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Buef Mo Mz Ab Tha' Ademamd 183/ 2007

To

br. Punsch Porgpirod s

Diirector General

Depamment of Alernalive Energy Develapiment and Efflciency,

himndary of Energy
Fraject ! Study aned Demonstration of Blomass Gasificatbon for Electricity

Subpet @ Momination of Potential Sites lor lmplementing Rlomass Electrification Project.

Dvear mr,

Refirmg bo mermnorand o of mnderimidong between the Mmistry of Enennyof the Government of
the Unian of Myanmar and fhe Minstry of Ensngy of the Government of the Empdorn of Tl on " Coop-
eratiom in the Field of Renewable Enengy and Energy Conservatian”, b varmmss Enginsering Socacty m coop-
eration with Minstry of Enengy has identified il falbowing sites in Yangon Division, Twian-Tay Township for
emplermeritation Boomass Electr ficabhon Pmjed,

(M  DiaGoan Duing
(2} Nyang DaGar
(3} SannYwar

(4} Kha-Lok

Looking fiorw ed o frthey cooperation with your estesmed organization.

hasinie
Encngy & Renewable Energy Commuities
Ml yaeror Engineering Society

o - Director General, Enengy Plansing Deparimont, Mensrvof Ensgy
Presidons, M Enginsering SocienAJFS

Adidress - MES Buildng. Hlaing Univemiliey' Campus, Hlang Townahip, Yangon 11082, Myanmas
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Selection of Dagoon Daing Village
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MYANMAR ENGINEERING SOCIETY

L . ;
*‘*-a,h,-*"; Miaing Universities’ Campus, Hlaing Township. Yangon, Myanmar
> Tof : 951510673~ T6, Fau . 95-1.515681
E:mall : mﬁgﬁqllﬂmﬂ. i bl e T A T T
D 1% Seplemiber 2007
Rel Mo, @ BaAhk Tha Admins 209 2007
To
Mr Panich Pormgspimodom
Direcios Ceneral
Diepartmen| of Alkernative Frengy Developrment and Efficiency
W =usiry of Energy
Frogect 0 Stwdy and Demonstration of Biomass Casilication for Electricicy

Frlerence @ Side Belection Summary Beport Frepared Hy E RIM-CRML

Sultgocl ¢ Belection of Da-Goon-TDaing Yillage. Twan-Tay Township, Yangom [Fivisiom as
development site for implementing Blomass Eleetriciry Project.

Dhzir Sir

Refeming o memorandien of understanding hebween the Ministny of Energy of the Convernmen of
the Unson of Myasmar and the Minastry of Energy ol the Government of the Kingdom of Thaikusd on
*Cooperaton in the Field ol Renewable Energy and Energy Conservation”™, Mayanmar Enginecring Socicly
under the guidanes af the Minisiry of Eneryy has selecied Ba-Croon-Daimg Village, Twmn-Tay Toownshdap,
Ve Dhvas i, Buzed on Uhe evaluatim seport comdactad by ERDI-CMIL on e four poteniial sives, mively
11 e Goon Daimg (2] Wyaung Da Gar (3 ) Sann Ywar(d) Kha-Lok.

Cra-Uican-Daing was selemed o the most fvorable of choice based on the iodal mirks
carned (327, The other impoctar pomls ane-

{2l Da-Goon-Doing has sumplus supply ofricchusk for the currend electnicity noed.

b Thesurplis issnough for the pesx few vears afpredicted eleotrigity consurmpion,

£l The positive allisude and sapemerss of te cormmunaty.

idy T D Ciosnn-Diaievg conmmuety has shoram their readiness and willingress 1o suppos the peoject
(2l Thevillape leaders and villagers are comnmigied 1o maee the project 2 success{ul andsustainnble one

Your Sancemely

_u—"'_"-"_._.-._-."\'--.-:":. - b=
L' Wim Kharsg
Crencral Setretary
1Chaaman «Enerey & Rerewahle Ensrgy Comnmaiies)
Svanmar Engincering Soiody

CC: « Direcior Geneml, Energy Planning Depanment, Mingsiny of Energy
Prisidenl, 3 yammmar Engneenng Sociely (MES)
Mr Chaschawan Chaschana, Depany Darestor. Engngy Maragement and Comservatson Cemer
Chiang Mai Uneversty (ERDCWLT

Addmss | MES Buikding, Higing Universiies” Camgus, Haing Toweshp Yergen 11052, Myanme
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Biomass Fuel Analysis Results
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1.1 Heating value and % sulfur
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Analysis bamboo rice straw rice husk wood
No. Hg(cal/g) | %S | Hg(cal/g) | %S | Hg(cal/g) | %S | Hg(cal/lg) | %S
1 4557.00 | 0.47 | 363246 | 0.68 | 3339.87 | 0.05 | 3997.30 | 0.07
2 3987.01 | 0.41 | 3684.06 | 0.75| 3212.75 | 0.04 | 3895.04 | 0.05
3 4641.03 | 0.43 | 3809.77 | 0.81 | 3189.70 | 0.05 | 3869.32 | 0.08
4 3887.21 | 0.38 | 3638.26 | 0.71 | 3729.67 | 0.05 | 3846.64 | 0.04
5 4565.25 | 0.49 | 3859.56 | 0.77 | 3349.89 | 0.05 | 4017.01 | 0.09
6 3786.30 | 0.38 | 330498 | 0.72 | 3349.64 | 0.03 | 384539 | 0.05
7 3894.12 | 0.39 | 362956 | 0.80 | 3217.01 | 0.05 | 4191.30 | 0.07
8 3968.30 | 0.43 | 3726.69 | 0.71 | 321952 | 0.03 | 3788.14 | 0.05
9 4778.10 | 0.49 | 3929.56 | 0.79 | 3410.60 | 0.05 | 3859.10 |0.05
10 4657.79 | 0.39 | 334299 | 0.73 | 312945 | 0.03 | 3904.18 |0.07
AV 427221 | 043 | 3655.79 | 0.75 | 331481 | 0.04 | 3921.34 | 0.06
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1.2 Moisture
Total Total
Crucible| """ | Sample | weight |Sample AV
Crucible Crucible : - .
i weight | Crucible | weight %
Sample Weight + . %
No. Sample before |+ Sample| after | moisture _
(@) oven (g) |after ovenjoven (g) moisture
(9)
(9)
1 32.80 | 33.80 | 1.00 33.72 | 0.08 7.73
2 35.80 | 36.80 | 1.00 36.73 | 0.07 7.35
3 37.34 | 3834 | 1.00 38.27 | 0.07 7.39
4 27.78 | 28.78 | 1.00 28.70 | 0.09 7.29
5 29.79 | 30.79 1.00 30.71 | 0.08 8.61
Wood 7.49
6 34.80 | 3580 | 1.00 3572 | 0.10 8.53
7 32.80 | 33.80 | 1.00 33.73 | 0.04 7.65
8 38.87 | 39.88 | 1.00 39.80 | 0.07 6.83
9 39.41 | 40.41 1.00 40.34 | 0.08 6.67
10 36.80 | 37.80 | 1.00 37.73 | 0.08 6.85
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Total Total
Crucible .| Sample | weight |Sample AV
Crucible Crucible . . .
. weight |Crucible +| weight %
Weight + . %
before | Sample | after |moisture 0
Sample No. Samp|e .
() oven (g) | after oven |oven (g) moisture
(9)
(9)
1 42,31 | 4331 1.00 43.25 0.06 5.94
2 32.31 | 33.32 1.00 33.26 0.06 5.77
3 37.14 | 38.14 | 1.00 38.08 0.06 5.71
4 58.02 | 59.04 | 1.01 58.99 0.05 5.85
5 46.78 | 47.78 | 1.01 47.73 0.05 5.59
Bamboo 5.73
6 51.60 | 52.61 1.01 52.55 0.05 5.59
7 33.31 | 34.32 1.00 34.26 0.07 5.97
8 41.96 | 4296 | 1.01 42.91 0.06 5.75
9 46.78 | 47.78 | 1.01 47.73 0.05 5.69
10 36.14 | 37.14 | 1.00 37.08 0.05 541
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Total
Total .
. |Crucible | cible Sample | weight |Sample AV
Samole Crucible _ . | weight |Crucible +| weight | %
P No. | WWeight Sample| PEfore | Sample | after moisture %
) P 1 oven (g) |after oven |oven (g) moisture
(9)
(9)
1 3341 | 3441 1.00 34.36 0.06 5.72
2 42.49 | 43.49 1.00 43.43 0.06 5.51
3 4152 | 42.53 1.01 42.47 0.06 5.58
4 4458 | 45.57 0.99 45,52 0.05 5.46
Ri 5 4410 | 45.09 0.99 45,04 0.05 5.69
ice 1.
husk ™6 4362 | 4461 | 100 | 4456 | 0.05 | 558
7 43.13 | 44.13 1.00 44.08 0.05 5.56
8 42.49 | 43.49 1.00 43.43 0.06 5.51
9 43.49 | 44.49 1.00 44.43 0.07 5.61
10 4252 | 43.53 1.01 43.47 0.07 5.78




84

Total
Crucibl Total Sample | weight | Sample AV
. rucible - 0
Samole Crucible _ Cruilble weight |Crucible +| weight mofs)tur
P No, | VVeight sample | Pefore | Sample | after . %
) P oven (g) | after oven | oven (g) moisture
(9)
(9)
1 41.72 42.72 1.00 42.65 0.07 7.60
2 40.30 41.29 1.00 41.22 0.08 7.85
3 45.14 46.15 1.00 46.07 0.08 7.83
4 42.34 43.34 1.00 43.26 0.08 8.05
Ri 5 43.25 44 .25 1.00 44 17 0.08 7.97
i 7.76
Sy 4417 | 4517 | 1.00 45.09 0.08 | 7.89
7 45.08 46.08 1.00 46.00 0.08 7.81
8 45.85 46.86 1.00 46.78 0.08 7.61
9 46.97 47.97 1.00 47.90 0.08 7.50
10 48.08 49.09 1.00 49.01 0.08 7.52




1.3 VVolatile Matter
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Total
Total weight
i = | Sample 9t | sample
Crucible Crucible icpcipe) =" Crucible +| ... AV
samole _ N weight weight % VM
P Weight before | SamPle | aper | 7 0
) oven (g) | 2T*€" OVEN | oven (g)
9)
9)
1 40.29 41.31 1.01 40.47 0.84 74.90
2 41.52 42 53 1.01 41.69 0.84 75.50
3 45.15 46.15 1.00 45.33 0.82 75.85
4 32.61 33.64 1.03 32.78 0.86 73.52
5 35.04 36.07 1.02 35.21 0.86 73.99
Wood 74.82
6 37.47 38.49 1.02 37.64 0.85 74.47
7 40.29 41.31 1.01 40.47 0.84 74.90
8 43.12 4413 1.01 43.31 0.83 75.33
9 45.95 46.95 1.01 46.14 0.81 74.57
10 48.77 49,78 1.00 48.97 0.80 75.20
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Total
Crucibl Total Sample | weight | Sample
rucible :
i I : . .
Crucible Crucible weight |Crucible +| weight AV
Sample Weight + % VM
€19 before | Sample after 0
) oven (g) | after oven | oven (g)
(9)
(9)
1 35.80 | 36.81 1.00 36.00 0.81 74.52
2 4250 | 43.50 1.00 42.69 0.81 75.24
3 37.34 | 38.34 1.00 37.54 0.80 74.27
4 40.08 | 41.08 1.00 40.28 0.80 73.43
5 40.85 | 41.85 1.00 41.05 0.80 74.70
Bamboo 74.68
6 43.60 | 44.60 1.01 43.78 0.82 74.87
7 42.39 | 43.39 1.00 42.58 0.82 75.46
8 41.18 | 42.18 1.00 41.37 0.81 75.05
9 39.97 | 40.97 1.00 40.17 0.81 74.65
10 40.08 | 41.08 1.00 40.28 0.80 74.63




87

Total
Crucibl Total Sample | weight | Sample
. rucible -
Crucible Crucible weight |Crucible +| weight AV
Sample Weiaht + % VM
€19 before | Sample after 0
(9 oven (g) | after oven | oven (g)
©))
9
1 42.30 43.31 1.01 42.68 0.63 56.54
2 37.13 38.15 1.01 37.53 0.62 55.31
3 42.30 43.31 1.01 42.68 0.63 56.24
4 53.29 54.30 1.01 53.60 0.60 53.04
Ri 5 52.63 53.64 1.01 52.99 0.65 58.00
ice
husk 56.41
o 6 31.97 | 3298 | 102 | 3238 0.61 | 54.08
7 37.13 38.15 1.01 37.53 0.62 55.31
8 47.47 48.48 1.01 47.84 0.64 57.07
9 54.35 55.37 1.01 54,71 0.66 59.28
10 52.10 53.11 1.01 52.44 0.58 59.26
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Total
Crucibl Total Sample | weight | Sample
rucible :
i I . . .

Crucible Crucible weight |Crucible +| weight AV

Sample Weight + % VM
No €lg before | Sample after %V M

- Sample 0
(9) oven (g) | after oven | oven (g)
(9)
(9)

1 41.69 | 42.40 0.71 41.88 0.51 64.48

2 33.41 | 33.83 0.42 33.52 0.31 66.69

3 25.14 | 25.26 0.12 25.15 0.10 68.90

4 74.79 | 76.69 1.90 75.35 1.33 58.64

Ri 5 22.04 | 21.73 0.01 21.36 0.00 68.97
ice 65.58

straw ™6 | 3032 | 30.30 | 031 | 2073 | 021 | 68.76

7 35.41 | 35.83 0.45 35.52 0.35 68.70

8 57.24 | 57.54 1.27 55.62 0.82 58.94

9 49.96 | 50.97 1.01 50.25 0.72 65.27

10 42.69 | 44.40 0.74 44.88 0.61 66.48
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1.4 Ash
Crucibl Total Sample ngtgar:t Sample
: rucible :

Crucible Slliciole weight |Crucible +| weight AV

Sample Weiaht + % ash
No €19 before | Sample after %ash
: Sample 0as

9 oven (g) | after oven | oven (g)
)
(@)

1.00 | 32.79 | 33.80 | 1.00 32.86 0.94 6.13

2.00 | 3580 | 36.80 | 1.00 35.87 0.94 6.20

3.00 | 37.33 | 3833 | 1.00 37.40 0.93 6.75

4.00 45.37 | 46.37 1.00 45.44 0.93 7.28

5.00 30.77 | 31.77 1.00 30.83 0.94 5.74
Wood 6.36

6.00 2850 | 2951 1.00 28.56 0.95 5.43

7.00 26.24 | 27.24 1.00 26.29 0.95 5.12

8.00 23.97 | 24.97 1.00 24.02 0.95 4.81

9.00 50.24 | 51.24 1.00 50.32 0.92 7.79

10.00 | 58.67 | 59.67 1.00 58.76 0.91 8.72
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Total
Crucibl Total Sample | weight | Sample
i rucible ;

Crucible Crucible weight |Crucible +| weight AV

Sample Weiaht + % ash
No €19 before | Sample after %ash
. Sample 0aS

) oven (g) | after oven | oven (g)
(@) (
9)

1.00 | 4231 | 4331 1.00 42.36 0.96 4.62

2.00 | 3231 | 33.31 1.00 32.37 0.94 6.08

3.00 | 37.13 | 38.13 1.00 37.19 0.94 5.94

400 | 41.95 | 42.95 1.00 42.01 0.94 5.80

5.00 | 45.25 | 46.53 1.00 47.30 0.96 4.09
Bamboo 5.55

6.00 | 23.05 | 24.81 1.00 25.30 0.80 6.42

7.00 | 35.15 | 36.53 1.00 36.30 0.88 6.14

8.00 | 47.25 | 48.26 1.00 47.30 0.96 4.09

9.00 | 27.01 | 28.01 1.00 27.08 0.92 6.59

10.00 | 28.33 | 29.07 1.00 27.68 0.96 5.76
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Total
) Total Sample weight Sample
cruciblel CTUCPIe | crucible| > TP | Crucible +| V3P AV
weight weight
Sample Weiaht + Sample % ash
€19 before . after 0
No: (g) |Sample oven (g) weight oven (g) foash
(0) g after oven g
9)
1.00 33.41 34.41 1.00 33.55 0.87 13.66
2.00 42.49 43.49 1.00 42.61 0.88 12.39
3.00 41.51 42.52 1.00 41.66 0.86 14.29
4.00 40.54 41.55 1.01 40.70 0.84 15.19
Rice 5.00 42.16 43.17 1.00 42.29 0.87 13.02
13.45
husk =600 | 5470 | 5570 | 1.00 | 5480 | 090 | 11.49
7.00 30.28 31.28 1.00 30.42 0.86 14.29
8.00 53.40 54.40 1.00 53.53 0.87 13.32
9.00 42.16 43.17 1.00 42.29 0.87 13.42
10.00 30.92 31.93 1.00 31.05 0.87 13.43
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Total
) Total Sample weight Sample
cruciblel CUCIP crucible] >R | crucible | P4 TP AV
weight weight
Sample Weiaht + + Sample % ash
€19 before . after 0
No. (g) |Sample oven (g) weight oven (g) foash
Q) g after oven g
(9)
1.00 41.72 | 42.72 1.00 41.84 0.88 11.92
2.00 40.29 | 41.29 1.00 4041 0.88 12.45
3.00 45.15 | 46.15 1.00 45.28 0.87 12.96
4.00 48.00 | 49.01 1.01 48.14 0.87 12.47
Ri 5.00 30.86 | 31.85 1.19 30.96 0.89 12.41
ice 12.44
Saw 600 | 3557 | 3657 | 110 | 3569 | 0.88 | 12.43
7.00 40.29 | 41.29 1.00 4041 0.88 12.25
8.00 45.15 | 46.15 1.00 45.28 0.87 12.96
9.00 49,91 | 50.91 0.94 50.05 0.87 12.16
10.00 | 44.67 | 45.68 1.00 49.82 0.86 12.36
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1.6 Bulk density

D +1.67
Sample| No. D(g) S (g) S*H0041 oy B(g/cm®)
C)) )

1 0.45 2.12 0.78 0.82 1.30 1.63

2 0.62 2.29 0.90 0.94 1.35 1.70

3 0.60 2.27 1.15 1.19 1.08 2.10

4 0.93 2.60 1.31 1.35 1.25 2.08

5 0.95 2.62 1.29 1.43 1.29 2.03

Wood 6 0.45 2.12 0.78 0.85 1.10 1.83

7 0.62 2.29 1.60 0.94 1.30 1.85

8 0.79 2.46 1.02 1.18 1.35 1.87

9 0.96 2.51 1.14 1.18 1.42 2.10

10 0.70 2.50 0.93 1.38 1.10 1.90

AV 0.71 2.38 1.09 1.13 1.25 1.91
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D +1.67

Sample| No. D(g) © S (g) S +(§)_04 Vem® |B(g/lem®)
1 0.58 2.25 0.97 1.01 1.24 1.81
2 0.67 2.34 0.94 0.98 1.36 1.72
3 0.57 2.24 0.90 0.94 1.30 1.72
4 0.56 2.23 0.85 0.89 1.34 1.66
5 0.60 2.27 0.88 0.92 1.35 1.68
Bamboo| 6 0.64 2.31 0.91 0.95 1.36 1.70
7 0.68 2.35 0.94 0.98 1.37 1.74
8 0.56 2.20 0.87 0.95 1.25 1.64
9 0.52 2.46 0.92 0.94 1.28 1.72
10 0.59 2.02 0.89 0.90 1.30 1.76
AV 0.60 2.27 0.91 0.95 1.32 1.72

Note: initial wire weight =1.67 g

Wire weight in water = 0.04 g

V = sample volume (cm®)

D = Initial mass (g)

S = Mass in water ()
B = bulk density (g/cm®)
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2.1 Rice husk

No. C H N S O

1 34.43 4.01 0.24 0.11 61.21
2 33.42 3.00 0.23 0.12 63.23
3 36.12 3.49 0.18 0.12 60.00
4 35.21 3.39 0.21 0.15 61.02
5 36.22 4.00 0.19 0.13 59.24
6 34.51 3.82 0.18 0.13 61.33
7 34.45 4.13 0.24 0.12 61.00
8 35.27 3.82 0.23 0.13 60.55
9 36.81 3.69 0.22 0.12 59.13
10 35.02 3.71 0.20 0.10 60.89

AV 35.15% | 3.71% | 0.21% | 0.12% | 60.44%




2.2 Bamboo
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No. C H N S @)
1 45.65 4.53 0.26 0.06 48.01
2 42.10 4.21 0.23 0.05 47.23
3 46.95 3.49 0.24 0.04 49.12
4 44.92 4.56 0.21 0.06 50.12
5 45.74 4.00 0.23 0.04 49.24
6 44.88 4.67 0.28 0.07 49.87
7 44.25 4.13 0.24 0.09 47.21
8 46.53 4.20 0.23 0.07 48.21
9 47.42 4.62 0.24 0.06 47.13
10 48.20 4.75 0.20 0.10 47.26

AV 45.66% | 4.32% | 0.24% | 0.06% | 48.33%




2.3 Wood
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No. C H N S @)
1 45.65 5.53 0.17 0.06 48.01
2 43.10 5.44 0.18 0.05 51.23
3 46.95 3.46 0.21 0.04 49.82
4 44.92 6.21 0.19 0.06 48.56
5 45.21 5.12 0.17 0.04 49.44
6 44.88 4.63 0.18 0.07 49.87
7 45.28 5.24 0.18 0.09 48.21
8 44.22 4.23 0.21 0.07 50.83
9 42.26 5.26 0.19 0.08 51.93
10 46.52 4.32 0.20 0.10 48.32

AV 4493% | 494% | 0.19% | 0.07% | 49.62%




2.4 Rice straw
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No. C H N S @)
1 41.50 5.29 0.61 0.23 52.16
2 38.14 5.44 0.57 0.20 55.15
3 40.25 4.86 0.63 0.25 53.21
4 39.12 5.67 0.62 0.23 54.22
5 40.03 5.42 0.59 0.22 53.42
6 41.32 4.86 0.58 0.20 52.81
7 41.23 5.24 0.57 0.24 52.43
8 37.05 4.84 0.59 0.26 56.83
9 38.84 5.26 0.61 0.21 54.60
10 41.23 4.32 0.57 0.20 53.46

AV 39.88% | 5.12% | 0.59% | 0.22% | 53.83%




3. Ash analysis
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LAB NO. 50x 0384 | 50x 0385 | 50 x 0386 | 50 x 0387
Sample Name Bamboo | Rice straw | Rice husk | Wood
Sample Condition normal normal normal | normal
Sample Date . - ) -
Receive-Date 6/8/2007 | 6/8/2007 | 6/8/2007 | 6/8/2007
Analysed Date 10/8/04- | 10/8/04- | 10/8/04- | 10/8/04-
3/9/07 3/9/07 3/9/07 3/9/07
1. ASH COMPOSITION (%) RESULT
Fe,03 3.68 0.76 1.20 3.24
Al;O3 4.79 2.42 0.14 5.57
MgO 5.92 1.87 0.64 5.85
SiO, 44.08 72.73 88.72 43.24
CaO 23.09 5.40 3.92 23.43
K,0 12.69 12.87 2.58 12.21
Na,O 0.44 0.24 0.25 1.73
TiO; 0.28 0.01 0.07 0.29
Mn304 0.10 0.78 0.09 0.37
SO; 1.61 0.28 0.00 2.39
2. ASH FUSION TEMPERATURE (°C)
2.1 Initial Deformation Temperature 1,142 1,000 1,440 1,138
2.2 Softening Temperature 1,152 1,194 1,500 1,183
2.3 Hemispherical Temperature 1,163 1,220 >1,500 1,189
2.4 Fluid Temperature 1,178 1,268 >1,500 1,205
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3.1 ASH COMPOSITION (%)

3.1.1 Ash Composition—-Bamboo
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No. |Fe;03|Al,03| MgO | SiO; | CaO | KO [NaO | TiO; | Mn3O4 | SOs
1 3.76 | 4.89 | 6.08 |43.55|23.31| 12.75 | 0.42 | 0.24 | 0.08 | 1.60
2 3.78 | 475 | 5.76 |47.62|20.33| 11.98 | 043 | 0.25 | 0.09 | 1.69
3 3.65 | 496 | 6.24 |43.15|23.07| 13.12 | 0.42 | 0.29 | 0.09 | 1.69
4 3.55 | 475 | 548 [42.96|25.19| 1234 | 045 | 0.29 | 0.10 | 1.57
5 3.68 | 461 | 6.24 |46.90|21.01| 11.87 | 0.41 | 0.27 | 0.12 | 1.57
6 3.69 | 468 | 5.67 |44.75|22.46| 13.01 | 042 | 0.26 | 0.11 | 1.63
7 3.78 | 478 | 5,74 |44.25|22.81| 12.84 | 0.46 | 0.28 | 0.09 | 1.65
8 3.72 | 496 | 547 |43.57|23.27| 13.25 | 0.45 | 0.28 | 0.08 | 1.63
9 349 | 473 | 581 |42.15|25.34| 12.73 | 0.46 | 0.31 | 0.09 | 1.57
10 | 3.71 | 481 | 6.74 |41.85|24.15| 1298 | 0.47 | 0.29 | 0.14 | 1.54
AV | 3.68 | 479 | 592 [44.08|23.09| 12.69 | 0.44 | 0.28 | 0.10 | 1.61
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3.1.2 Ash Composition—Rice straw

No. |Fe;O3|Al,O3 | MgO | SiO, | CaO | KO |NaxO | TiO2 | Mn3O4 | SO3
1 |076 | 263 | 198 |72.26| 5.61 | 12.75 | 0.22 | 0.01 | 0.82 | 0.32
2 078|261 | 176 |7231| 533 | 13.26 | 0.23 | 0.02 | 0.79 | 0.27
3 077|206 | 186 |73.15| 5.07 | 13.12 | 0.22 | 0.01 | 0.78 | 0.32
4 076 | 265 | 1.88 |73.28| 5.19 | 12.34 | 0.25 | 0.02 | 0.78 | 0.21
5 | 068|234 | 198 |73.54| 589 | 11.67 | 0.21 | 0.01 | 0.79 | 0.25
6 |069| 252|187 |73.72|524 | 1201 | 022 | 0.01 | 0.77 | 0.31
7 (078|214 | 1.76 | 72.11| 588 | 13.44 | 0.25 | 0.02 | 0.74 | 0.24
8 078|225 | 189 |7250| 5.27 | 13.25 | 0.25 | 0.01 | 0.81 | 0.35
9 079|263 | 190 |7248| 534 | 12.84 | 0.26 | 0.01 | 0.81 | 0.30
10 (081 | 241 | 1.78 |71.95| 5.15 | 13.98 | 0.27 | 0.01 | 0.74 | 0.26
AV | 0.76 | 242 | 1.87 [72.73| 5.40 | 12.87 | 0.24 | 0.01 | 0.78 | 0.28
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3.1.3 Ash Composition — Rice husk

No. |Fe;O3|Al,O3 | MgO | SiO, | CaO | KO |NaxO | TiO2 | Mn3O4 | SO3
1 | 120 014 | 0.62 {89.16| 3.67 | 245 | 0.22 | 0.07 | 0.09 | 0.00
2 |118 | 0.13 | 0.61 |89.00| 3.87 | 246 | 0.21 | 0.07 | 0.08 | 0.00
3 |119| 011 | 0.63 |88.65| 3.98 | 2.69 | 0.22 | 0.06 | 0.09 | 0.00
4 1118 | 0.15 | 0.58 |88.85| 3.90 | 252 | 0.26 | 0.08 | 0.09 | 0.00
5 (120|015 | 0.67 |88.91| 3.87 | 241 | 0.24 | 0.07 | 0.08 | 0.00
6 (119|017 | 0.62 |88.82| 3.94 | 244 | 0.26 | 0.08 | 0.09 | 0.00
7 (115|013 | 0.58 |89.11| 3.78 | 251 | 0.21 | 0.07 | 0.09 | 0.00
8 (121 | 0.16 | 0.68 |88.60| 3.97 | 258 | 0.25 | 0.07 | 0.10 | 0.00
9 |128|0.18 | 0.68 |88.17| 401 | 284 | 0.29 | 0.08 | 0.09 | 0.00
10 (126 | 0.12 | 0.70 |87.95| 421 | 2.88 | 0.30 | 0.09 | 0.09 | 0.00

AV | 120 | 0.14 | 0.64 [88.72| 3.92 | 258 | 0.25 | 0.07 | 0.09 | 0.00




3.1.4 Ash Composition - Wood
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No. |Fe;O3|Al,O3 | MgO | SiO, | CaO | KO |NaxO | TiO2 | Mn3O4 | SO3
1 |326 | 574 | 6.08 {4255|23.60| 12.05 | 1.72 | 0.29 | 0.38 | 2.65
2 | 328|645 | 6.46 |43.1222.43| 11.50 | 1.93 | 0.30 | 0.39 | 2.46
3 |325| 526 | 5.94 |42.15(2397| 13.12 | 1.72 | 0.29 | 0.39 | 2.23
4 | 325|575 | 548 (4346|2319 | 12.28 | 1.75 | 0.30 | 0.35 | 251
5 |3.08 | 552|520 4411|2401} 11.87 | 181 | 0.29 | 0.32 | 211
6 |319| 512 | 5.67 |44.25|2256| 13.01 | 1.82 | 0.26 | 0.36 | 2.08
7 318 | 530 | 5.94 4290|2457 | 11.87 | 146 | 028 | 0.39 | 2.43
8 |[312| 558 | 547 |43.21|23.57| 1221 | 1.79 | 0.30 | 0.38 | 2.69
9 |324 525|549 (4412|2384 | 12.03 | 1.70 | 0.30 | 0.40 | 1.95
10 | 354 | 575 | 6.74 |42.50|2253| 12.20 | 1.60 | 0.29 | 0.34 | 2.83
AV | 324 | 557 | 5.85 [43.24|23.43| 12.21 | 1.73 | 0.29 | 0.37 | 2.39
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3.2 ASH FUSION TEMPERATURE (°C)

3.2.1 Bamboo
No. Initial Deformation Softening Hemispherical Fluid
Temperature Temperature Temperature | Temperature

1 1,150 1,162 1,170 1,165
2 1,121 1,143 1,181 1,187
3 1,132 1,138 1,163 1,192
4 1,138 1,141 1,148 1,168
5 1,153 1,156 1,183 1,183
6 1,126 1,141 1,156 1,176
7 1,141 1,181 1,172 1,165
8 1,120 1,140 1,136 1,160
9 1,159 1,158 1,141 1,189
10 1,180 1,160 1,180 1,195

AV 1,142 1,152 1,163 1,178




3.2.2 Rice straw
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No. Initial Deformation Softening Hemispherical Fluid
Temperature Temperature Temperature | Temperature
1 950 1,185 1,270 1,260
2 990 1,180 1,250 1,285
3 1,050 1,195 1,230 1,290
4 950 1,200 1,180 1,240
5 995 1,200 1,200 1,285
6 1,000 1,195 1,180 1,275
7 1,025 1,200 1,220 1,260
8 1,120 1,180 1,260 1,260
9 968 1,190 1,160 1,275
10 950 1,210 1,250 1,250
AV 1,000 1,194 1,220 1,268




3.2.3 Rice husk
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No. Initial Deformation Softening Hemispherical Fluid
Temperature Temperature Temperature | Temperature

1 1,550 1,550 >1,500 >1,500
2 1,450 1,500 >1,500 >1,500
3 1,400 1,500 >1,500 >1,500
4 1,410 1,400 >1,500 >1,500
5) 1,400 1,475 >1,500 >1,500
6 1,420 1,500 >1,500 >1,500
7 1,400 1,600 >1,500 >1,500
8 1,500 1,450 >1,500 >1,500
9 1,450 1,475 >1,500 >1,500
10 1,420 1,550 >1,500 >1,500

AV 1,440 1,500 >1,500 >1,500
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3.2.4 Wood
No. Initial Deformation Softening Hemispherical Fluid
Temperature Temperature Temperature | Temperature

1 1,140 1,160 1,170 1,200
2 1,125 1,200 1,150 1,250
3 1,120 1,180 1,150 1,200
4 1,130 1,250 1,250 1,150
5) 1,150 1,175 1,250 1,200
6 1,145 1,190 1,200 1,350
7 1,140 1,180 1,250 1,200
8 1,140 1,140 1,160 1,230
9 1,150 1,200 1,160 1,150
10 1,140 1,155 1,150 1,120

AV 1,138 1,183 1,189 1,205




Appendix D

Questionnaires
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Village Information

1. General information

I A E= U Lo VT ] o T R
2. Number of populations....................... Households (number).......c..cccocvvevviveeieeiene,
3. Tribal Type (if) .............. Males (number) ............ Females (number)..................
An estimation of the population growth rate over the past decade (%)...................
4 Number of population who can read / writing / speaking (%)
English......... (AN A A [, /
5. Provide an estimate of the population growth rate over the past decade.....................

6. Public Services in the village

1. Kindergartens /Childcare [0 Yes [JNo
2. Primary school O Yes UNo
3. Public Phone [1Yes “1No
4. Spots Center/Village Recreation [1Yes [1No
5. Places of Worship [l Yes [ No
6. Other (please SpecCify)........cccovviiiiiiiiiinnnns O Yes UNo
7. Public Utilities or Infrastructure in community
1. Hospital/health care center [ Yes patients (numbers)...................cc....... [INO
2. School  [1Yes: level of Education............ students (nUmMbers).................... [1No

8. Transportation
1. Road from village to Town [ Yes (please specify)......ccccoevvevveveiinnns [0 No
2. How long does it take to town (0N€ WaY)? .......cccevvviierienieerieiesiesieanens hour or minute.
3. Does it able to use the road for whole year? [Yes [INo between...... to...... (Month)

9. Enterprises/Store

1. Store [1Yes [ No (script 2.)
2. Appliances [JYes [JNo
3. If not (from 1) how far from the village to the closest store? ................. km or how long
does it take to the store.................... hour or minute. By using..............c.c..o....
10. No. of appliance’s repair store............... (Store/person)
11 .How many empty or public area for destroying used appliances proposes)................... Aere

12. Respective persons in the village

1. Village representative 0 Yes U No
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2. NGOs O Yes ' No
3. Religion Leader [1Yes 1 No
4. Others (Please SPECITY).......ocvuiiiiiieiene e
13. Top 3 of Respective persons in the community (Most — Least)
1. Please specify/ poSition..........cccccovirereriiinennene
2. Please specCify/ poSItion...........cccceovvvreieeniencniennas
3. Please specify/ poSition...........ccoeovrireieienieiinnenns
14. Communication with the government [1Yes (radio/telephone)..........ccccceevvnene. [ No

15. Does your village have economic household activities in your household?

0 Yes, speCify......ccooevviviiiiiiinnnnn, UNo
16. Population career

1. Agriculture ................ household (numbers) annual income......................... kyat
2. Merchant.................. household (numbers) annual income.......................kyat
3. Employee.................. household (numbers) daily wage..........c..cccoevvrcinrnnnnn. kyat
4. Household industry household (numbers) annual income...........ccoccooevvivneenenne. kyat
5. Others (specify) .......cocenee.e. household (numbers)

5.1,

5.2 e

5.3 s

2. Main Income of the community

2.1 Source of Financial Aids

oroject Type (Lending, funding, Frequencies and Amount of
payment in kinds............ ) money
Frequencies | Amount of money

Government
organization t

2.

3.

4.

5.
Private 1.

2.
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3.
4,
5.
International
organization -
2.
3.
4,
5.

2.2 Any possibility for the village to share the cost of grid electricity installation?

[0 No

C1Yesamount......cceeeeeeeveeennens

From any sources? .........

3. Financial Plan for Borrowing of villager

Sources, Maximum loans and Pay-back period

Lending Source

Maximum loans
(kyat)

Per month payment
(kyat)

Household debt

Official lenders

commercial banks

others (specify)

Unofficial lenders

Siblings

Neighbor

Other (specify)...............




1.
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Household Information

(One for each house)

Household General Details

cINAME OF VIHIAGET ... e
. Number of members in your hOUSENOId..............cceveiiiiiiiiiic e,
. Number of Workers in your household.............cccooe i
. Interviewer’s gender "1 Male "1 Female

. Occupation

J5.1 Farmer
[15.2 Fisherman
[15.3 Other (please SPECITY).......ir it

6. WOITKOAAYS/WEEK. .. ... e et e e et et e e e e e e e e e e eeanenaas
7. Typical time of day worker: From ..............ccccoviiiiinnnsn TO i,
8. Household income....................... Kyat (per week / month/year)
9. Average Amount of Household Savings................. Kyat (per week / month/year)
10. Household Expenditure............ccooveieiiiiieinnnnnn Kyat (per week / month /year)
1 Food
71 Water

"1 Household

1 Schooling

1 Medicine

] Other (Provide details)

11. Enterprises

11.1 ECONOMIC ACTIVITY ... e eie ce et e e et e e et e et et e e
11,2 REVENUE ..ot ee ettt et e e e e e et e ee e aenee e (Kyat/month)
11.3 Operation CoSt.......ovvueie e e e e (Kyat/month)
11.4 Location OF MarketS. .. ....oueue e et e e e e e
11.5 Is there potential for expansion?  [1Yes INo

[D12] 7 T K
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11.6 What kinds of facility that you need for business expansion (please specify and

describe your reason)

2. Present Energy Sources and Use
2.1 Diesel

1. Access to a diesel generator (Yes/ No) (If No go to next section: Gas)
2. Do you own the diesel generator (Yes/ No) (If No go to 4)

Diesel motor Size .......cccevvveveiiiiiiiiinnn.n. generator Size.............coeevvennnn

Generator age.......ooveveeveeneineanns Expected Life..........oooiivi i,
4. Amount of fuel used? (L/day).......oceveiiriir i e e e e e

FUBH COSE (KYAL/L) .. e ettt e et e et e e e e e e e e e

Number of breakdoWNS / YEaI. ........ov i e e e,

Average cost to repair (Kyat/repair)... ... .o.oceee e e e e
5. List of the details from every appliance in your home (or business) that are

powered by diesel generation (except appliances run from batteries)

Appliances | Number Power Days/ )
Time of day used

From To From To
(W) used

Consumption week (hours/




2.2 Gas
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1. Do you used gas in the household Access to a diesel generator (Yes/ No) (If No go to next

section: Kerosene)

Gas Bottle Size
(kg)

No. of Gas Bottles

Cost to Refill
(kyat)

How often refilled

(weeks)

2. Gas appliances used (included only those for household use)

Appliances | Number Power Days/ Time of day used Total
Consumption | week From From  To | (hours/
(W) used day)
2.3 Kerosene
1. Do you kerosene in your household? (Yes/ No) (If no go to next section: Candles)
Amount of Kerosene used.............ccoveevnnene. (L/month) Cost.......cvvvvvnninnnnn. (Kyat/L)
Appliances Number Description
2.4 Candles
1. Do you candle your household? (Yes/ No) (If no go to next section: Biomass)
Amountused.............ooiiinl (Candles/month) Cost............ccocvvevvennnn. (Kyat/L)
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2.5 Biomass (e.g. wood/drift wood, rice husks, dung, coconut, charcoal, etc)

1. Do you burn biomass in your household? (Yes / No) (If no go to next section: Batteries)

Amount used

(Candles/month) Cost.................

(Kyat/L)

Type

Purpose

Amount used
(kg/day)

Source

Cost (kyat/kg)

2.6 Batteries

1. Do you use car batteries? (Yes / No) (If no go to next question: disposable batteries)

Battery size (Ah)

Means of Charging
Cost of Charging (kyat/charge)
How often charged (Days)

2. Appliances used (included only those for household use)

Appliances | Number Power Days/ Time of day used Total
Consumption | week From To From  To | (hours/
(W) used day)
2.7 Do you used disposable batteries (If, no go to next section)
Size Number/month Cost (Baht/Battery) Purpose




3. Future Energy Use
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Do you intend to purchase any appliances in the future if there is grid electricity?

Appliance

Number

Expected Cost
(kyat/Appliance)

Source of Funds
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ABSTRACT

Myanmar is known for her natural diversity and abundance in agricultural and for-
estry products. Major biomass residues available include paddy husk, straw, fuel-
wood and bamboo. These renewable energy sources have great potential to be util-
ized for power generation, considering the fact that the country experiences short-
age in electricity supply, especially in rural areas. In this paper, a demonstration
project for sustainable development of biomass energy sources to fulfill energy
demand of remote villages in Myanmar is presented. A biomass gasifier, coupled
with an engine-generator system has been deployed to supply electricity to a local
community with a demand of about 100 kWh/day. An installed capacity of 50 kWe
is believed to be sufficient for current and future domestic use. The gasification and
electricity generation system, as well as line distribution and connection to house-
holds have been successfully demonstrated. The electricity cost has been estimated
to be in the range between $0.12-0.23/kWh (150-300 kyat/kWh) in comparison to
$0.60/kWh (800 kyat/kWh) from an existing diesel system.
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1 INTRODUCTION

Bioenergy is a promising strategic resource in the effort to fulfill the Kyoto
agreement to mitigate greenhouse gas emissions. Biomass production represents
about 14 % of the World’s primary energy supply. About 75 % of its usage is in
developing countries [1]. Virtually all South and Southeast Asian countries are
major biomass energy producers, as well as consumers. In countries like Myanmar,
Bangladesh, Cambodia and Laos, biomass fuels are the most significant indigenous
source of energy [2]. Most Southeast Asian countries have a fast growing economy
and are interested in the possibilities for increased use of renewables. They have
potential to implement a substantial number of biomass energy plants using agro-
industrial residues as feedstock, which are currently largely untapped. There exist
several studies reporting on biomass energy projects in Asian countries [3, 4].
Nonetheless, a notable exception is Myanmar, in which relatively little information
is known.

Myanmar is located in the eastern part of the Asian continent, bordering India,
Bangladesh, China, Laos and Thailand. The country is rich in natural and mineral
resources that provide significant economic potential. Myanmar is known for her
natural diversity and abundance in agriculture and forestry products. Major
biomass residues include fuelwood, rice husk and straw These renewable energy
resources have great potential for power generation, considering the fact that
Myanmar experiences shortage in electricity supply, especially in rural areas. The
per capita consumption of electricity in Myanmar during the year 2005 was
approximately 70 kWh [5]. The present installed generating capacity of the country
is merely about 1,200 MW of which the share of hydropower accounts for 31 %.
Most of the electrified villages are in and around major cities or along the main
national highways. While grid extension is critical to rural electrification, there are
currently no plans confirmed to undertake it. This is due mainly to large capital
investment costs. Consequently, alternative opportunities for electricity generation
in rural areas are crucially important.

An alternative to large scale sources of power production is the distributed
generation technology Direct combustion steam turbines are the most commonly
used method for generating electricity from solid fuels, but it is relatively large (in
the MW range). It is considered to be too big for rural Myanmar. Alternatively,
gasification systems are simple to build and commercially available at a relatively
small scale (in the kW range). An internal combustion engine was found to be
among the most cost-effective solutions for isolated power generation [6, 7, 8]. It is
recognized that access to energy services could bring about sustainable
development and poverty reduction among disadvantaged rural people. It is
apparent that adoption of appropriate renewable energy technology will not only
make efficient and affordable energy available to villagers, but also lead to
improvement in their standard of living. During an international renewable energy
and energy conservation cooperation project between Thailand and neighboring
countries initiated by the Department of Alternative Energy Development and
Efficiency under the Ayeyawady - Chaophraya - Mekong Economic Cooperation
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Strategy, a sustainable energy project was coordinated between Thailand and
Myanmar. A rural village in Myanmar was selected and a techno-economic study
as well as a demonstration of biomass gasification system are reported in the
present study.

2 STUDY AREA

A village called Dagoondaing in Twantay Township was chosen as the study area
based upon availability of biomass resources, electricity consumption, ease of
access and transport, as well as local support. Twantay township is situated 25 km
to the west of Yangon at latitude 160 42° and longitude 950 56°, as shown in
Figure 1. Normal forms of transport between the township and Yangon are either
by road with a distance of about 50 km, or by river. Most of the town is a green
area. Agriculture, especially rice farming and fishing are the main occupations. The
study area has about 350 households with a population of 1,500. There is surplus
supply of biomass materials for their current electricity need. In addition, the
surplus is enough for the next several years of projected electricity consumption. It
should be pointed out that the key factor added to the selection is the attitude and
cagerness of the community. Dagoondaing community has shown that they are
ready and willing to support the project in every possible ways. Their community
leaders want to make the project a successful and sustainable one.
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Figure 1: Map of Myanmar and location of the study site.

2.1 Existing Energy Scenario

A door to door survey was carried out, covering almost all households in the study
area, in order to understand the energy scene. The following data were collected:
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number of family members, house area, average monthly income, energy
consumption, appliances used, electricity requirement, etc. It was found that peak
electricity demand occurs between 1800 and 2300, when villagers are at home after
work. The majority of the demand consists of lighting.

2.2 Present Electricity Consumption

There is no national grid power available in the village of Dagoondaing. They are
electrified using either small, stand-alone diesel generators or rechargeable lead
acid batteries. Table 1 shows details of electricity used. These are the peak
requirement. It was revealed from the survey that 300 light bulbs constitute nearly
50 % of total load. Demand of the local community was estimated to be about 100
kWh/day.

Table 1: Details of Electricity Loads

Devices Number Load [kW]
Light bulbs 300 9.000

Color televisions 5 0.430

Black & white televisions 86 3.140
VCD/DVD players 63 1.535
Radio/music systems -+ 3.625

Others = 0.525

Total 462 18.255
Average/household 132 0.522

Per capita 0.012

3 AVAILABLE BIOMASS RESOURCES

From the survey, the quantity of biomass and agricultural wastes available in the
area has been estimated. Among the most suitable biomass resources available in
Dagoondaing are rice husks, rice straw, bamboo and wood. Samples of these
biomass fuels were collected and later sent for proximate and ultimate analyses,
and determination of heating value. The chemical properties and heating values of
fuels to be gasified play an important role in successful operation of a gasifier.
Analysis results are shown in table 2.

3.1 Rice Husks and Straw

Rice is by far the dominant staple food of Myanmar and the major cash crop in
terms of area planted, production capacity and income. In 2004, paddy rice
production was 24.8 million metric tons [5], accounting for more than 50 % of food
grain production. There are a large number of rice mills in the country. When
paddy rice is separated from harvested paddy, rice straw is produced. In the process
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of conversion from paddy at a rice mill, rice husk and rice bran are generated as
byproducts. The straw and husks are generally discarded, but they can be used as
fuels for generating heat or other applications such as soil cover. The quantity of
husk generated depends on the husk to paddy ratio, which was reported in the
range between 0.14-0.27 by weight [9].

3.2 Wood

Wood is the most important carrier of solar energy. It can be processed into wood
logs, wood chip and pellets. The most convenient means of wood processing is the
preparation of short logs and split logs for small volume, hand charged stoves.
Fuelwood is widely available in Myanmar. Over 23.5 million metric tons of
fuelwood were reported used for 1999 domestic consumption [2]. The majority of
fuelwood originated from forests. Any difference between fuelwood demand and
the amount forests could supply on a sustainable basis would lead to deforestation.

Table 2: Characteristics of Selected Biomass Materials

Rice husks Straw Wood Bamboo

Ultimate analysis *

C [%] 35.15 39.88 44.93 45.66
H [%] 3N 52 4.94 4.32
N [%] 0.21 0.59 0.19 0.24
S [%] 0.12 0.22 0.07 0.06
0 [%] 60.81 54.19 49.87 49.72
Proximate analysis *
Moisture [%] 5.60 7.76 7.49 573
Volatile material [%] 56.41 65.58 74.82 74.68
Fixed Carbon [%] 24.54 14.22 11.33 14.04
Ash [%] 13.45 12.44 6.36 5.55
HV [MJ/kg] 13.8 153 16.4 17.8

* wt %, as-received basis.

3.3 Bamboo

Bamboo is the common term applied to a broad group of woody grasses ranging
from 10 cm to 40 m in height. Bamboo is distributed mostly in the tropics,
comprising natural stands of native species. Myanmar is one of the nations with
significant bamboo production and utilization, mostly for fiber, food and
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construction materials. Bamboo has long been neglected or ignored, but it may
have potential as a bioenergy crop. Literature on the use of bamboo as energy
feedstock remains scarce [10].

4 ELECTRIFICATION SYTEM

A village power plant was set up, based on biomass gasification technology
coupled with an engine generator to produce electricity from renewable sources. A
system with installed capacity of 50 kW, was assembled and housed in a building
close to the center of the village. The main components are a biomass gasifier, an
engine driven generator, and distribution lines.

4.1 Biomass Gasifier

Gasification is a suitable conversion technology for the biomass residues available.
Conversion of crop residues into energy increases the value of agricultural output
and reduces the need for fossil fuel imports. The technology is a relatively
economical alternative for small scale industrial and utility power generation in
countries that are suffering from high petroleum prices. Many types of biomass
gasifiers have been developed and installed. The production of a gaseous fuel from
a solid fuel to fire internal combustion engines makes gasification very appealing.
Biomass gasification is a thermochemical conversion of a solid, such as paddy
husk, wood, straw or agricultural residues into a fuel gas known as producer gas.

Reactions involved include pyrolysis, oxidation and reduction, which produce CO,
COz, Hg and CH4

A downdraft gasifier for rice husks with cooling and cleaning equipment was used,
as shown in figure 2. Biomass is introduced from the top and is piled inside the
gasifier. The reactor wall was made of firebrick. Air is supplied by means of a
downstream suction blower or from an engine. The gasifier core was not provided
with any throat or constriction to avoid fuel flow problem. Ash formed was
removed from the gasifier continuously by an automatic, motor-driven ash removal
system. Producer gas was cleaned by passing it through a cyclone, wet scrubbers,
and a series of fine filters, prior to entering the surge tank connected to an engine
intake manifold.

4.2 Engine and Generator

Producer gas is utilized in dual fuel operation mode with a diesel engine. The
details of the engine are given in table 3. The engine used was an imported used
diesel engine which was designed for a truck. It is classified as a high speed
engine. Because of its low cost, it is used in various applications such as electricity
generation, water pumping and agricultural machinery. A simple producer gas air
mixer in the form of a T-connection was used. Air was mixed with producer gas at
a right angle, and the mixture was sucked into the engine intake manifold. The
engine was coupled to a Jewelway model JWX-50-4, 50 kW generator. Under
producer gas/diesel dual operation, an effort was made to keep the pilot amount of
diesel fuel to a minimum, while the engine power output was adjusted through the
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amount of gas inflow. To represent the percentage of diesel replacement rate by
producer gas as, r, the following expression is adopted:

Clawhier Unit

=40

.

Figure 2: Rice husk gasifier.

Table 3: Technical Data of the Engine Used

Engine : Mitsubishi 4M40
Type : Inline, 4-stroke, SOHC
Number of cylinders 14

Bore x Stroke [mm] :95x 100
Displacement 12835 ce

Compression ratio 2071

Rated power 192 kW /4000 rpm
Torque : 294 Nm /2000 rpm

on energy basis,

mHV,
Forerey = — r.‘c.vl'msk (1)
= ”?HVdi'esef +mH Vn'cr_- Isk
The overall efficiency is:
et @
mHVdic_'se.f + mHVn'ire husk
where 7, , is the diesel consumption rate (kg/s) in dual fuel operation, s, ... i8

the rice husk consumption rate (kg/s), HV is the fuel heating value (MJ/kg) and, P
is the electrical power produced from the generator (kW).
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Figure 3: Electricity distribution lines and power plant location in the vil-
lage.

4.3  Electricity Distribution Lines

The power plant is located near the centre of the village. Lamp posts and power
poles were erected with assistance from the villagers and electricity distribution
lines were connected from the power plant to households in the village under
supervision of qualified engineers and electricians. The single-phase lines were
installed along the main roads, as shown in figure 3.

5 COST ANALYSIS

An attempt has been made to estimate the unit cost of electricity obtained from rice
husk gasification and the dual fuel engine generator in $/kWh. It should be noted
that this is the operating cost for villagers running the system. It does not include
capital investment cost in setting up the mini-grid electrification system. The
amount of rice husks and diesel required to generate one kWh of electricity were
determined, which depends on the performance of the engine, as well as the
gasifier and the generator. The unit cost of electricity, UCE, can be determined
from:

m,c,+c, +¢
Ucf:E:Z 4 fPt b 3)

where m is fuel mass consumption (kg), ¢/ is fuel cost for both diesel and rice

husks ($/kg), ¢, and ¢y, are total labor and maintenance costs ($) during the speci-
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fied operation time, 7. While rice husk is available free of charge in the village, the
diesel price is $0.85/liter (1,100 kyat/liter)".

6 RESULTS AND DISCUSSION
6.1 System Operation and Performance

Several villagers with technical experience were trained to run the system for a
month. During the demonstration run, a team of engineers and technicians was in
charge with the operation under the watchful eyes of the trainees. The gasifier was
able to start within 30 min and attain steady state operation from cold start in about
two hours. With operation every evening, the gasifier normally retains some heat
from the previous day, hence, its startup time is less than 15 min, and the engine
can be connected and electricity generated shortly afterwards. Although feeding
was done intermittently, gasification seemed to operate well and in oxidation and
reduction reactions proceeded continuously. The engine was designed to operate in
either dual fuel or diesel modes. It was found to operate well in both modes. The
engine was able to run smoothly without any sign of deterioration or excessive
emissions, and no tar problem was observed. To maintain a satisfactory
gasification process, regular cleaning of gas lines and piping, as well as engine
maintenance must be undertaken.
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Figure 4: Variation of fuel consumption rate with power output.

A number of limited test runs on the system were carried out. Figure 4 shows rice
husk and diesel consumption rates for a range of electrical power produced. At
higher power output, rice husk consumption was found to increase markedly while
diesel usage rate was relatively stable between 1.8 - 2.7 kg/h. Figure 5 shows the
percentage of diesel replacement by producer gas from rice husk gasification. The

'In 2007, the average exchange rate was about US $1.0 for 1300 Myanmar kyat.
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replacement rate was above 70 % on an energy basis for all power output levels
considered. It was evident that significant saving in diesel fuel due to its
replacement by producer gas was obtained. Also shown in figure 5 is the system
efficiency in the range between 15 and 17 %.
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Figure 5: Variation of diesel replacement rate by producer gas and effi-

ciency with power outpul.

6.2  Unit Cost of Electricity

Unit cost of electricity produced from the system was calculated. It was found that
the unit cost was sensitive to the fuel cost and the connected electrical load. With
the system operation at part-load (figure 4), the diesel replacement ratio was found
to be low, leading to only marginal savings on diesel fuel cost. For operation nearly
at full load, or an output of about 25-30 kW, the calculated UCE was 150
kyat/kWh ($0.12/kWh), in comparison to 300 kyat/kWh ($0.23/kWh) at part load
operation. Tests were also performed to estimate the unit cost when only diesel was
used, and it was found that the unit cost was as high as 800 kyat/kWh (80.60/kWh).
A saving of more than 80 % in electricity cost was demonstrated. With a present
increasing tendency in diesel retail price, it will be imperative to shift generation to
renewable energy.

6.3 Preliminary Socio-economic Impact

Converting from low quality fuels to electricity is expected to generate a range of
social, environmental and economic benefits. Prior to the installation of the
biomass gasification power plant, most households in the village used kerosene
lamps or candles for lighting. After the installation, each household was provided
with a compact fluorescent lamp, and it was expected that a number of other
electrical appliances will arrive. Electrification has improved people’s quality of
life in similar ways to that reported in literature [11], resulting in getting rid of dirty
and dangerous kerosene lamps, increased ability to study and do productive
activities in the evenings, improved safety and security, etc. So far, it is not clear if
the project has a significant impact on extra income generation and economic
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activities. The only direct employment opportunity was to four technicians who
operate the power plant.

7 CONCLUSION

Myanmar has immense potential of biomass sources that can be utilized to augment
the growing demand of energy. A biomass gasification engine generator system
was successfully installed and operated in a rural village to replace a conventional
diesel power plant. The system can be run without major problems. Even through
operating the system was relatively simple, dedicated operators with good technical
backgrounds were required. The use of rice husk gasification as a bioenergy
substitute for diesel can reduce the fossil fuel consumption by more than 70 %.
There is a great opportunity to generate electricity for households and other
productive activities.

Biomass gasification technology could be suitable for rural mini-grid
electrification. Most equipment can be developed locally and biomass feedstocks
are widely available. The mini-grid electrification project was found to contribute
to upgrading the living standards of villagers in terms of quality of life, longer
study hours, safer environment, and improved productive and income-generating
activities. This distributed generation model should be promoted by the
government so that it can reach its goal of providing safe and reliable power

supply.
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