 = 445 t-metnane/y
(Most conservative)
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ADVANTAGES

of Palm Oil Industry as Green Industry!!
Business as Usual .

(Bal)

F;

No logistics
issues as BaU

Constant collection of
biomass through whole the
year as BaU

s :
Even only one mill yields averagely no less than_40,000 tons of

standardized biomass (they are not waste but resource!!) as BaU.

Continuous Production of Organic Acids from POME under an Aerobic Condition

i

POME Anaerobic treatment  Purified organic acid
20

18

Organic acids conc. (g/L)

I~ B~ B~ N 7~ N~ B 7~ B~ 7~ N~ B 7~ B~ 7~ N~ B 7~ B~ 7~ O~ N 7~ B~ B 7~ I 7~

Time (Day)
—e—lactate —=5—formate —a—acetate —x—propionate —x—butyrate —e—Total
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Production of Organic Acids and Ester Compounds

POME | =—p—p | Organic Acids and Ester Production

145,000 t/y 14,500 t/y

—> | Energy Supply| +— CDM

130,500 t/y

Material Balance from Anaerobic Treated POME to Ester Compounds

produced organic acids
0.5% acetic acid, 0.3% butyric acid,0.2% propionic acid
(14,500 t)

[ sludge sedimentation H wet sludge |—>[ filter press ]—> (Ssllgégf)

supernatant filtrate
(13,700 t)

v
9,600 MWh concentration by a multiple N
+ 400 MWh effective evaporator and 1:\;\’ g fé ¢
freezing & thawing @as, )

concentrated organic acids
10% acetic acid, 6% butyric acid, 4%propionic acid butanol

(685 1) Gar

i l

1,920 MWh azeotropic distillation | butanol
& esterification decantation (2430t)
l water

butyl acetate (133 t), butyl butyrate (67 t), (548t +361)
butyl propionate (48 t), butanol (240 t)
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Material Balance in the Distillation Process for the Purification of Organic Acids

butyl acetate (133 t), butyl butyrate (67 t),
butyl propionate (48 t), butanol (240 t)

il ot butyl acetate + butanol
distillation 331 (240 1)
water

(B221)
butanol || water

acetic acid (326 t) 300t
(691) ¢ )

o butyl propionate
distillation 481
water

propionic acid @71t 421

butanol water

@71

butyl butyrate
671
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