CHAPTER V

DATA & RESULTS OF AN ANALYSIS OF GASIFICATION
TECHNOLOGY INTRODUCTION TO NONGWANG VILLAGE
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4. Hypothesis 3, for rice husk gasifier introduction
in the capacity of 10, 25 and 50KW operated with gasoline

engines.

Table 5.1, presents the main parameters used in the
model for charcoal, wood, and rice husk gasification. These
are the values used in the baseline cases and are listed

from Chapter I1.
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Table 5. l Parameters used in the basellne cases for chaﬂfpﬁal wood+r1ce husk qa51f1ers

Heating Value — e Maintenance - Lubricant
Technology Capac1ty of Gas Produced Effig:ienc;y Invesbubnt Cost Time . Labor “Cost Cost -
’ (KW) (MCAL/KG) - (KWH/AMEﬂLJ-w (BTQS/KW) (YRSL (HRS/OP.HR) | (BT85/KWH) (BT85/KWH)
Gasif 1, Charcoal,{ 0.6 5.33 OM i 6 0.2000 0.7200 | - 0.2128
with Gasoline Eng € 9}"4/"0“-)( 11 9363T/HP‘ (0.2487HRS/HPH(O . 5370 BT/HPH] (0.1587}31’- )
— : : HPH
Gasif 2, Charcoal,| 2 5.33 W / 14 500 A - 0.2000 0.7200 0.2128
with Gasoline Eng vy o4 /jf (10,:5137) (0.0746) (0.5370) (0:1587)
Gasif 6/1Charcoal, 5 5.33 9.’(34 a3, 500 6 0.2000 - 0.7200 0.2128
With Diesel Enq .(o 3189) £ (10,0m) (0.0300) | (0.5370) (0.1587)
Gasif 6/2 Wood , 5 3.05 =33 ?) 6 0.2000 | 0.7200 0.2128
with Diesel Eng (o 31 < 117 4)‘() (0.0300) (0.5370) (0.1587)
Gasif 7/1Charcoal,| 10 533 0.2343[ _“‘*' 12 eiﬁ" 6 0.2000 | 0.7200 0.2128
with Diesel Eno (0.313 <49, 4253«~J'a (0.0150) (0.5370) (0.1587)
Gasif 7/2 Wood , 10 3.05 0.2342 4 _ 20,6187} 6 0.2000 0.7200 0.2128
with Diesel Eng (0.3139) "=~ 5 (15,379) 40.0150) (0.5370) (0.1587)
Gasif 3, Rice Husk,| 10 2.02 :,’32350 ' 20.615 - ~6 .2000 037200 -+ - 0.2128
with Gasoline Ena : -1042493) - (15,379) ~10.0150) (0.5370) (0.1587)
Gasif 8, Wood, 25 3.05 0.2342 16,900 8 | 0.2500 0.7200 0.1596
with Diesel Eng (0.3139) (12,607) - | ° © (0.0075) (0.5370) (0.1191)
Gasif 4, Rice Husk,| 25 2.02 0.1860, 16 /900 8| 02500 0.7200 10.1596
with Gasoline Eng (0.2493) “(12,607) (0.0075) (0.5370) (0.1191)
Gasif 9, Wood, 50 3.05 0.2342 13,965 - | 8 0.3500. 0.7200 . 0.1596
with Diesel. Eng (0:3139) (10,418) _(0.0052) . (0.5370) (0.1191)
Gasif 5, Rice Husk,| 50 2.02 794860 | 13,965 | 8 1| " b.3500 0:9200 © 0.159
with Gasoline Eng 10.2493) (10,418) : 7(0.0052)- | . (0.5370) (0.1191)

9.
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First we would let the model choose the gas1f1cat10n'
eystem acceptable by the v1llagers and_te11 ue how much

investment and variable costs the remaining sys£ems should

‘be decreased by in order to be compatible with the 'eys%em

selected. Second, a sens:tlvxty analysis of some . parameters

as shown in Table 5.2, was performed to see whether it would;

‘1nf1uence the 1ntroduction of gasif:cation. 4Tpe model would’

show the opt1mum- ope

econom:cally and alqﬂ‘hh.

y '
y rs to run the gasifier
1 &ct_ivities. to maximize

1

Table 5.2 Variatidh: ine gss i r sensitivity analysis
e F e X . :

Variable

Chercoél'bost‘ BT85/KG

¥s&
w240
88 BT85/TON
rz97 o e
415 B'I‘SS/TON
ﬂ 515 -

Wood Cost

Rice Husk Cost_l§

615
DIESEL' COST ﬂ ‘ Bujr&ﬂﬂ ﬂ j ‘ EJ f] ﬁﬁﬁmq/ufr
éré}niumj Gasoline, | '10.2 BT85/LET : BQBS/L.IT
mwwmaﬂ
Availabi ity, 2880 HPH/HP : 2000 HPH/HP

Factor
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The model simulation was performed corresponding +to
the node-link diagram in Figure 4.,1-4,12 with an assumption
of 3 percent real discount rate and was used to forecast the
development projects'impact on the community in the year

18985-19889.

©

and parts of outputs fbr

charcoal gasifier, woBdRES: ,r rice husk gasifier are
shown in the Appéndix Dy p , 169, 181 sand 182

respectively. — . 1 “Q

The computer
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RINNIUANININY
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The results obtained from the outputs of RCDM are

summarized in Tables 5.3, 5.4, 5.5 and described below

1. For charcoal gasifiers, the system which is
economically acceptable by the community in a condition of
premium—-gasoline price of !9,ZlBT/LIT, of 6.7 BT/LIT for
diesel and charcoal prices oﬁi%ia,_i.S BT/KG for Gasifier
System 7/1 operaggdv withJ di;;::f_engine. The minimum

operating hours shoizﬂﬂbe ?880 HRS/YEAR, meaning that, +the
gasifier should;#ﬂgf fullyﬁrtilized in both wet and dry

seasons. I e * priceishincreased up to 2.0

-

vs‘ : ; - .‘J
ation systems are not economically
— e—

s igod
. r F
BT/KG, all +the gacsif

acceptable by t ”L&ageégﬂand the system driven with
W

diesel engine only . For & normal charcoal price

ik fARAR o

il
id,
sfselécted.
&

of 1.3 BT/KG, Ga f:ér %yste§ﬁ7/1 is still attractive even

though the present pqéﬁas ofﬁfﬁﬁmiﬁm-gasoline are down to

8.9 BT/LIT end diesel. pricesjsre down to 6.3 BT/LIT.

Gasifier Systém 2, operated with a fgasoline engine is
Y —~ ‘d

| = el
considered to b¢ the second most fevoun&ile system, and can
be accepted if the variabTe"costs of th system are slightty

decreased.

2. For wood Qasifieré, Gasifief System 89 operated
with aydiesel enginecis the |system se{gctedﬂﬁy the model for
a premium—gaéaifne price 6? 10,2 BT/iIT and  a diesel price
of 6.7 BT/LIT. At the estimated wood price of 797 BT/TON,
(which is a shadow price based on the labor and
transportation involved) the system should be fully utilized
during 2880 HRS/YEAR to make the systen economically
acceptable. But for wood prices of 508 and 288 BT/TON, it



I le 5.3 Maximum investment .4 variable costs, and\l\)!

perating hours of

.5

Labor cost, maintenance cost and lubrlcant cost

charcoal gasifiers permlSSlble in Nonawand by RCDM. v
""" 3 B , ”ﬁ-;;: “ 4 | T
— J A..———f
- 2 Avaj Fac
¢ Factor 2880 KWH/KW : 2000 KWH/K
: - Gasoline 9.5|Gasoline 8.9|Gasoline 10.2
Capacity Oriq " piesel 6.5 |Diesel 6.3 |Diesel 6.7
’ Charcoal Pre/Charcoal Pre¢{Charcoal Prc.
1.3 3 B ] 13
Gasif 1, Goow | Max. Investment Cost (BT/KW) | 16 3684 9387
Life Time 6 Yrs. | - (BT/MWH) (236.11) (601.66) -
Gasoline Eng. Max. Variable Cost (BT/MWH) | 2,503 1,476.29 | 1,202.83
Gasif 2, 2KW Max. Investment cost (PT/KW) 14,500 14,500 14,500 14,500
Life 6 Yrs. - (BT/MWH) (929.40) (929.40) (1,338.34)
Gasoline Eng. Max . Varlable Cost (BT/MWH) 1,404 738.43 6€1.96 966.14
Gasif 6/1, 5KK |Max. Investment Cost (ET/KW) | 13,500 a1 tene i
Life 6 Yrs. (BT/MWH) (712.28) (712.28) - [(964.81)
Diesel Eng. Max . Varlable Cost (RT/MWH) 1,122.35_,_'_'-_, ) 867.65 822.75 653.85
Gasif 7/1, 10kW | Max. Tnvestment Cost (RT/KW) ¢4.:!"535 12,635, - 12, 6350412167
Life 6 Yrs. - ABT/MWH) [ e (809.80) | (B09.80) |(1123.11)
Diesel Eng. Max. Variable cost (RT/MWH) |%14027.45 725.84 | 680.27 _[512.04
‘ System Selected (based on oricyinia“_ﬁi cost) : Gésif 7/1| Gasifj 7/1 |Not :
- Min. Operatlnc Hour:/Year 2880 2880 Acceptatile 2880 2580 Acceptable
soners e oz = e ST e 2 __GC O o oSN TR ST o -
. : Isvestment cost Investment cost of ga31fler system only, not
oV ’1 a“&ﬂ‘??ﬁ%ﬂ Y1 3 m«a fipe.
Variable costq =



,Table 5.4 The Maximum Investment ¢ variable costs arx& ‘operating hours
of wood gasifiers perm1831ble 1n Ncngggang as $ by RCDM.

J}\Tl]&amhty Fa&weo KWH /KW : : Avai Fac

2000 KiH /Ky
Pri m 2 Diesel PrcheT ? Nekicyine: 9.5 (Gasoline 8.9 |Gasoline 10.2

: - | . PTAUT piesel6.5 Diesel 6.3 | -Diesel 6.7
Capacity ; e M_%!_g_e (BTB5/TON) | Wood Prc [ Wood Prc | Wood Pre
= T SO9RS : -
& : : , - POTNN, 509 509 509
;i - : i<} # &
Gasif 6/2,5KW . |Max. Investment Cost (BT/KW) W /38 ‘ »,7 399 2 8,142
Life Time 6 Yrs : : (BT/MWH ) Lo %31&29) Pl Sty S (521.85)
| Diesel Eng =~ - [Max. Varlable Cost (BT/MWH) G173 iﬁ ;%03 .58 -~ 968.19 1,029.85
: : ST
Gasif 7/2,10KW |Max. Investment Cost (BT/KW) / 9‘3f) ,;Sl , 9,405 95693 9,497
Life Time 6 Yrs | (BT/MWH ) : . 1 (66 (572.49) - (602.87)- (620.00) (876.61)
Diesel Eng -~ [Max. Varlable Cost (BT/MWH) |1,027.45 45-11;027. 1 é 61.10 .968.47 - 5 938,11 807.61
Gasif 8,25KW Max. Investment Cost (BT/KW)| 16,900 ° 13,809+ 13,666 - 13,666 13,756
Life 8 Yrs ~ (BT/MWH ) 4 (778.53) (675.23) (675.23) . | (978.77)
Diesel Eng Max. Varlable Cost (BT/MWH) 92@,:58‘ 926.68 | 905.90° 875.07 655.90
Gasif 9, 50Kw Max. Investment Cost (RT/KW) 13,gl§ . [713,965= 13,965 13,965 13,965
Life 8 yrs -(BT/MWH) = 1.(787.33) (690.03) (690.03) (993.63)
Diesel. Eng Max. Variable Cost (BT/MWH) | . 912.3%‘ 912.39" 884.23 . 853.40 628.20
System Selected (based on original cosd!)é.;la Gasif 9 Gasif 9 . Gasif 9 Gasif G
- ; in. i e F i « 2880 it - 0 2000
. Min. Operating Hours/Year ﬁnbél Y ‘,.g Eﬁfg}ﬂ e 0
MR S 50 5T R A T U Yo - N

o,

qwmﬁﬂmwﬁwmé’ﬂ

8



Table 5.5 Maximum 1nvestment + varlable costs, an Mir‘l\i)'&v// ng hours of
rice husk qaelflers permlsSJ.ble in No $uqqe CDM

;]

ﬂuEJ'}‘VIEJ‘ﬂ‘ﬁWEJ’]ﬂi
’QW’]MH?NNW]’WH’]@H

2 : : A - ' N Availability Factor 2880° KWH/ KW Agvo%b E%%/Kw
Capacity T i Oriai ’ 1 ice 10. ' Gasoline 9.5 Gasoline 8.9 RT/LIT[ Gasoline {U-2
R 7 e v Prige 6.7, Diesel 6.5| Diesel 6.3 BT/LIT| Diesel 6.7 -
15K Price (RTES/ Rice Husk f¥¢ Rice husk Price Rice Husk Pr¢
] 4155 515 139 139 615 139
Gasif 3, 10KW | Max. Investment Cost (PT/KW)| 20,6 9858 T 56 | 9,856 9,85 ~ [9,317 s
Life Time 6 Yrs | ~ (BT/MWH) 09) | 7 & ) (758.09) | (758.09) (597.17) (1,090.64)
Gasoline Eng. ',Max Variable Cost (BT/MWH) 1,027. ; 45"‘ 0 .4\ 1,027.45 [ 1,027.45.)1,027.45 [1,027.45 i
Gasif 4, 25KW Max. Investment Cost (BT/KW)| 16,900 13,8244 4 131 13,814 13,814 | 13,730 15,024 |
Life 8 Yrs., : ; (BT/MwH) . 19.06 )} (819.06) (819.06) (678.38) (1.245.88)
Gasoline Eng Max. Variable Cost (RT/MWH) 926.68 6.684 4} 926.68 926 .68 926 .68 1926 .68
e : I andnal s : -
|Gasif 5, S0kwW Max. Investment Cost (BT/KW)| ~13,965 13,965 — 13,965 - | 13,965 13,965 13,965
Life 8 yrs., . (BT/MWH ) (828 (828.01) (828.01) (690.01) (1,158.10)
Gasoline Eng Max. Variable Cost (RT/MWH) 912.39 91239 = 912.39 912.39 912.39 912,39
System Selected (based on or1glna§rm§ﬂ ECasi o Gasif 5 | Gasif 5 Gasif 5 Gasif 5~
- Min. Operatino Hours/Year L | <.900 . 1 ( ,400 2,400 ?,880 1,716
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can be economic for opersting times of only 2571 and 2524
HRS/YEAR respectively. For normal wood prices of 509 BT/TON,
if the availability factor of the system is decreased to 2000
KWH/KW, it can be accepted by decreasing the original variable
cost to about 284 BT/MWH. In the competitive condition of
premium-gasoline prices down to 9.5, 8.9 BT/LIT and diesel
prices down to 6.5, 6.3 BT/LIT, Gasifier System 9 at normal
wood prices is acceptable with ﬁihimum operating hours of

2880 HRS/YEAR with a slighﬁJdecrease in variable costs.

3. For rifefhiiek gasifiers with conditions of
gasoline pricesv_gf 10.Z~Bt{LIT and diesel prices of 6.7
BT/LIT, Gasifienféystem_Siopérﬁted with a gasoline engine is
the most approprniaste system%fér the community at rice husk
prices below 515 BT/TON;‘ THE‘&ptimum operating hours are
only about 2400 HRS/YEAR, thd%"s, the ratio of operating
hours in both wet and dry se&ﬁans is 3t2. The model shows
that importing g]utlnous pad&y'?or the rice mill using the
rice husk gas1f$e9-g&se%+ﬁe—eﬁg1ne—syatem and converting +to
glut inous r1ce, then exporting it in' excess of domestic
consumption in'ény one season, will increase income of +the
community. Aty ; one point the; ninvestment cost of +the
gasification system'due o the increased! 'capacity will be
higher than the €ain from exportsof glutinots rice. Under
#he present conditions.where premium-gasoline | and diesel
prices 'have decreased to 8.9 and 6.3 BT/LIT respectively, if
the cost of rice husk is increased up to 615 BT/TON due to
lack of 1local process residue and the rice husk must be
imported from elsewhere, the gasification system would be
economically acceptable only in the case of running at a

maximum yearly operating hours of 2880 HRS/YEAR.
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Other informations obtained from the output of RCDM

are as follows ¢

1. The dual wvalue of "X", which represents the
capacity variable, indicates +that reduced costs or the

investment cost which must be lowered to let one unit of

capacity (1HP) be intro that link. The yearly cost,

which equals the Dual , tells us the value by

which the investmes ,t.jho ~decreased per 1 HP for

not "be the model to be

the gasificatio

acceptable at t

Example

From th

The yearly _ ;_jAfﬂ asifier System 8 at wood
prices of 288 BT/TON _i}gt;;‘m_ges is 1502 BT/ 1HP

origi ,800 BT/1KW

fﬁﬂﬁp’}%’lﬂ“ﬁ?’ﬂfﬂﬂﬁ' .

—(1+a)

"IW'I AN IMAMAINENAE

Life time (in years)

-DV

a = Real discount rate = 3%

a 0.2184 for 5 years

-DV

1-(1+a)

0.1423 for 8 years
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"A" for Gasifier System 8 (Life time 8 years)
= 12,607 x 0.1423 = 1793.98 BT/HP.YEAR.

Investment cost in 5 years period (1985-1989)

= 1,793.88 = 8214,19 BT/HP
0.2184

Max. Investment cost@‘ , “A‘ to be acceptable

BT/HP

BT/HP
BT /KW
BT /MWH

BT /MWH

ponds to the dual value of
gE how much less the
elected by the model

in@hat year,

L B R o, e coms

select suit@ble gas1fication systems for spec1f1c activities

s NWW’]RW‘I“‘R’H UANINYIAY

1. In case of lighting in the community, 34.34 MWH

2. The yearlx#p‘g}u
*s (-
wEY, b floﬂnpariable, whic

variable cost ,ig}d be

has one unit f}EL (such

in 1985, we would introduce charcoal gasifiers in the
capacity of 10 KW operated with dual-fuel diesel engines,
Gasifier System 7/1, for shaft power of about 15 KHPH/SEASON
to generate electricity by amounts of 10.14 and 10.07 MWH in
the dry and wet season respectively in 1885 and a 1little

more generation for the following years (gross-efficiency of
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the ¢€generator = 0.6716 KWH/HPH). Nearly all of +the
electricity would be used for lighting for an electricity

consumption of 0.5 KWH/KWH, to replace 90% of all kerosenc lamps.

2. If the villagers would like to have more water
to increase the yield of rice and glut?%ous rice by about
€6% of the original low land QP shaft power of the order
36.6 KHPH to pump about 8920 k Io,eubic meter of water from
natural sources ..and unelevated reservoirs during the wet

season irrigation wildl be required. The 20 KW wood gasifier

operated with & :ﬁﬁJifuel d‘esel engine, Gasifier System 8,

was selected taosse “é Yhi s éqpivity and would be compared to
the pump operatg wﬁﬁh thé diesel engine.

rr: #
r W

A
id

3. The éx bﬁng mice¥m&l1 receives a local-production
of rice paddy :;d giut1nod£ paddy of 90 and 700 +tons
respectively in the Wet seasaﬁ-is the inputs when there is
irrigation, the rice--husk gastf1ef in the capacity of 50 KW

operated with.&asolxne engine, Gasif!ar:System 5, should be

introduced foﬁj ,shaft power of 118. Bﬁ\ﬁﬁHlTON of paddy by
using the mill residue and some imported from other villages
nearby as _the soturce of fuels In the dry season, paddy
should be imported and supplied to the mill by the same
amount as Tocal paddy production.. The reasen is for full
utilization «ef\the invested gasification system during the

vyear and increasing in community income. <

A1l these projects were tested with the model to
see the effects to the community income, and the outputs are

presented in the Appendix D, psge 213-281,
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Table 5.6 and Figure 5.1 indicate the incomes in
Nongwang focasted by the model Qetween 1985-1983 after
gasification systems have been introduced compared to the
original conditions in the community using gasoline and

diesel prices of 8.9 and 6.3 BT/LIT respectively.

Figure 5.2 tells’ ms the increase in wealth of
Nongwang due to introduction 6f-the technology for the five
years period 1985-1889, ./

When the diéese ﬁngine driven pump was introduced to
Nongwang for frrigation (Case 2) in 1985, the income of the
Community deareesed in the first year when compared to the
original case offnd - wateé pumping (Case 1) because of the
investment and variable cgsts of the equipment, and income
would be higher in the fql%owing years from 1986 onward
because of the iﬁcﬁéése iniﬁigld of paddy asnd the export of
excess rice and glutdnous f{ge.after the milling process.

The total 1neome in the 5 years peripd would be increased by

|

835,000 Baht,. _ ;-J

If theipump driven wmith dual-fuel diesel engine were
operated with producer gas from wood gasifiers (Case 4), the
income of Nongwang would decrease in 1985 compared to the
system | driveii With {diesell erigine  onlly “0Cese’ 2) due to the
higher inﬁestment and higher variable costs for operation
and meintenance of the gasification system. In subsequent
years such income would increase slightly because of the
cheaper cost of fuel (wood) compared to diesel for the same
heating value. The total income in the 5 years period for
this case would be no more than Case 2, but would be greater

after 1989.



Table 5.6 Incomes in Nongwana focasted by RCDM
durina the years of 1985-1989.

mt,;;l

Case Activities

Lighting - Kerosene lamps
1 |Irrigation - No water pumping for agricu

Rice mill - Diesel engine
Lighting - Kerosene lamps
52 Irrigation - Water pumping with diesel engi
Rice mill - Diesel enaine
Lighting - Self electricity generatn with G

Dual-fuel engine
3 |Irrigation - Water pumping with diesel engine

Rice mill - Diesel engine
-
Lighting -~ Kerosene lamps {l‘."}-
4 |Irrigation - Water pumping with Gasif 8. I
Rice mill - Diesel enaine - :]
Lighting - Kerosene lamps

l
!/,/égmtmd

Income (BT85 x 106)

1987 | 1988 [ 1989 JAccumulatior]
408 [11.570 |12.740 | 12.890 53.821
12.570 1 12.960| 13.030 54.656
12.570 { 12.960| 13.010 54.410
12.600 | 12.990{ 13.060 54.600
32.960 ;3%40 143'3__49 : 55.808

g ) T3 2]
AR AINTAIMANEAE
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Income (BTBBX10°6 )

N

Total Income (BTB5X10~6)
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Fig. 5.2 The increase in wealth of Nongwang due to

introduction of the technology in 1985-1989.

-gn.q.,.comp«dged:' to the original conditions.

89
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The introduction of a dual-fuel diesel engine driven
generator operated with charcoal gasifiers (Case 3) would
reduce the income of the villagers through the whole 5 years
period studied (Case 3 minus Case 2) by 246,000 Baht. The
model indicates that the cost of electricity generated is at
4.38 BT/KWH which is more expensive compared to the old
system of using kerosene lamps. The self electricity
generation 1is attractive only gor offering convenience in

lighting to the villagers., .

Finallyy the'incomeﬂof the Community would decrease
substantially in the flrﬁb year upon introducing a 50 KW
rice husk gasif}erégssoline;éngine for shaft power to the
existing mill (Cgsef5) due éoﬂthe high investment cost of
the equipment to replgcg th;ipkd diesel engine system, but
income would increase in tﬁéﬁfollowinj years due to very
much cheaper cost of rice hgégﬁobtainable from the mill
itself or imported fromithe ﬁ;ﬁghy villages, when compared
to diesel costs+’ In addition, the impon@_of g€lutinous paddy

for the mill bg_convert into glutinous rice for export in
excess of household consumption is also a positive factor in
enhancing income’ ;4n subsequent years. The total income
increase from this project [in the 5 years period, 1985-1989,
is 1,152,000 Baht (Case 5. .minus Case 2).
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