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ABSTRACT

Promoting the use of biomass energy in the community is an important strategy in
Thailand. The usage of biomass as a fuel to produce electricity is an alternative way to
promote the country energy strategy. Communities of Thailand in general, are often a
source of biomass in different ways but the disadvantages of biomass are to collect
biomass distributed in local areas. Although the potential source of biomass and
distribution in the local area are set, there are a few practices in the community-scaled
and their impact on the environment is unrevealed. The research aims to develop a
feasibility model for decentralized and community-based biomass power plant to produce
electricity in the scale of a very small power producer focusing on the logistic systems

factors, technology reflected to the unit and externality costs. Moreover, the environment



impact directly affecting members of the community will be studied as well. Fast growth
wood or biomass residues available in the local area will be in focus as renewable
sources. Feasibility model is then developed and it is simple enough to include either
Rankine steam turbine system or gasification system as a conversion technology to be
used for the power plant. The environmental impact assessment of the electrification is
also included and accomplished by the commercial software; “Sigma Pro” along which
the externality cost is also shown in accordance with the environmental damage

influenced by the system. There are two primary scenarios in this work.

Economic feasibility of very small power plant is achieved fueled by fast-growth
wood plantation surrounding the facility. The 50-kW Rankine steam system and 100-kW
gasification technology are in comparison based on the previous study carried out at
Chiang Mai University and Suranaree University of Technology. It is proposed that
woody biomass is in three-year rotation and there are three batches of plantation for the
continuity of plant operation. As the efficiency of 50-kWe steam system is as low as
7.2%, woodchips at 4.78 kg/kWh is required from 359 rai (57 ha) of plantation. At the
efficiency of 17.72%, the 100-kWe gasification system consumes less woodchips at 2.27
kg/kwh on required area of 340 rai (55 ha). Unit cost of electricity generated from steam
system and gasification system is reported as high as 5.78 baht/kWh and 4.17 baht/kWh,
respectively which is not sufficient for the project to be feasible. Environmental impact
of the both power plants is less than of the national grid. The externality cost of both
system agrees well with previous investigation at 0.57 baht/kWh for steam system and
0.436 baht/kWh of gasification system. To convert the power plant to be more profitable
without external investment, waste heat from the systems, especially from the steam
system, can be recovered and utilized to generate income. Two drying units should be
installed and used for the agriculture products as the local services earning more benefit
as the combined heat and power facility. If 27% waste heat is utilized, the steam system
will start to generate income. It is also proposed that carbon as co-product from the
gasification system is to be bound and compressed as charcoal briquette since it can

generate more revenue.
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As plantation is not quite an option for the resource of community-based power
generation, wooden residue is considered. For small community, the sources may be
scattered; therefore, the geographic information system (GIS) is integrated to evaluate the
suitable location of the power plant to minimize the energy consumption due to logistic.
Based on fast shortest path and multi-seed point theory, transport network analysis is
achieved using ArcGIS. Supported with database of woody fuel and transport routes,
wood-industry community in Chiang Mai — Lamphun area where there are 54 handicraft
factories is studied as sample case. It is potential area for establish 400 kWe gasification
power plant. Optimized location for the power plant is suggested where the average fuel
consumption cost is 39.25 Bath/ton resulting in a unit cost of electricity at 1.37 baht/kWh
as the corresponding IRR is 31.11% with a payback period of 3.21 year. This is based on
the assumption that woody residues are a contribution from the community; however, if
fuel has to be purchased, it is found out that the price should not be more 1,105 baht/ton.
While the externality cost is less than 0.19 baht/kWh which is less than what is released

from the national grid.



vii

A

YorseaInentinus mianzianudiulldvesmswan lwihsedyasu
1nmanmelateulvuesladadng malulad uay

NANTZNUADAILIAZ DY

Y A a d' =
RN UNAUIUTI Ao
Sayan AINssuenanIuRuNa (3AINTTUNGIN)
a a a d @ I @
Az sNMINSSnInentnus HPL.AT. 1T IT0A 219130N13 N IMEN

= a A aan 4 S '
f. AT. NUANYTA Lﬂﬂﬁ@ﬁﬁiﬁﬁ]u 'E]'liﬂiﬂﬂ‘].ﬁﬂ'kl'lﬁ’)u

o A

S U
AT.UIU 597 'E’]’lgl]'lif]ﬂlﬁﬂ‘]%l’lﬁ:]il
% |
UNAAYD

[ =Y 9 @ = [ A 13 I'4 (Y] A o
maauasums lsndsnurivialussauguyudonntugnimaninasnundiayvos
I ¥ a a o [~ X Y a
Uszmea'lne mslsaratludemaslunssaandaanu ldihdeindlumadenvilanduasy
4 Y] < ] = 1 o a =
gnsmaasnasuvewszna Taena llyuauvestszmalneinazinvassuiiavesduialu

' Yy v ~ A a A ' y A ' 3 ~
ETJLLUU@]’NG] GlJf’Jﬂ@fJan’J\'lclf'Jll'Jﬁﬂﬂﬂ’]ﬁﬁ')ﬂﬁ')llsb'jll'lﬁﬂﬂi$ﬂ’]ﬂ@giu‘ﬂ@\iﬂu @fﬂ\‘ihlﬁﬂgnllﬁ']ﬂll

o

v A a 2 @ ] ~ I °
Llﬁﬁd%’lll'gﬁ‘ﬂll ﬂEJﬂ'IWLLaZﬂ‘igFﬂ'l‘(’JGI,‘L!°U‘iL’Jmﬁﬂﬁﬂul!ﬁaﬂﬁﬂﬂﬂﬂuﬂﬂﬂu%i]gl,ﬂuGQIIULLUUGI,uﬂ'IiUW

o

= A 1 3‘, 9 o ] a o KX o 79
FawranNdnen a1 U 1FuNUe81993 999 i?ﬁJﬂQEJ\ﬁHﬂﬂ”li‘]JS%EJﬂﬁ‘lGHig‘U‘UﬁTiﬁLlWIﬂ

o o A a A o o &R = 1A ) = W Ay
mJﬂﬁi]ﬂﬂﬁ!ﬁb”é)tWﬁﬂ“b”JﬂJ’mGluizﬂﬂ‘ym%uﬁaﬂﬂ‘ﬂuﬂ1uﬂﬂﬂNaﬂigﬂﬂﬁﬂﬁ\mfma@w}mmhlllllw

U

o

1 a o av Y s A o Jd v 4 a
ANM1061995999 MUITeTTAgUsaefiNo WA INDUTIA0 VB IgUINGINIUTINIaINDNER
[ 9 @ o w a o 1 Y a < ] Y a =
wasu Irlihluszdugusu Tasidimsnaadaogludszanduansiodn Tassganiunansania
@ Aa A o [
adensduszuuladadandaaonauma luTad lagazfouluglvesdununanuuazdunu

fanadon saudIwanIzNUA AINAdoUsUILTiHG TaoassAeaFn lugnyy uuusIanIves



viii

audndsnuiunagnianienaanasau Iihigusuiuiivea s ih Tael s 1 Ta 52714

A 9}4‘4 9 A I dy a a 1 1 gjdy a @ [
nnmsignuseas linleglutestwiudomaslaslufaainisvedlfiFemacainan

U

4 a Y J ' o I3 o
iesnndusnnnausy lasuralse Terian s lddsunn vuusiassausosessy
=) a 9y v Y v o W ¥ Y o w 2] a Y
mﬂTuTastswa45111‘1/1v\lmwizuumwumaﬂaumazszuuwumamﬂﬁ MyUsZNUNaNIAIUY
2 o ) o a '
danadeuvosnasa T laeldTusunsuduiegi simaPro wazezgnimaulsziliuyan
Yy A Y
NNATUFIULIANDY

o J o 29 Y A ~ = Y v o w ¥
ppuSasavesguandsgnilszgndldmenSeuiouma TuTadss vunaiumas e

Yoo w 0w S A9 o w 9 1 a Yy Y
sazszuudumawnaFuMINz dmsugusuvnadniaoansmaa lnih ludu 100kwTag1d 14
3 Ayw a A = = o
Tagan ldmamnzilgnuesansnlugusu jlunumsilgnimiluuuuwyudeulasiisoumsda
H ] 9 a < o 14 o ]

Wumeluszeznm 3 Ynmadeg ldnanaaved i Tagszum 87.5 duneniaei (14 du/ls)
Y 9 z; { 1T A [ 1 9 { a g’;
Taglimanuieumniszana 12.5 wnzgasenlansy wanisanuignuunlselrlihignaaas

A v W Ul %l ~ a v IR 1 Y a A 9 Y
L‘I/]ﬂI‘LlIﬁEJﬂ\?WL! DUINUVUIA 50 ﬂimmm Fagawalilsedansninvesssuusovas 7.2 9193NTT

¥
A

v Y H H 9
wuilumsignldTadaialasamsdssuna 57 enmed (359 19) Tuvaziilsdlvihiigndads

v a d a d A a v IR A a A 9 v
ﬂjﬂlﬂﬂiuiﬁﬂllﬂﬁ"]j!’ﬂ%uwmu']ﬂ 100 ﬂIa'J@W]c]NlIﬂigﬁ‘ﬂ‘ﬁﬂwwmﬂ\iﬁgﬂﬂ5@8@13 17.72 @934N19

k4 v
A A

9
wuilumsdgnldladmalnsamssuau 55 enmef 340 19)

a J v v 4 v [ % ? A A

mi:]mmzwﬁjunumammﬂimmmﬁmizngﬂwum swumwu"laumﬁ'unumqq
1 @ Ay < o~ a 1 1 a 1

nndunuliihszuuunagiingu uansgesszuunaa llihed1uden lumannuduarluainu
1 < Y =} 9 1 =< A Y Y 1 [ a
@EJ'NVl‘ifW]'liJ ‘i$‘]J‘]JfN‘Vi‘LlU]J@ﬂ$3Jﬂ’)'liJﬁ]Mﬂ'lﬂ'liﬁ\WJuﬂﬁ'é)LiJ'stl"]N'l‘LlLlflJUﬂﬂ?ﬂiﬁ]ﬂi’)ﬂﬂﬂﬂ'ﬁﬂﬁ@]

9 A o y & Y a o o v ] L ) o w
]1‘1/‘]W?LW@H”IFI’J”I‘JJ?@‘IWN?JT@UL!WQWﬁ@]ﬂm“ﬂ“ﬂﬁﬂTuﬂTilﬂHﬁiTﬂﬂﬂ?TNiﬂuﬂﬁﬂzﬁﬂQQﬂHTﬂﬁﬂﬂﬂ
Yy 19 g 3 2 oA o @ an & a Yy 1 <
ﬂlﬁlff)f]”lﬁuﬂf]i@ﬂﬁg 27 511?)\1“1’01!1‘1/1\1?7“?1 LGBL!LﬂEJ'Jﬂ‘L!'ig‘UU!Lﬂﬁ“]ﬁ"lLﬂ%’u%mJﬂ’NllﬂiJﬂWﬂ”liﬁﬁnL!ﬂ

aowlosrue lWihsudunaamusaunsnnraasavinaseld s1eldvealseldiheziunin

2 ° 1 3 9y
ﬂluﬁTﬂﬂTWU]ﬂﬂﬂﬂllaSiﬂﬂlﬂﬂllﬂj@]lﬁjﬁjuﬂjﬂ

[ 1 1

9
a @ a @ [~
mslszluininitiaaenuae Tiihue s lWihgurunigeounaTuladuaasl iy
o ¥ VA Yy ' v A 9 9 '
HansznuanIsa Iihmsaeuisdinniosniimansznuaeduadonain i lussunaeds

< @ an o J v A { v A
GU’E]\‘1ﬂi&mﬁ%\ﬁ$ﬂﬂllﬂcﬁ%7\hﬂ%’uﬁﬂWaﬂi%ﬂﬂﬁ@ﬁdl!’)ﬂé}ﬂhﬁﬂﬂﬁQQ %1ﬂNﬂﬂi$1/]‘]Jﬁ’E)ﬁ\uL’Jﬂﬁ’f]3J



2 ) 2 a9

1 (%] U -7 g
voalsa Wi naasaunasaoandosnutudunuaanadonTasTsalvilimaiu lowudu

Q

A { a v 7 O x J 2 W any v {
faadend 0.57 1/n Tadad-52 Tue Faunnnauguawnedenveslse liihunadlindun

a v J v
0.436 VIN/N 1aIaA-37 T4

° S W S ) A S A a
HUUTIADBIgUINGIUYNsEgna 19N UsT DUms dumAN g imaaiiedszidium

)

a oA Y [ a o 1 A ] = Y

NWNA ']LL‘HH\?“VILWNW%’G’?J‘U@QINulfl/‘l‘V‘hIﬂfJfJ'1ﬁﬂﬂﬁ’uﬂ31$W1ﬂiﬁﬂﬂﬂ‘ﬂ?ﬂﬂﬁﬂ‘]J\i‘U’E]ﬂE]\Hﬁ'l!“VIN
1 a o dy Y o o a Jd Y 1 [ .

NITUYUAI U fJ‘Llhl@] GJJ‘L!HL“LI“]J%1E1'ENW1Qﬂmﬁﬁ1ﬁﬁiﬂﬁﬁliﬂiuﬂih ArcGIS 334N Microsoft

. . A k) A ’q Y =
Visual Basic 6.0 Lwammummmmzﬁﬂﬂﬂmsﬂﬁzqﬂm‘lwqyg Fast shortest path Theory and

k4
A 9 A a

. . o a o 1A 9
multi seed point Theory Lﬂm"V]ﬂ'liWi]15ﬂ!'W]'IH.Wu\iﬁH’T1]']3?{“6U9\3ququWﬂ@ﬁuﬂuvﬁalwaqmaq

q

19 A

Bldy A Aa A o [ 1 70 Y v A KR
M357u5w IiFemasiliafosiiga tuuiiaesainangnilszgna lsnunsalanyIAoguwY
) ~ [ ) =1 a R A Yo 1 I
Waonssudeslud-driyunielusal 30 AlamasdadIssnugaavinssyldswau 54 udailu
" o A ¥ a 4 a v ) Aan <
unasnuiaromainad 915 lwihauia 400 Alatad Tagldimaluladunasiasu nan1sanyl
9y [ v v [ v
AN AunuvesFomaunensvuds iz ani 39.25 vsu Fedawaldaunuluihn
a v J @ 9 [ 9 v A A
1.37 1/n ladad-11 s Areoaswaneunnumeludesas 31.11 oullszeznainununielu
= ] < Y dy a 1 9 A a @
3211 ednalsnmudunuremaslumsyudsldgnuaasluglvesunui waninmsdsziiuig
v Aa Y, vy 2 Y A a v & = g '
1n33Inveslsedihgnwundunudawnadeuniian 0.19 vmmTatad-52Tue Fadeeni

Wfﬂﬂiﬁ’lﬂ@i@a\‘lll’lﬂﬁyﬂuﬂiﬂizﬂﬂﬁWﬂdﬁﬂl@Qﬂigmﬂ



