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Thesis Title Application of Geographic Information Systems and Linear
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ABSTRACT

From a policy promote use of biomass-based power generation. Cause biomass power plant
caused a lot Suphanburi province possess rice production in this province is the largest in Thailand.
That is there are large amount of rice husk. Render a biomass power plant using rice husk of fuel
occure several power plant. With total capacity amount 66.3 MW. Although the amount of rice husk in
Suphanburi province but it is not enough. Render rice husk expesive and outside the area to buy
rice husk at a distance far from the location of the power plant. Render the costs of electricity rises
and still begin the problem for consumer. The result from surveying by using questionnaires and face to
face interview found that there are many ways for using rice husk namely: use as fuel for generating
electricity, brick making, charcoal making, use as raw material for brick making, use as fuel in
sugarcane company, use as floor litter in animal farm, use as fertilizer in agricultural field and use in
rice mill plant.

This thesis present Application of geographic information system and a Linear programming
model for finding the optimal location of biomass power plant installation : A case study in Suphanburi
province. The objective function of this model is to minimize transportation costs. In this model, two
scenarios namely : Scenario I: current use of rice husk, Scenario II: combinational use of biomass.

The simulation results show that combinational use of biomass lead to the effectively use of
biomass. In addition, the simulation results show that combinational use of biomass (scenario II); the

total transportation cost of biomass is lower than scenario 1.

Keywords : Mathematical model Biomass Biomass power plant
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Process energy required:
Paddy milling and drying: 30-60 kWh/tonne paddy

650-700 kg
White rice

1 tonne of

Waste:
220 kg Husks ~ 90-125 kWh
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Process energy required:
25-30 kWhftonne of sugarcane
0.4 tonne of steam

1 tonne of

100 - 121 kg
sugarcane

sugar

Waste:
290 kg Bagasse ~ 100 kWh
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Process energy required:
20-25 kWhit
0.73 tonne of steam

1 tonne of fresh
fruit bunches

140 - 200 kg
palm oil

Waste:

L 600-700 kg POME ~ 20 m?biogas
190 kg fibers + shells
230 kg empty }-— 120 kWh

fruit bunches
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Energy Required:
Sawmill: 35 - 45 kWh/m?>

1 m? of Debarked
Wood Log

0.5 m?® Sawn Wood

— [

Waste:
0.5 m? Wood Residues = ~ 80 kWh
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Parameter input
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FC (ton/year/MW)
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\4
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BGSP2SG
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RHSP2BR,RHSP2CH,RHSP2PP,RHSP2RM,RHSP2AGF,RHSP2AF,RHSP2SG

WDSP2BR,WDSP2CH,WDSP2PP,WDSP2RM,WDSP2SG

A 4

Equation Constraint for supply

Shipment quantities of biomass to consumption sector

Equation Constraint for demand

<Totalamount ofbiomass

Quantities ofbiomass for consumption sector = Demand of biomass for consumption sector

9
%
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Objective function

Combination use of biomass with least biomass-transportation cost

\ 4

GAMS SOLVE
MODEL : TTCOST /ALL/
SOLVE : TTLCOST Using linear Programming

Minimizing cost

)

RESULTS

Shipment quantities of biomass to
consumption sector

total transportation cost

END
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3.3 aUMINAUAFITATVB IV (Mathematical equations of the model)
o a 4 a 4 o v a
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3.3.1 ﬁﬁﬁ"ﬁjuﬁlﬁqﬂﬁzﬁﬂﬁ’(Objective function)

Minimize Transportation Cost = ETCSP2CSi it BMSP2; j (3.1
i,]

Tagf BMSP2 . fio iimmvesdnuiafvudinnuvassivia lUsadldsuaa

TCSP2CS, ; Ao AUUAIFIUIA (Baht/Ton)

i = SPSubDistrict K¥AUBIAIVANVUNAIXINI

i = DMSubDistrict I5AY0IRIIAVOIR 1939070
ANUUE (Transportation Cost )

TCSP2CS i = Dl,J *Cts (3.2)

Tagn Cts A9 AMUUAIUIN @10 AU @D 1 1AUAT

A ' = =2 P a
Di jﬂ’ﬂ TTUSNNITHINUNITINIA mpﬁwama (ﬂIaLllﬁi)
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332 aumiteiing (constraint Equation)

1) Tod1nad 115 UFINIA (Supply of biomass constraint)

2BMSP2DM; ;< SPBM; (3.3)

Tag BMSP2DM : a9 1Sunaduranzaslinu 195190
i,] A

= = d‘d 1

SPBM; Ao Ysunadiuianiie

u

Y o @ o [ 9 . . .
2) UDANINATINT mjfl%%’;ma (Demand of biomass consumption constraint)

2BMDMCS; i = DMCS; (3.4)

lagi BMDMCS,; ; fio Psanaduadmsud195m0a

DMCS.,,, A0 Snadiusandlddiuiadons

A =
BM D BINIA
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Msziia 20 4997 2388 | aounAd 548 4297 3448
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(Au/Iu) X y
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RH : Rice husk , RS : Rice straw , BG : Bagasse , CC : Corn cob

CAST : Cassava stalk, CARZ : Cassava rhizome , WD : Wood residue
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$Title BMUselnSupahnburi Model

Sontext

*

Suphanburi biomass use Model
Objective: minimize Transportation cost
Optimization: linear programming
Utilities: GAMSCHK, GDX

Solver: CPLEX

Scenario II

*

Sofftext

Sets AgriProduct AGRICULTURAL PRODUCT (ton)/
Cassava,

Corn,

Rice,

Sugarcane,
WoodResidue

/

Sets BM BIOMASS/
Bagasse,
CassavaStalk,
CassavaRhizome,
CornCob,

RiceHusk,
RiceStraw,
WoodResidue

/

Set CS CONSUMPTION SECTOR/
BrickMaking,
CharcoalMaking,
PowerPlant,
RiceMill,
SugarcaneComp,

AgriField,
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AnimalFarm

/5

Sets SPSubDistrict SUPPLY IN EACH SUB-DISTRICT (TAMBOL) IN SUPHANBURI PROVINCE/
SPThaPiLiang,
SPRuaYai,
SPThapTiLek,
SPDonKamYan,
SPBangKung,
SPPhiHanDaeng,
SPThaRaHat,
SPPhaiKhwang,
SPKhokKhoThao,
SPDonTan,
SPDonMaSang,
SPDonPhoThong,
SPBanPho,
SPSaKaeo,
SPTalingChan,
SPSalaKhao,
SPSaunTaeng,
SPSanamChai,
SPPhoPraYa,
SPSanamKli,
SPYangNon,
SPPaSaKae,
SPWangSiRat,
SPHuaNa,
SPKhaoPra,
SPDoemBang,
SPNangBuat,
SPKhaoDin,
SPPakNam,
SPThungKhli,
SPKhokChang,
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SPHuaKhao,
SPBoKru,
SPNongKraThum,
SPNongMaKhaMong,
SPDanChang,
SPHuaiKhaMin,
SPOngPhra,
SPWangKhan,
SPNiKhomKTraSieo,
SPWangYao,
SPBanLaem,
SPKhokKhram,
SPBangPaMa,
SPTaKha,
SPBangYai,
SPKritSaNa,
SPSalLi,
SPPhaiKongDin,
SPOngKhaRuk,
SPChoraKheYai,
SPMaKhamLom,
SPWangNamYen,
SPWatBot,
SPWatDao,
SPWangWa,
SPBangNgam,
SPSriPraChan,
SPBanKrang,
SPMotDaeng,
SPDonPru,
SPPlaiNa,
SPWangNamSap,
SPWangYang,

SPDonCheDi,
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SPNongSaRai,
SPRaiRot,
SPSraKraChom,
SPThaleBok,
SPSongPhiNong,
SPNernPhraPhrang,
SPThungKhok,
SPBangTaKhian,
SPBanglen,
SPBangTaThen,
SPBanKum,
SPHuaPho,
SPBangPhap,
SPBanChang,
SPTonTan,
SPSriSamRan,
SPNongBo,
SPBoSuphan,
SPDonMaNao,
SPYanYao,
SPWangLuk,
SPSamChuk,
SPNongPhakNak,
SPBanSra,
SPNongSaDao,
SPKraSieo,
SPKraChan,
SPCheDi,
SPUThong,
SPSraYaiSom,
SPChoraKheSamphan,
SPBanDon,
SPYungThalLai,

SPDonMaKlua,
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SPNongOng,
SPDonKha,
SPPhapPhaChai,
SPBanKong,
SPSraPhangLan,
SPNongYaSai,
SPNongRatchaWat,
SPNongPho,
SPChaengNgam,
SPNongKham,
SPThapLuang

/s

Sets DMSubDistrict DEMAND IN EACH SUB-DISTRICT (TAMBOL) IN SUPHANBURI PROVINCE/
DMThaPiLiang,
DMRuaYai,
DMThapTilLek,
DMDonKamYan,
DMBangKung,
DMPhiHanDaeng,
DMThaRaHat,
DMPhaiKhwang,
DMKhokKhoThao,
DMDonTan,
DMDonMaSang,
DMDonPhoThong,
DMBanPho,
DMSaKaeo,
DMTalingChan,
DMSalaKhao,
DMSaunTaeng,
DMSanamChai,
DMPhoPraYa,
DMSanamKli,

DMYangNon,
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DMPaSaKae,
DMWangSiRat,
DMHuaNa,
DMKhaoPra,
DMDoemBang,
DMNangBuat,
DMKhaoDin,
DMPakNam,
DMThungKhli,
DMKhokChang,
DMHuaKhao,
DMBoKTru,
DMNongKraThum,
DMNongMaKhaMong,
DMDanChang,
DMHuaiKhaMin,
DMOngPhra,
DMWangKhan,
DMNiKhomKTraSieo,
DMWangYao,
DMBanLaem,
DMKhokKhram,
DMBangPaMa,
DMTaKha,
DMBangYai,
DMKTritSaNa,
DMSalLi,
DMPhaiKongDin,
DMOngKhaRuk,
DMChoraKheYai,
DMMaKhamLom,
DMWangNamYen,
DMWatBot,

DMWatDao,
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DMWangWa,
DMBangNgam,
DMSriPraChan,
DMBanKrang,
DMMotDaeng,
DMDonPru,
DMPlaiNa,
DMWangNamSap,
DMWangYang,
DMDonCheDi,
DMNongSaRai,
DMRaiRot,
DMSraKraChom,
DMThaleBok,
DMSongPhiNong,
DMNemPhraPhrang,
DMThungKhok,
DMBangTaKhian,
DMBanglen,
DMBangTaThen,
DMBanKum,
DMHuaPho,
DMBangPhap,
DMBanChang,
DMTonTan,
DMSriSamRan,
DMNongBo,
DMBoSuphan,
DMDonMaNao,
DMYanYao,
DMWangLuk,
DMSamChuk,
DMNongPhakNak,

DMBanSra,

155



DMNongSaDao,

DMKTraSieo,

DMKTraChan,

DMCheDi,

DMUThong,

DMSraYaiSom,

DMChoraKheSamphan,

DMBanDon,

DMYungThaLai,

DMDonMaKlua,

DMNongOng,

DMDonKha,

DMPhapPhaChai,

DMBanKong,

DMSraPhangLan,

DMNongYaSai,

DMNongRatchaWat,

DMNongPho,

DMChaengNgam,

DMNongKham,

DMThapLuang

/s

Scalar Cts freight in baht per ton per km /2.5502/

Scalar WorkDay Working day /300/

Scalar Factor /0.8/

otk ok ot ook kR sk kR kR R ok s kR R sk s kR s kR ks R Rk
* PARAMETER AND TABLE %

she she she sfe she sk sfe sfe she st sfe sk sfe sk sk ke e sie sk she she she she sk she st she she she sk sfe st sk sk sie s sk sk sie she sk she she she she sk she sk she sk sk sk sk sk sk sk sk sk s ske sk she sk she ske sk she st skeoske stk skeokokok skoksk
she sfe she sfe she she sfe sfe she sfe st sk sfe sk sk ke e ske sk she she she she sk sfe she st sfe she st sfe sk st sk sk sie e ske sie she sk she she sfe she sk she sk sk sk skeoskokoskoskoskoskskosk
* A. SUPPLY AND LOCATION OF BIOMASS *

otk ok ok ook kb R sk kR ok R kR ok ko Sk
otk bk ok ook kR R sk ok o

* A.1. RICE MILL DETAIL

sk sk s sk sk e sk sk sk sk sk ksl sk stk sk kol sk skokoskoskokosk skokok sk

156



Parameter RMCAPACITY (SPSubDistrict) /

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Supply\RMCapacity.csv
$offdelim

/s

sfe she she sfe she sk sfe sk sk sk sk sk skesk skt kst sk sk stk skokoskeskeokokoskok

* A.2. RICE PRODUCTION

otk kb ok sk ok s b R ko

Parameter RICEPROD (SPSubDistrict)/

$ondelim

$include D:\Biomass PP\ParameterAndTable\Supply\RiceProduction.csv
$offdelim

/s

* *

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skokoskoskoskoskoskokoskoskoksk

* A.3. SUGAR COMPANY DETAIL

she sk sk sfe she sk st sk sk sk skeosk stk skt skoskostkokoskokokokokoekokoskoskoesk

Parameter SGCAPACITY (SPSubDistrict)/

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Supply\SGProduction.csv
$offdelim

/s

* *

sk sk sk sk sk sk Rtk stk okl sksk kR R Rk Rk ok ok

* A.4. CASSAVA DETAIL

otk kb ok ook kR sk R

Parameter CASSAVAPROD (SPSubDistrict)/

$ondelim

$include D:\Biomass PP\ParameterAndTable\Supply\CassavaProduction.csv
$offdelim

/

* *

sk sk sk sk sfe sk sk sk sk sk sk sk ke sk stk sk stk sk skokoskoskokok skokok sk

* A.5. CORN DETAIL
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sk sk sk sk sk sk sk sk sk sk sk sk sk skl sk ko sk skokoskoskokoskskokosk sk

Parameter CORNPROD (SPSubDistrict)/

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Supply\CornProduction.csv
$offdelim

/s

* *

she sk sk sfe sk sk sfe sk sk ste sk st stk sk skt sk skoskoskoskoskoskoskoskoskoskok

* A.6. WOOD DETAIL

she sk she sfe she sk sfe sk sk sk sk sk stk kot skoskoskoskoskokokokokokokokokok

Parameter WOODPROD (SPSubDistrict)/

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Supply\WoodProduction.csv
$offdelim

/s

* *

sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeske sk sk sk skt sk sk skoskoskok sk skosk skok st sk kol skoskok sk skokosk sk skokoskokoskoskokoskoskokokskok

* B. DEMAND AND LOCATION OF UTILIZATION SECTOR *

s st s sk s ok ot sk otk sk ot sk sk s ok st sk ot sk sk o sk sk sk sk o sk st sk stk sk sk sk ok s sk ot sk ok skstosk stk sk sk ok sk sk sk ok ook

sk sk sk sk stk sk sk sk sk stk sk sk skoskoskokok skoskokoskoskorskokok sk

* B.1. BRICK PRODUCER DETAIL

sk sk sk sk sk sk sk sk sk stk sk sk skl sk kok skoskolkoskoskokskokok sk

Table BRDEMANDBM(DMSubDistrict, BM) BIOMASS DEMAND FOR BRICK PRODUCER
$ondelim

$include D:\Biomass_PP\ParameterAndTable\Demand\BRDEMANDBM.csv

$offdelim

* *

sk sk s sk sk ok sk sk sk sk sk sk sk stk sk stk sk skok skoskokoskskokok

* B.2. CHARCOAL MAKING DETAIL

ok ok sk sk sk sk sk sk skeoske stk skok skokoskok skoskoskoskocko sk skokokok ok

Table CHDEMANDBM(DMSubDistrict,BM) BIOMASS DEMAND FOR CHARCOAL MAKING
Sondelim

$include D:\Biomass_PP\ParameterAndTable\Demand\CHDEMANDBM.csv
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$offdelim

%k %

sfe she sk sfe sk sfe sfe sk sk ste sk st ste sk sk sk sk sk ske sk sk sk sk sk sk sk sk sk sk skt stokoskokokokoskokok

* B.3. BIOMASS DEMAND POWER PLANT DETAIL

sfe she she sfe she she sfe sk she sk sk sk sk sk skeosie s sk st she sk sk ske sk sfe st sk sk st sk stk seskeskeskeoskeokoskokosk

TABLE PPDEMANDBM(DMSubDistrict, BM) BIOMASS DEMAND FOR POWER PLANT
$ondelim

$include D:\Biomass_PP\ParameterAndTable\Demand\PPDEMANDBM.csv

$offdelim

* *

sk sk sk sk sk sk sk sk sk sk sk sk sk sk stk sk stk sk stk stk skokosk skokokoskokokskoskok sk

* B.4. BIOMASS DEMAND FOR RICE MILL

sfe sfe she sfe sfe sk she sk sk sk sk sk sk skt s sk sk sk sk sk skeoskeosleoste sk sk skokoskokoskokoskokok

Table RMDEMANDBM(DMSubDistrict,BM) BIOMASS DEMAND FOR POWER PLANT
$ondelim

$include D:\Biomass_PP\ParameterAndTable\Demand\RMDEMANDBM.csv

$offdelim

* *

sk sk s sk sk sk sk sk sk sk sk sk sk sk skeske sk sk sk skt sk sk sk sk sk sk skosk stk sk kool skokoskoskokoskoskok sk skokok

* B.5. BIOMASS DEMAND FOR AGRICULTURAL FIELD

s st s sk s ok st sk ok ok skt sk sk sk sk st sk ok sk skt sk sk sk skt sk stk skt sk stk ok ok ok ko skafok sk okok

Table AGFDEMANDBM(DMSubDistrict, BM) BIOMASS DEMAND FOR AGRICULTURAL FIELD
$ondelim

$include D:\Biomass_PP\ParameterAndTable\Demand\AGFDEMANDBM.csv

$offdelim

£ %

2 sk sk sk sk sk s sk sk sk sk sk stk skeosk skesk sk sk sk sk sk sk sk sk sk sk sk sk sk sk stk stk skok skokokokoskokoskoskokskoskosk

* B.6. BIOMASS DEMAND FOR FOR ANIMAL FARM DETAIL

3k sk sk sk s ok sk sk sk sk sk sk sk sk stk sk sk sk sk skesk sk sk ksl sk sk sk stk sk sk ksl skl sk sk kol skokok skokokskok

Table AFDEMANDBM(DMSubDistrict, BM) BIOMASS DEMAND FOR FLOOR LITTER
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$ondelim
$include D:\Biomass PP\ParameterAndTable\Demand\AGFDEMANDBM.csv
$offdelim

* %

3k sk sk sk sk sk sk sk sk sk sk sk sk sk skeske sk sk sk sk sk sk sk ks sk kol sk kol skokokskokokosk koksk sk

* B.6. BIOMASS DEMAND SUGARCANE COMPANY
kR R R R

Table SGDEMANDBM(DMSubDistrict,BM) BIOMASS DEMAND FOR SUGARCANE COMPANY
$ondelim

$include D:\Biomass PP\ParameterAndTable\Demand\SGDEMANDBM.csv

$offdelim

* *

3k sk sk sk sk sk sk sk sk sk sk sk sk skoske sk skl sk skt sk sk skoskoskokoskosk skl sk kot sk kol sk sk skoskoskok sk sk sk sk skok sk ko skokoskokskok
* C. DISTANCE FROM SUPPLY SITE TO DEMAND SITE (km) ~ *
sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeske sk sk sk skt sk sk skoskoskok sk skosk skok st sk kol skoskok sk skokosk sk skokoskokoskoskokoskoskokokskok
s sk st s sk sk s s sk sk st o s s st o s s sk ok s sk sk ok s sk ko

* C.1. CASSAVA

sk sk sk sk stk sk sk sk sk stk sk sk skokoskokok skoskokoskoskorskokok sk

sk sk sk sfe sk sk sk sk sk sk sk sk sk sk skl sk sk sk skok sl sk sk sk sk sk sk kol skokoskoskokok skokokskk

* C.1.1. CASSAVA TO BRICK PRODUCER

s sk st s sk sk st s s sk st s s s s s s s s o s s sk s s sk sk s s sk sk skok stk skok ok skok

TABLE CAF2BR(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\CAF2DemandSite\CAF2BR.csv
$offdelim

3k sk sk sk sk ok sk sk sk sk s sk ke sk stk sk sk sk sk sk sk sk sk sk sk sk sk sk stk skokokoskoskokoskoskokok sk

* C.1.2. CASSAVA TO CHARCOAL MAKING

otk kbR ks b s kR sk kR sk ko

TABLE CAF2CH(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\CAF2DemandSite\CAF2CH.csv

$offdelim
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3k sk s sk sk sk sk sk sk sk sk sk sk sk skeske s sk sk sk skt sk sk sk sk sk kol sk kol skokokoskoskokoskoskoksk sk

* C.1.3. CASSAVA TO POWER PLANT

s e e R R R R sk sk s s s e ks ok

TABLE CAF2PP(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass PP\ParameterAndTable\Distance\CAF2DemandSite\CAF2PP.csv
$offdelim

she sk sk sfe sk s sfe sk sfe ste st sie stesie sk sk sk sk sk sk sk sk sk sk sk sk sk skt stokeoskokoskokokokoskokoskoskok

* C.1.4. CASSAVA TO AGRICULTURAL FIELD

she sk she sfe she sk she sk sk sk sk sk sk skt s sk sk stk st sk sk sk sk sk skeoskeosteosteoskeoskoskokoskokokokokskok

TABLE CAF2AGF(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\CAF2DemandSite\CAF2AGF.csv

Soffdelim

* *

she sfe she sfe sfe sk st sk sk sk stk skoskokoskoskokoskoskoskoskokokoskokokoskosk

* C.2. CORN

stk s sk ok stk ook sk sk kok ok ok skofok ok sk ok

s st s sk s ok o sk stk sk sk ok s sk stk sk sk skt sk stk sk ook stk stk ok sk sk sk ok ok ok

* C.2.1. CORN TO BRICK PRODUCER

she sk she sfe she sk she sk sk sk sk sk sk sk skt st sk sk sk sk sk sk sk sk sk sk sk skeskeoskokoskokokokokosk skokoskoskosk

TABLE Corn2BR(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\Corn2DemandSite\Corn2BR.csv
$offdelim

s sk sk sk sk sk s sk sk sk sk sk stk skeosk skosk sk sk sk sk sk sk sk sk sk sk sk stk skok skokokoskokskokskok

* C.2.2. CORN TO CHARCOAL MAKING

3k sk sk sk sk ok sk sk sk sk s sk ke sk stk sk sk sk sk sk sk sk sk sk sk sk sk sk stk skokokoskoskokoskoskokok sk

TABLE Corn2CH(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\Corn2DemandSite\Corn2CH.csv
$offdelim

3k sk sk sk sk ok sk sk sk sk sk sk sk sk skeske sk sk sk sk sk sk sk sk sk sk ks sk stk skokok sk skokoskoskokok sk

* C.2.3. CORN TO AGRICULTURAL FIELD
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3k sk s sk sk sk sk sk sk sk sk sk sk sk skeske s sk sk sk skt sk sk sk sk sk kol sk kol skokokoskoskokoskoskoksk sk

TABLE Corn2 AGF(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\Corn2DemandSite\Corn2 AGF.csv
$offdelim

3k sk sk sk sk sk sk sk sk sk sk sk sk sk skeske sk sk sk sk skt sk sk ks sk kol sk kol skokokskoskokoskskokosk sk

* C.2.4. CORN TO POWER PLANT
kR R R R R

TABLE Corn2PP(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\Corn2DemandSite\Corn2PP.csv

Soffdelim

* *

she sk ske sfe sk sk sfe sk she st st sie stk sieske sk ske sk skeoske sk sk sk skeskokeoskok

*C.3. RICE

sk >k sk sk sk sk sk sk sk sk sk sk sk skokoskokokoskoskolkoskokokskokoksk

she sk she sfe she sk she sk sk sk sk sk sk skt st st sk sk sk sk sk sk sl ste sk sk sk sk skokoskokokokokokoskokoskoskok

* C.3.1. RICE MILL TO BRICK PRODUCER

sk sk sk sk o sk sk ok sk ok sk ok sk sk ok sk ok sk sk ok sk ok skl ok sk ok sk skskoskok sk skok ok sksk sk ok

TABLE RM2BR(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\RM2DemandSite\RM2BR.csv
$offdelim

s sk sk sk sk sk sk ook Rk stk sk ok sksk stk R kR sk ok kR sk sk sk sk ok kR ok R

* C.3.2. RICE MILL TO CHARCOAL MAKING
R T

TABLE RM2CH(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\RM2DemandSite\RM2CH.csv
$offdelim

s sk sk sk sk sk sk sk sk sk sk sk stk skeosk skosk sk sk sk sk sk sk sk sk sk skokoskokoskokoskokokokoskokoskskok

* C.3.3. RICEMILL TO AGRICULTURAL FIELD

3k sk sk sk sk sk sk sk sk sk sk sk e sk skeske sk sk sk sk sk sk sk sk sk sk ks sk stk skokokoskoskokoskoskokok sk

TABLE RM2AGF(SPSubDistrict, DMSubDistrict)
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$ondelim
$include D:\Biomass PP\ParameterAndTable\Distance\RM2DemandSite\RM2AGF.csv
$offdelim

she sk sk sfe sk sk sfe sk sfe st sk sk stesie sieske s sk sk ske sk sk sk sk sk sk sk ske skt stk skokoskokokoskoskokoskoskok

* C.3.4. RICE MILL TO ANIMAL FARM

she she she sfe she sk she sk she sk sk sk sk sk skoske st sk sk ske ske sk ske sk sfe st sk st sk sk stk skokoskoskokoskoskoskoskoskosk

TABLE RM2AF(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\RM2DemandSite\RM2AF.csv
$offdelim

3k sk sk sk sk sk sk sk sk sk sk sk sk sk skt s ko sk skt sk skokoskoskokoskosk kol skokokoskokokskokokskk

* C.3.5. RICE MILL TO POWER PLANT
SRR R AR

TABLE RM2PP(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\RM2DemandSite\RM2PP.csv
$offdelim

sk sk sk sk sk stk ook otk ok sk kol sk sk sk Rk kRl ok kR sksk sk ks kR ok ok

* C.3.6. RICE MILL TO RICE MILL

she sk she sfe she sk she sk sk sk sk sk sk skt st sk sk sk sk sk sk sfe sk ste sk st sk sk stk skokokokolkok skokoskoskosk

TABLE RM2RM(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\RM2DemandSite\RM2RM.csv
$offdelim

sk sk sk sfe sk sk sk sk sk sk sk sk sk sk skeske sk stk sk sk sk skokoskosk sk sk sk skokoskoskokoskokokoskskoksk sk

* C.3.7. RICE MILL TO SUGARCANE COMPANY
ARk ks ok ok Rk

TABLE RM2SG(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\RM2DemandSite\RM2SG.csv

Soffdelim

* *

sk sk s sk sk ok sk sk sk sk sk sk sk sk stk sk stk sk skokosk sk kok skokok

* C.4. RICE STRAW

163



sfe sfe she sfe she sk sfe sk st sk stk stk kst skt sk sk skoskeoskokoseokokoskosk

st she she sfe she sk she sk she sk sk sk sk sk skoske st sk sk ske ske sk ske sk sfe st sk st sk sk stk skokoskoskokoskoskoskoskoskosk

* C.4.1. RICE MILL TO AGRICULTURAL FIELD

s R sk sk sk s sk s e ok

TABLE RF2AGF(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass PP\ParameterAndTable\Distance\RF2DemandSite\RF2AGF.csv
$offdelim

sk st sk sk sk sk sk sk sk sk sk sk sk sk stk sk sk sk sk stk sk sk skesk skeoskosk sk stk skokokoskoskokoskskokok sk

* C.4.2. RICEMILL TO ANIMAL FARM

she sfe she sfe she sk she sk sk sk sk sk sk skt st st sk sk sk sk sk sk sl ste sk sk sk sk stk skokoskokokokoskokoskoskosk

TABLE RF2AF(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\RF2DemandSite\RF2AF.csv
$offdelim

3k >k sk sk sk sk sk sk sk sk sk sk sk sk kst sk sk sk skt sk sk koskoskokoskosk kol skokoskoskokokskkokskk

* C.4.3. RICE MILL TO POWER PLANT

sk sk ok sk ok sk ok sk ok sk ok sk sk ok sk ok sk sk ok sk ok skl ook ok sk sk skok ok skok ok skoksk ook

TABLE RF2PP(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\RF2DemandSite\RF2PP.csv

Soffdelim

* *

stk s sk ok sk ook sk sk skok ok ok skofok ok skgok
* C.5. SUGARCANE COMPANY

A A

sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeske sk sk sk sk skt sk skok sk skt sk sk ksl skosk skokoskokokosk skokoskok skokskok

* C.5.1. SUGARCANE COMPANY TO SUGARCANE COMPANY

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk stk sk sk sk sk stk sk skokosk skokoskoskokok

TABLE SG2SG(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\SG2DemandSite\SG2SG.csv

Soffdelim

* *
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sfe sfe she sfe she sk sfe sk st sk stk stk kst skt sk sk skoskeoskokoseokokoskosk

*C.6. SAW MILL

otk btk sk Rk R ko

otk kb ok ok kR s b ok R R kR ok

*C.6.1. WOOD TO BRICK PRODUCER

she she she sfe she sk she sk she sk sk sk sk sk skoske st sk sk she sk sk ske sk sfe st sk st sk sk stk skokoskoskokoskoskoskoskoskosk

TABLE WOOD2BR(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\Wood2DemandSite\WOOD2BR.csv
$offdelim

3k sk sk sk sk sk sk sk sk sk sk sk sk sk skt sk sk sk skt sk sk koskoskokoskosk kol skokokoskokokskokoksk sk

* C.6.2. WOOD TO CHARCOAL

A AR R AR KRR

TABLE WOOD2CH(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\Wood2DemandSite\WOOD2CH.csv
$offdelim

s sk sk sk sk sk sk ook otk ok sk ok sksk sk sRoR Rkl kokkksksk sk ks kR ok ok

* C.6.3. WOOD TO POWER PLANT

she sk she sfe she sk sk sk sk sk sk sk sk sk skt st sk sk sk sk sk sk sl sk ste sk sk sk sk stk skokokokokokoskokoskoskosk

TABLE WOOD2PP(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\Wood2DemandSite\WOOD2PP.csv
$offdelim

sk sk s sfe sk sk sk sk sk sk sk sk sk sk skt sk sk sk skt sk skok sk sk sk skosk skokoskeskok skokokosk skoksk sk

* C.6.4. WOOD TO SUGARCANE COMPANY
ARk sk ks ok ko Rk

TABLE WOOD2SG(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\Wood2DemandSite\WOOD2SG.csv
$offdelim

ok sk sk sk sk sk sk sk sk sk sk sk stk skesk skosk sk sk sk sk sk sk sk sk sk skokoskokoskokoskokokoskoskoskoskskok

* C.6.4. WOOD TO RICE MILL

3k sk s sk sk e sk sk sk sk sk sk ke sk stk sk sk sk sk sk sk sk ks sk ks sk stk skokokoskoskokoskoskokosk sk
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TABLE WOOD2RM(SPSubDistrict, DMSubDistrict)

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Distance\Wood2DemandSite\WOOD2RM.csv
$offdelim

sfe sfe she sfe she sk sfe sk she st sk sk sk sk sk skttt skt st sk sk skt skokeokokokoskok

*D. Other

sfe sfe she sfe she sk she sk sk sk sk sk sk sk kst st st sk ske sk sk skeoskeosleoskeokokokokoskokoskok

otk kbR sk Rk Rk sk R

*D.1 RESIDUE TO PRODUCT RATIO

she she sk sfe she sk sfe sk sk sk sk sk stk stk skoskotkoskoskokokokokokokokokokokokokok

Parameter RPR (BM) Residue to Product Ratios of Biomass /
$ondelim

$include D:\Biomass_PP\ParameterAndTable\Regional\RPR.csv
$offdelim

/s

* *

sk sk sk sk sk sk sk sk sk stk sk sk skoskoskokosk sk skokoskokokskokokskokokskskok

*D.2 BIOMASS PRICE

sk s sk ok ok stk skt sk ook ok ok skofok stk skofok ok skokok

Parameters

BMPRICE (BM) Biomass Price (Baht per ton)/

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Regiona\BMPRICE.csv
$offdelim

/s

* *

s sk sk sk sk sk s sk sk sk sk sk stk skosk kol sk sk sk sk skosk skoskosk sk skokoskokokok ok

* D.3 CALORIFIC VALUE OF BIOMASS

sfe she she she she she sfe sfe she st st sk sfe sk sk sk s sie sk she ske sk she sk sfe st sk sk stk ok kok sk

Parameters

BMCYV (BM) Calorific Value (MJ per Ton)/

$ondelim

$include D:\Biomass_PP\ParameterAndTable\Regiona\BMCV.csv

$offdelim
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/s

* *

sfe she sk sfe sk s sfe sk sfe st st sie stk sieske s sk sk sk sk sk sk sk sk sk sk sk skokostokokokoskokok

* D.4 FUEL CONSUMPTION TON/YEAR/MW

sfe she she sfe she sk she sk she sk sk sk sk sk skt st st sk ske sk sk ske sk sfe sk sk sk stk skok skokoskoskok

Parameters

FC (BM) Amount of Biomass for Electric Power Generation (ton per MW) /
$ondelim

$include D:\Biomass_PP\ParameterAndTable\Regional\TonPerMW.csv
$offdelim

/s

* *

sk sk kR tok ok okl ksl sk kR oRoRok kokkksk sk sk ok ok

*D.5 AVAILABILITY FACTOR

she sfe she sfe sfe sk she sk sk sk sk sk sk skt sk sk st sk sk sk sk sk steoste sk skoskokoskokoskokoskokok

Parameters

AVAI FACTOR (BM) Amount of Biomass for Electric Power Generation (ton per MW) /
$ondelim

$include D:\Biomass_PP\ParameterAndTable\Regional\AvaiFactor.csv

$offdelim

/s

* *

s s sk sk s sk ook R oR otk stk sk s s sk stk oR ok sttt sk sk sk sk s sk sk sk st ot st skl s sk sk sk sk stk sk st sk skl sksk sk skt stttk sk kR sk sk ok ok ok

*  TRANSPORTATION COST FROM SUPPLY SITE TO UTILIZATION SITE *

sk sk sk sk sk sk sk sk sk sk sk sk sk sk skesk sk sk sk skt sk skosk sk sk sk s sk stk skt sk skl sk sk sk sk skok sk sk siosk skl sk kol sk skok sk skok sk sk sk skosk kol skokokoskokokoskoskorskokokskok

Parameter

TCCAF2BR TRANSPORTATION COST FROM CASSAVA SITE TO BRICK PRODUCER BAHT TON"-
1

TCCAF2CH TRANSPORTATION COST FROM CASSAVA SITE TO CHARCOAL MAKING BAHT
TONA-1

TCCAF2AGF TRANSPORTATION COST FROM CASSAVA SITE TO AGRICULTURAL FIELD BAHT
TONA-1

TCCAF2PP TRANSPORTATION COST FROM CASSAVA SITE TO POWER PLANT BAHT TON"-1
TCCorn2BR ~ TRANSPORTATION COST FROM CORN SITE TO BRICK PRODUCER BAHT TON"-1
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TCCorn2CH TRANSPORTATION COST FROM CORN SITE TO CHARCOAL MAKING BAHT TON"-1
TCCorm2AGF TRANSPORTATION COST FROM CORN SITE TO AGRICULTURAL FIELD BAHT
TONA-1

TCCorn2PP TRANSPORTATION COST FROM CORN SITE TO POWER PLANT BAHT TON"-1
TCRM2BR TRANSPORTATION COST FROM RICE MILL TO BRICK PRODUCER BAHT TON"-1
TCRM2CH TRANSPORTATION COST FROM RICE MILL TO CHARCOAL MAKING BAHT TON"-1
TCRM2AGF TRANSPORTATION COST FROM RICE MILL TO AGRICULTURAL FIELD BAHT
TONA-1

TCRM2AF TRANSPORTATION COST FROM RICE MILL TO ANIMAL FARM BAHT TON”-1
TCRM2PP TRANSPORTATION COST FROM RICE MILL TO POWER PLANT BAHT TON”-1
TCRM2RM TRANSPORTATION COST FROM RICE MILL TO RICE MILL BAHT TON*-1
TCRM2SG TRANSPORTATION COST FROM RICE MILL TO SUGARCANE COMPANY BAHT
TON*-1

TCRF2PP TRANSPORTATION COST FROM RICE MILL TO POWER PLANT BAHT TON*-1
TCRF2AGF TRANSPORTATION COST FROM RICE MILL TO AGRICULTURAL FIELD BAHT TON"-
1

TCRF2AF TRANSPORTATION COST FROM RICE MILL TO ANIMAL FARM BAHT TON*-1
TCBG2SG TRANSPORTATION COST FROM SUGARCANE COMPANY TO SUGARCANE
COMPANY BAHT TON”-1

TCWOOD2BR TRANSPORTATION COST FROM WOOD SITE TO BRICK PRODUCER BAHT TON"-1
TCWOOD2CH TRANSPORTATION COST FROM WOOD SITE TO CHARCOAL MAKING BAHT
TON*-1

TCWOQOD2PP TRANSPORTATION COST FROM WOOD SITE TO POWER PLANT BAHT TON"-1
TCWOOD2RM TRANSPORTATION COST FROM WOOD SITE TO RICE MILL BAHT TON*-1
TCWOOD2SG TRANSPORTATION COST FROM WOOD SITE TO RICE MILL BAHT TON"-1
TCCAF2BR(SPSubDistrict, DMSubDistrict) = CAF2BR(SPSubDistrict, DMSubDistrict)*Cts;
TCCAF2CH(SPSubDistrict, DMSubDistrict) = CAF2CH(SPSubDistrict, DMSubDistrict)*Cts;
TCCAF2AGF(SPSubDistrict, DMSubDistrict) = CAF2AGF(SPSubDistrict, DMSubDistrict)*Cts;
TCCAF2PP(SPSubDistrict, DMSubDistrict) = CAF2PP(SPSubDistrict, DMSubDistrict)*Cts;
TCCorn2BR(SPSubDistrict, DMSubDistrict) = Corn2BR(SPSubDistrict, DMSubDistrict)*Cts;
TCCorn2CH(SPSubDistrict, DMSubDistrict) = Corn2CH(SPSubDistrict, DMSubDistrict)*Cts;

TCCorn2 AGF(SPSubDistrict, DMSubDistrict) = Corn2 AGF(SPSubDistrict, DMSubDistrict)*Cts;

TCCorn2PP(SPSubDistrict, DMSubDistrict) = Corn2PP(SPSubDistrict, DMSubDistrict)*Cts;
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TCRM2BR(SPSubDistrict, DMSubDistrict) = RM2BR(SPSubDistrict, DMSubDistrict)*Cts;
TCRM2CH(SPSubDistrict, DMSubDistrict) = RM2CH(SPSubDistrict, DMSubDistrict)*Cts;
TCRM2AGF(SPSubDistrict, DMSubDistrict) = RM2AGF(SPSubDistrict, DMSubDistrict)*Cts;
TCRM2AF(SPSubDistrict, DMSubDistrict) = RM2AF(SPSubDistrict, DMSubDistrict)*Cts;
TCRM2PP(SPSubDistrict, DMSubDistrict) = RM2PP(SPSubDistrict, DMSubDistrict)*Cts;
TCRM2RM(SPSubDistrict, DMSubDistrict) = RM2RM(SPSubDistrict, DMSubDistrict)*Cts;
TCRM2SG(SPSubDistrict, DMSubDistrict) = RM2SG(SPSubDistrict, DMSubDistrict)*Cts;
TCRF2PP(SPSubDistrict, DMSubDistrict) = RF2PP(SPSubDistrict, DMSubDistrict)*Cts;
TCRF2AGF(SPSubDistrict, DMSubDistrict) = RF2AGF(SPSubDistrict, DMSubDistrict)*Cts;
TCRF2AF(SPSubDistrict, DMSubDistrict) = RF2AF(SPSubDistrict, DMSubDistrict)*Cts;
TCBG2SG(SPSubDistrict, DMSubDistrict) = SG2SG(SPSubDistrict, DMSubDistrict)*Cts;
TCWOOD2BR(SPSubDistrict, DMSubDistrict) = WOOD2BR(SPSubDistrict, DMSubDistrict)*Cts;
TCWOOD2CH(SPSubDistrict, DMSubDistrict) = WOOD2CH(SPSubDistrict, DMSubDistrict)*Cts;
TCWOOD2PP(SPSubDistrict, DMSubDistrict) = WOOD2PP(SPSubDistrict, DMSubDistrict)*Cts;
TCWOOD2RM(SPSubDistrict, DMSubDistrict) = WOOD2RM(SPSubDistrict, DMSubDistrict)*Cts;

TCWOOD2SG(SPSubDistrict, DMSubDistrict) = WOOD2SG(SPSubDistrict, DMSubDistrict)*Cts;

s s sk sk sk sk ook Rk ok sk sk s sk sk stk Rk sttt st sk s sk sk stk skl sk skosk sk stk stttk skl sksksk sk stttk stk sk ok sk sk sksk sk ko ook ok

* BIOMASS SUPPLY AND BIOMASS DEMAND ¥
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* BIOMASS SUPPLY ¥

Parameters

SPBagasse SUPPLY OF BAGASSE

SPCassavaStalk SUPPLY OF CASSAVA STALK

SPCassavaRhizome SUPPLY OF CASSAVA RHIZOME

SPCornCob SUPPLY OF CORN COB

SPRiceHusk SUPPLY OF RICE HUSK

SPRiceStraw SUPPLY OF RICE STRAW

SPWoodResidue SUPPLY OF WOOD RESIDUE

SPBagasse(SPSubDistrict) = SGCAPACITY(SPSubDistrict)*RPR('Bagasse')*AVAI_FACTOR('Bagasse');
SPCassavaStalk(SPSubDistrict) = CASSAVAPROD(SPSubDistrict)*RPR('CassavaStalk

)*AVAI_FACTOR('CassavaStalk ');
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SPCassavaRhizome(SPSubDistrict) =

CASSAVAPROD(SPSubDistrict)*RPR('CassavaRhizome")* AVAI_FACTOR('CassavaRhizome');
SPCornCob(SPSubDistrict) = CORNPROD(SPSubDistrict)*RPR('CornCob")* AVAI_FACTOR('CornCob');
SPRiceHusk(SPSubDistrict) = RMCAPACITY(SPSubDistrict)*RPR('RiceHusk

)*AVAI FACTOR('RiceHusk ')*WorkDay*Factor;

SPRiceStraw(SPSubDistrict) = RICEPROD(SPSubDistrict)*RPR('RiceStraw')*AVAI FACTOR('RiceStraw");
SPWoodResidue(SPSubDistrict) =

WOODPROD(SPSubDistrict)*RPR("WoodResidue")* AVAI_FACTOR('"WoodResidue');

Display

SPBagasse,SPCassavaStalk,SPCassavaRhizome,SPCornCob,SPRiceHusk,SPRiceStraw,SPWoodResidue;

* BIOMASS DEMAND *
Parameters

DMBrickMaking DEMAND FOR BRICK MAKING
DMCharcoalMaking DEMAND FOR CHARCOAL MAKING
DMPowerPlant DEMAND FOR POWER PLANT

DMRiceMill DEMAND FOR RICE MILL

DMSugarcaneCompany DEMAND FOR SUGARCANE COMPANY

DMAgriField DEMAND FOR AGRICULTURAL FIELD

DMAnimalFarm DEMAND FOR FLOOR LITTER
DMBrickMaking(DMSubDistrict,BM) = BRDEMANDBM(DMSubDistrict,BM);
DMCharcoalMaking(DMSubDistrict, BM) = CHDEMANDBM(DMSubDistrict,BM);
DMPowerPlant(DMSubDistrict, BM) = PPDEMANDBM(DMSubDistrict,BM)*FC(BM);
DMRiceMill(DMSubDistrict, BM) = RMDEMANDBM(DMSubDistrict,BM);

DMSugarcaneCompany(DMSubDistrict,BM) = SGDEMANDBM(DMSubDistrict,BM);

DMAgriField(DMSubDistrict,BM) = AGFDEMANDBM(DMSubDistrict, BM);
DMAnimalFarm(DMSubDistrict,BM) = AFDEMANDBM(DMSubDistrict,BM);
DISPLAY

DMBrickMaking,DMCharcoalMaking, DMPowerPlant, DMRiceMill, DMSugarcaneCompany, DMAgriField, DMA

nimalFarm;

s sk sk sk sk sk sk sk sk sk sk sk stk skeosk skosk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeoske stk ik skosk sk sk sk sk sk sk sk sk sk sk stk sk stk siokoskok skoskosk sk sk sk sk sk sk skoskokoskokokokokokskok

* EQUATION *

3k sk s sfe sk e sk sk sk sk sk sk ke sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk stk s sk sk sk skl sk sk sk sk sk ks sk skl sk skosk sk ksl sk sk sk sk sk sk skl skokoskosk kol sk skokoskoskokosk ko
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VARIABLES
BGSP2SG
CASTSP2BR
CASTSP2CH
CASTSP2PP
CASTSP2AGF
CARZSP2BR
CARZSP2CH
CARZSP2PP
CARZSP2AGF
CCSP2BR
CCSP2CH
CCSP2PP
CCSP2AGF
RHSP2BR
RHSP2CH
RHSP2PP
RHSP2RM
RHSP2AGF
RHSP2AF
RHSP2SG
RSSP2PP
RSSP2AGF
RSSP2AF
WDSP2BR
WDSP2CH
WDSP2PP
WDSP2RM
WDSP2SG

Cost

Positive variable

BGSP2SG,

SHIPMENT QUANTITIES OF BAGASSE TO SUGARCANE COMPANY
SHIPMENT QUANTITIES OF CASSAVA STALK TO BRICK MAKING
SHIPMENT QUANTITIES OF CASSAVA STALK TO CHARCOAL MAKING
SHIPMENT QUANTITIES OF CASSAVA STALK TO POWER PLANT
SHIPMENT QUANTITIES OF CASSAVA STALK TO AGRICULTURAL FIELD
SHIPMENT QUANTITIES OF CASSAVA RHIZOME TO BRICK MAKING
SHIPMENT QUANTITIES OF CASSAVA RHIZOME TO CHARCOAL MAKING
SHIPMENT QUANTITIES OF CASSAVA RHIZOME TO POWER PLANT

SHIPMENT QUANTITIES OF CASSAVA RHIZOME TO AGRICULTURAL FIELD

SHIPMENT QUANTITIES OF CORN COB TO BRICK MAKING
SHIPMENT QUANTITIES OF CORN COB TO CHARCOAL MAKING
SHIPMENT QUANTITIES OF CORN COB TO POWER PLANT

SHIPMENT QUANTITIES OF CORN COB TO AGRICULTURAL FIELD
SHIPMENT QUANTITIES OF RICE HUSK TO BRICK MAKING
SHIPMENT QUANTITIES OF RICE HUSK TO CHARCOAL MAKING
SHIPMENT QUANTITIES OF RICE HUSK TO POWER PLANT
SHIPMENT QUANTITIES OF RICE HUSK TO RICE MILL

SHIPMENT QUANTITIES OF RICE HUSK TO AGRICULTURAL FIELD
SHIPMENT QUANTITIES OF RICE HUSK TO ANIMAL FARM
SHIPMENT QUANTITIES OF RICE HUSK TO SUGARCANE COMPANY
SHIPMENT QUANTITIES OF RICE STRAW TO POWER PLANT
SHIPMENT QUANTITIES OF RICE STRAW TO AGRICULTURAL FIELD
SHIPMENT QUANTITIES OF RICE STRAW TO ANIMAL FARM
SHIPMENT QUANTITIES OF WOOD RESIDUE TO BRICK MAKING
SHIPMENT QUANTITIES OF WOOD RESIDUE TO CHARCOAL MAKING
SHIPMENT QUANTITIES OF WOOD RESIDUE TO POWER PLANT
SHIPMENT QUANTITIES OF WOOD RESIDUE TO RICE MILL
SHIPMENT QUANTITIES OF WOOD RESIDUE TO SUGARCANE COMPANY
TOTOL COST;

CASTSP2BR,CASTSP2CH,CASTSP2PP,CASTSP2AGF,

CARZSP2BR,CARZSP2CH,CARZSP2PP,CARZSP2AGF,
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CCSP2BR,CCSP2CH,CCSP2PP,CCSP2AGF,
RHSP2BR,RHSP2CH,RHSP2PP,RHSP2RM,RHSP2AGF,RHSP2AF,RHSP2SG,
RSSP2PP,RSSP2AGF,RSSP2AF,
WDSP2BR,WDSP2CH,WDSP2PP,WDSP2RM,WDSP2SG;

EQUATIONS
EQCOST OBIJECTIVE FUNCTION;
EQCOST ..
Cost =E= (SUM((SPSubDistrict, DMSubDistrict),
(TCBG2SG(SPSubDistrict, DMSubDistrict)+BMPRICE('Bagasse')) *BGSP2SG(SPSubDistrict, DMSubDistrict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCCAF2BR(SPSubDistrict, DMSubDistrict)+BMPRICE('CassavaStalk'))*CASTSP2AGF(SPSubDistrict, DMSub
District))
+SUM((SPSubDistrict, DMSubDistrict),
(TCCAF2CH(SPSubDistrict, DMSubDistrict)+BMPRICE('CassavaStalk'))*CASTSP2PP(SPSubDistrict, DMSubD
istrict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCCAF2AGF(SPSubDistrict, DMSubDistrict)+BMPRICE('CassavaStalk'))*CASTSP2AGF(SPSubDistrict, DMS
ubDistrict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCCAF2PP(SPSubDistrict, DMSubDistrict)+-BMPRICE('CassavaStalk"))*CASTSP2PP(SPSubDistrict, DMSubDi
strict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCCAF2BR(SPSubDistrict, DMSubDistrict)+BMPRICE('CassavaRhizome"))*CARZSP2AGF(SPSubDistrict, DM
SubDistrict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCCAF2CH(SPSubDistrict, DMSubDistrict)+BMPRICE('CassavaRhizome'))*CARZSP2PP(SPSubDistrict, DMS
ubDistrict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCCAF2AGF(SPSubDistrict, DMSubDistrict)+BMPRICE('CassavaRhizome'))*CARZSP2AGF(SPSubDistrict,D
MSubDistrict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCCAF2PP(SPSubDistrict, DMSubDistrict)+BMPRICE('CassavaRhizome'))*CARZSP2PP(SPSubDistrict, DMSu

bDistrict))
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+SUM((SPSubDistrict, DMSubDistrict),
(TCCorn2BR(SPSubDistrict, DMSubDistrict)+BMPRICE('CornCob'"))*CCSP2BR(SPSubDistrict, DMSubDistrict)
)
+SUM((SPSubDistrict, DMSubDistrict),
(TCCorn2CH(SPSubDistrict, DMSubDistrict)+BMPRICE('CornCob'))*CCSP2CH(SPSubDistrict, DMSubDistrict)
)
+SUM((SPSubDistrict, DMSubDistrict),
(TCCorn2PP(SPSubDistrict, DMSubDistrict)+BMPRICE('CornCob'))*CCSP2PP(SPSubDistrict, DMSubDistrict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCCorn2 AGF(SPSubDistrict, DMSubDistrict)+BMPRICE('CornCob"))*CCSP2AGF(SPSubDistrict, DMSubDistri
ct)
+SUM((SPSubDistrict, DMSubDistrict),
(TCRM2BR(SPSubDistrict, DMSubDistrict)+BMPRICE('RiceHusk"))*RHSP2BR(SPSubDistrict, DMSubDistrict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCRM2CH(SPSubDistrict, DMSubDistrict)+ BMPRICE('RiceHusk'))*RHSP2CH(SPSubDistrict, DMSubDistrict)
)
+SUM((SPSubDistrict, DMSubDistrict),
(TCRM2PP(SPSubDistrict, DMSubDistrict)+BMPRICE('RiceHusk'))*RHSP2PP(SPSubDistrict, DMSubDistrict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCRM2RM(SPSubDistrict, DMSubDistrict)+BMPRICE('RiceHusk'))*RHSP2RM(SPSubDistrict, DMSubDistrict
)
+SUM((SPSubDistrict, DMSubDistrict),
(TCRM2AGF(SPSubDistrict, DMSubDistrict)+BMPRICE('RiceHusk'))*RHSP2AGF(SPSubDistrict, DMSubDistri
ct)
+SUM((SPSubDistrict, DMSubDistrict),
(TCRM2AF(SPSubDistrict, DMSubDistrict)+BMPRICE('RiceHusk')) *RHSP2 AF(SPSubDistrict, DMSubDistrict))
+SUM((SPSubDistrict, DMSubDistrict),

(TCRM2SG(SPSubDistrict, DMSubDistrict)+BMPRICE('RiceHusk")) *RHSP2SG(SPSubDistrict, DMSubDistrict))

+SUM((SPSubDistrict, DMSubDistrict),
(TCRF2PP(SPSubDistrict, DMSubDistrict)+BMPRICE('RiceStraw"))*RSSP2PP(SPSubDistrict, DMSubDistrict))
+SUM((SPSubDistrict, DMSubDistrict),
(TCRF2AGF(SPSubDistrict, DMSubDistrict)+BMPRICE('RiceStraw'))*RSSP2AGF(SPSubDistrict, DMSubDistri
ct)
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+SUM((SPSubDistrict, DMSubDistrict),

(TCRF2AF(SPSubDistrict, DMSubDistrict)+BMPRICE('RiceStraw'))*RSSP2 AF(SPSubDistrict, DMSubDistrict))

+SUM((SPSubDistrict, DMSubDistrict),
(TCWOOD2BR(SPSubDistrict, DMSubDistrict)}+BMPRICE('WoodResidue'))*WDSP2BR(SPSubDistrict, DMSub
District))

+SUM((SPSubDistrict, DMSubDistrict),
(TCWOOD2CH(SPSubDistrict, DMSubDistrict)+BMPRICE("WoodResidue')) *WDSP2CH(SPSubDistrict, DMSub
District))

+SUM((SPSubDistrict, DMSubDistrict),
(TCWOOD2PP(SPSubDistrict, DMSubDistrict)+BMPRICE("WoodResidue')) *WDSP2PP(SPSubDistrict, DM Sub
District))

+SUM((SPSubDistrict, DMSubDistrict),
(TCWOOD2RM(SPSubDistrict, DMSubDistrict)+-BMPRICE('WoodResidue') ) *WDSP2RM(SPSubDistrict, DMSu
bDistrict))

+SUM((SPSubDistrict, DMSubDistrict),
(TCWOOD2SG(SPSubDistrict, DMSubDistrict)+BMPRICE("WoodResidue"))*WDSP2SG(SPSubDistrict, DMSub

District)));;

* SUPPLY Y
EQUATIONS
EQBGSP SUPPLY OF BAGASS IN EACH SUGARCANE COMPANY IN EACH DISTRICT
EQCASTSP SUPPLY OF CASSAVA STALK IN EACH CASAVA MILL IN EACH DISTRICT
EQCARZSP SUPPLY OF CASSAVA RHIZOME IN EACH CASAVA MILL IN EACH DISTRICT
EQCCSP SUPPLY OF CORNCOB IN EACH SILO IN EACH DISTRICT
EQRHSP SUPPLY OF RICE HUSK IN EACH RICE MILL IN EACH DISTRICT
EQRSSP SUPPLY OF RICE STRAW IN EACH RICE MILL IN EACH DISTRICT
EQWDSP SUPPLY OF WOOD RESIDUE IN EACH SAW MILL IN EACH DISTRICT;
EQBGSP(SPSubDistrict)..
SUM(DMSubDistrict,(BGSP2SG(SPSubDistrict, DMSubDistrict))) =L= SPBagasse(SPSubDistrict) ;
EQCASTSP(SPSubDistrict)..
SUM(DMSubDistrict,(CASTSP2BR(SPSubDistrict, DMSubDistrict)

+CASTSP2CH(SPSubDistrict, DMSubDistrict)

+CASTSP2PP(SPSubDistrict, DMSubDistrict)
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+CASTSP2AGF(SPSubDistrict, DMSubDistrict))) =L= SPCassavaStalk(SPSubDistrict) ;
EQCARZSP(SPSubDistrict)..
SUM(DMSubDistrict,(CARZSP2BR(SPSubDistrict, DMSubDistrict)

+CARZSP2CH(SPSubDistrict, DMSubDistrict)

+CARZSP2PP(SPSubDistrict, DMSubDistrict)

+CARZSP2AGF(SPSubDistrict, DMSubDistrict))) =L= SPCassavaRhizome(SPSubDistrict) ;
EQCCSP(SPSubDistrict)..
SUM(DMSubDistrict,(CCSP2BR(SPSubDistrict, DMSubDistrict)

+CCSP2CH(SPSubDistrict, DMSubDistrict)

+CCSP2PP(SPSubDistrict, DMSubDistrict)

+CCSP2AGF(SPSubDistrict, DMSubDistrict))) =L= SPCornCob(SPSubDistrict) ;
EQRHSP(SPSubDistrict)..
SUM(DMSubDistrict,(RHSP2BR(SPSubDistrict, DMSubDistrict)

+RHSP2CH(SPSubDistrict, DMSubDistrict)

+RHSP2PP(SPSubDistrict, DMSubDistrict)

+RHSP2RM(SPSubDistrict, DMSubDistrict)

+RHSP2AGF(SPSubDistrict, DMSubDistrict)

+RHSP2AF(SPSubDistrict, DMSubDistrict)

+RHSP2SG(SPSubDistrict, DMSubDistrict))) =L= SPRiceHusk(SPSubDistrict);
EQRSSP(SPSubDistrict)..
SUM(DMSubDistrict,(RSSP2PP(SPSubDistrict, DMSubDistrict)

+RSSP2AGF(SPSubDistrict, DMSubDistrict)

+RSSP2AF(SPSubDistrict, DMSubDistrict))) =L= SPRiceStraw(SPSubDistrict) ;
EQWDSP(SPSubDistrict)..
SUM(DMSubDistrict,( WDSP2BR(SPSubDistrict, DMSubDistrict)

+WDSP2CH(SPSubDistrict, DMSubDistrict)

+WDSP2PP(SPSubDistrict, DMSubDistrict)

+WDSP2RM(SPSubDistrict, DMSubDistrict)

+WDSP2SG(SPSubDistrict, DMSubDistrict))) =L= SPWoodResidue(SPSubDistrict) ;

* DEMAND *

EQUATIONS
EQPPDMCAST DEMAND OF CASSAVA STALK FOR POWER PLANT
EQPPDMCARZ DEMAND OF CASSAVA RHIZOME FOR POWER PLANT

175



EQPPDMCC  DEMAND OF CORN COB FOR POWER PLANT

EQPPDMRH  DEMAND OF RICE HUSK FOR POWER PLANT

EQPPDMRS  DEMAND OF RICE STRAW FOR POWER PLANT

EQPPDMWD  DEMAND OF WOOD RESIDUE FOR POWER PLANT
EQRMDMRH  DEMAND OF RICE HUSK FOR RICE MILL

EQRMDMWD  DEMAND OF WOOD RESIDUE FOR WOOD RESIDUE
EQAGFDMCAST DEMAND OF CASSAVA STALK FOR AGRICULTURAL FIELD
EQAGFDMCARZ DEMAND OF CASSAVA RHIZOME FOR AGRICULTURAL FIELD
EQAGFDMCC DEMAND OF CORN COB FOR AGRICULTURAL FIELD
EQAGFDMRH DEMAND OF RICE HUSK FOR AGRICULTURAL FIELD
EQAGFDMRS  DEMAND OF RICE STRAW FOR AGRICULTURAL FIELD
EQAFDMRH  DEMAND OF RICE HUSK FOR ANIMAL FARM

EQAFDMRS  DEMAND OF RICE HUSK FOR ANIMAL FARM
EQPPDMCAST(DMSubDistrict, BM)..
SUM(SPSubDistrict,(CASTSP2PP(SPSubDistrict, DMSubDistrict))) =E=

DMPowerPlant(DMSubDistrict,'CassavaStalk') ;

EQPPDMCARZ(DMSubDistrict,BM)..
SUM(SPSubDistrict,(CARZSP2PP(SPSubDistrict, DMSubDistrict))) =E=

DMPowerPlant(DMSubDistrict,'CassavaRhizome') ;

EQPPDMCC(DMSubDistrict, BM)..
SUM(SPSubDistrict,(CCSP2PP(SPSubDistrict, DMSubDistrict))) =E=

DMPowerPlant(DMSubDistrict,'CornCob') ;

EQPPDMRH(DMSubDistrict,BM)..
SUM(SPSubDistrict,(RHSP2PP(SPSubDistrict, DMSubDistrict))) =E=

DMPowerPlant(DMSubDistrict, RiceHusk') ;

EQPPDMRS(DMSubDistrict, BM)..

SUM(SPSubDistrict,(RSSP2PP(SPSubDistrict, DMSubDistrict))) =E=

DMPowerPlant(DMSubDistrict,'RiceStraw') ;
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EQPPDMWD(DMSubDistrict,BM)..
SUM(SPSubDistrict,( WDSP2PP(SPSubDistrict, DMSubDistrict))) =E=

DMPowerPlant(DMSubDistrict, WoodResidue') ;

EQRMDMRH(DMSubDistrict, BM)..
SUM(SPSubDistrict,(RHSP2RM(SPSubDistrict, DMSubDistrict))) =E=

DMRiceMill(DMSubDistrict,'RiceHusk");

EQRMDMWD(DMSubDistrict, BM)..
SUM(SPSubDistrict,( WDSP2RM(SPSubDistrict, DMSubDistrict))) =E=

DMRiceMill(DMSubDistrict,' WoodResidue');

EQAGFDMCAST(DMSubDistrict,BM)..
SUM(SPSubDistrict,(CASTSP2AGF(SPSubDistrict, DMSubDistrict))) =E=

DMA_griField(DMSubDistrict, CassavaStalk');

EQAGFDMCARZ(DM SubDistrict,BM)..
SUM(SPSubDistrict,(CARZSP2AGF(SPSubDistrict, DMSubDistrict))) =E=

DMAgriField(DMSubDistrict,'CassavaRhizome');

EQAGFDMCC(DMSubDistrict,BM)..
SUM(SPSubDistrict,(CCSP2AGF(SPSubDistrict, DMSubDistrict))) =E=

DMAgriField(DMSubDistrict,'CornCob');
EQAGFDMRH(DMSubDistrict,BM)..
SUM(SPSubDistrict,(RHSP2AGF(SPSubDistrict, DMSubDistrict))) =E=
DMAgriField(DMSubDistrict,'RiceHusk');
EQAGFDMRS(DMSubDistrict, BM)..
SUM(SPSubDistrict,(RSSP2AGF(SPSubDistrict, DMSubDistrict))) =E=

DMAgriField(DMSubDistrict, RiceStraw');

EQAFDMRH(DMSubDistrict,BM)..
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SUM(SPSubDistrict,(RHSP2AF(SPSubDistrict, DMSubDistrict))) =E=

DMAnimalFarm(DMSubDistrict,'RiceHusk');
EQAFDMRS(DMSubDistrict, BM)..
SUM(SPSubDistrict,(RSSP2AF(SPSubDistrict, DMSubDistrict))) =E=

DMAnimalFarm(DMSubDistrict,'RiceStraw');

* CONSTRAINT *

equations

EQBM2SugarcaneCompany DEMAND OF BIOMASS FOR SUGARCANE COMPANY;

EQBM2SugarcaneCompany(DMSubDistrict, BM)..

(Sum(SPSubDistrict,(BGSP2SG(SPSubDistrict, DMSubDistrict)*BMCV('Bagasse')))
+Sum(SPSubDistrict,(RHSP2SG(SPSubDistrict, DMSubDistrict) * BMCV('CassavaStalk')))
+Sum(SPSubDistrict,( WDSP2SG(SPSubDistrict, DMSubDistrict) * BMCV('WoodResidue'))))=E=

DMSugarcaneCompany(DMSubDistrict,'Bagasse')*BMCV('Bagasse');

equations

EQBG2SugarcaneCompanyConst DEMAND OF BAGASSE FOR SUGARCANE COMPANY;

EQBG2SugarcaneCompanyConst(DMSubDistrict, BM)..
(Sum(SPSubDistrict,(BGSP2SG(SPSubDistrict, DMSubDistrict)*BMCV('Bagasse')))) =G=

DMSugarcaneCompany(DMSubDistrict,' Bagasse')*BMCV ('Bagasse')*0.85;

equations

EQBM2SugarcaneCompanyConst DEMAND OF BIOMASS FOR SUGARCANE COMPANY;
EQBM2SugarcaneCompanyConst(DMSubDistrict,BM)..
(Sum(SPSubDistrict,(RHSP2SG(SPSubDistrict, DMSubDistrict)*BMCV('CassavaStalk')))
+Sum(SPSubDistrict,(WDSP2SG(SPSubDistrict, DMSubDistrict) *BMCV('WoodResidue'))))=L=

DMSugarcaneCompany(DMSubDistrict,'Bagasse') *BMCV('Bagasse')*0.15;

equations

EQBM2BrickMaking DEMAND OF BIOMASS FOR BRICK MAKING;
EQBM2BrickMaking(DMSubDistrict, BM)..
(Sum(SPSubDistrict,(RHSP2BR(SPSubDistrict, DMSubDistrict) * BMCV('RiceHusk")))
+Sum(SPSubDistrict,(CASTSP2BR(SPSubDistrict, DMSubDistrict) *BMCV('CassavaStalk")))
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+Sum(SPSubDistrict,(CARZSP2BR(SPSubDistrict, DMSubDistrict) * BMCV('CassavaRhizome')))
+Sum(SPSubDistrict,(CCSP2BR(SPSubDistrict, DMSubDistrict) *BMCV('CornCob")))
+Sum(SPSubDistrict,( WDSP2BR(SPSubDistrict, DMSubDistrict) *BMCV("WoodResidue'))))=E=

DMBrickMaking(DMSubDistrict, RiceHusk') * BMCV('RiceHusk') ;

equations

EQBM2CharcoalMaking DEMAND OF BIOMASS FOR CHARCOAL MAKING;
EQBM2CharcoalMaking(DMSubDistrict,BM)..
(Sum(SPSubDistrict,(RHSP2CH(SPSubDistrict, DMSubDistrict) *BMCV('RiceHusk')))
+Sum(SPSubDistrict,(CASTSP2CH(SPSubDistrict, DMSubDistrict)*BMCV('CassavaStalk')))
+Sum(SPSubDistrict,(CARZSP2CH(SPSubDistrict, DMSubDistrict) *BMCV('CassavaRhizome'")))
+Sum(SPSubDistrict,(CCSP2CH(SPSubDistrict, DMSubDistrict)*BMCV('CornCob')))
+Sum(SPSubDistrict,( WDSP2CH(SPSubDistrict, DMSubDistrict) *BMCV("WoodResidue'))))=E=

DMCharcoalMaking(DMSubDistrict,'RiceHusk') *BMCV('RiceHusk') ;

MODEL TTLCOST /ALL/;

SOLVE TTLCOST USING lp MINIMIZING Cost ;

DISPLAY

BGSP2SG.],

CASTSP2BR.1,CASTSP2CH.L,CASTSP2PP.l,CASTSP2AGF.],
CARZSP2BR.1,CARZSP2CH.1, CARZSP2PP.1,CARZSP2AGEF.l,
CCSP2BR.1,CCSP2CH.L,CCSP2PP.I,CCSP2AGEF.],
RHSP2BR.LRHSP2CH.I,RHSP2PP.,RHSP2RM.I,RHSP2AGF.|,RHSP2AF.I,RHSP2SG.],
RSSP2PP.LRSSP2AGF.|,RSSP2AF.1,

WDSP2BR.,WDSP2CH.,WDSP2PP.1, WDSP2RM.I,WDSP2SG.],

Cost.L;
T
parameters

BGSP2SG1(SPSubDistrict, DMSubDistrict);

BGSP2SG1(SPSubDistrict, DMSubDistrict) = BGSP2SG.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\BGSP2SG1.gdx" BGSP2SG1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\BGSP2SG1.gdx par=BGSP2SG1 rng=BGSP2SG1!A1 Rdim=1" ;

parameters
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CASTSP2BR 1(SPSubDistrict, DMSubDistrict);

CASTSP2BR1(SPSubDistrict, DMSubDistrict) = CASTSP2BR.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\CASTSP2BR1.gdx" CASTSP2BR1

execute "gdxxrw.exe D:\Biomass PP\gdx2\CASTSP2BR1.gdx par=CASTSP2BR1 rng=CASTSP2BR1!A1

Rdim=1";

parameters

CASTSP2CH1(SPSubDistrict, DMSubDistrict);

CASTSP2CH1(SPSubDistrict, DMSubDistrict) = CASTSP2CH.I(SPSubDistrict, DMSubDistrict) ;

execute unload "D:\Biomass PP\gdx2\CASTSP2CH1.gdx" CASTSP2CH1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\CASTSP2CH1.gdx par=CASTSP2CH1 mg=CASTSP2CH1!A1

Rdim=1";

parameters

CASTSP2PP1(SPSubDistrict, DMSubDistrict);

CASTSP2PP1(SPSubDistrict, DMSubDistrict) = CASTSP2PP.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\CASTSP2PP1.gdx" CASTSP2PP1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\CASTSP2PP1.gdx par=CASTSP2PP1 rng=CASTSP2PP1!A1

Rdim=1";

parameters

CASTSP2AGF1(SPSubDistrict, DMSubDistrict);

CASTSP2AGF1(SPSubDistrict, DMSubDistrict) = CASTSP2AGF.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\CASTSP2AGF1.gdx" CASTSP2AGF1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\CASTSP2AGF1.gdx par=CASTSP2AGF1 rng=CASTSP2AGF1!A1

Rdim=1";

parameters

CARZSP2BR1(SPSubDistrict, DMSubDistrict);

CARZSP2BR1(SPSubDistrict, DMSubDistrict) = CARZSP2BR.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\CARZSP2BR1.gdx" CARZSP2BR1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\CARZSP2BR1.gdx par=CARZSP2BR1 rmg=CARZSP2BR1!A1

Rdim=1";
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parameters

CARZSP2CH1(SPSubDistrict, DMSubDistrict);

CARZSP2CH1(SPSubDistrict, DMSubDistrict) = CARZSP2CH.I(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass PP\gdx2\CARZSP2CH1.gdx" CARZSP2CH1

execute "gdxxrw.exe D:\Biomass PP\gdx2\CARZSP2CH1.gdx par=CARZSP2CH1 rng=CARZSP2CH1!A1

Rdim=1";

parameters

CARZSP2PP1(SPSubDistrict, DMSubDistrict);

CARZSP2PP1(SPSubDistrict, DMSubDistrict) = CARZSP2PP.1(SPSubDistrict, DMSubDistrict) ;

execute unload "D:\Biomass_PP\gdx2\CARZSP2PP1.gdx" CARZSP2PP1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\CARZSP2PP1.gdx par=CARZSP2PP1 rmg=CARZSP2PP1!A1

Rdim=1";

parameters

CARZSP2AGF1(SPSubDistrict, DMSubDistrict);

CARZSP2AGF1(SPSubDistrict, DMSubDistrict) = CARZSP2AGF.I(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\CARZSP2AGF1.gdx" CARZSP2AGF1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\CARZSP2AGF1.gdx par=CARZSP2AGF1 mg=CARZSP2AGF1!Al

Rdim=1";

parameters

CCSP2BRI1(SPSubDistrict, DMSubDistrict);

CCSP2BR1(SPSubDistrict, DMSubDistrict) = CCSP2BR.I(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\CCSP2BR1.gdx" CCSP2BR1

execute "gdxxrw.exe D:\Biomass PP\gdx2\CCSP2BR1.gdx par=CCSP2BR1 rng=CCSP2BR1!A1 Rdim=1" ;

parameters

CCSP2CH1(SPSubDistrict, DMSubDistrict);

CCSP2CH1(SPSubDistrict, DMSubDistrict) = CCSP2CH.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\CCSP2CH1.gdx" CCSP2CH1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\CCSP2CH1.gdx par=CCSP2CH1 rmg=CCSP2CH1!A1 Rdim=1" ;
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parameters

CCSP2PP1(SPSubDistrict, DMSubDistrict);

CCSP2PP1(SPSubDistrict, DMSubDistrict) = CCSP2PP.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\CCSP2PP1.gdx" CCSP2PP1

execute "gdxxrw.exe D:\Biomass PP\gdx2\CCSP2PP1.gdx par=CCSP2PP1 rng=CCSP2PP1!A1 Rdim=1";

parameters

CCSP2AGF1(SPSubDistrict, DMSubDistrict);

CCSP2AGF1(SPSubDistrict, DMSubDistrict) = CCSP2AGF.1(SPSubDistrict, DMSubDistrict) ;
execute unload "D:\Biomass PP\gdx2\CCSP2AGF1.gdx" CCSP2AGF1

execute "gdxxrw.exe D:\Biomass PP\gdx2\CCSP2AGF1.gdx par=CCSP2AGF1 rng=CCSP2AGF1!A1 Rdim=1";

parameters

RHSP2BR 1(SPSubDistrict, DMSubDistrict);

RHSP2BR1(SPSubDistrict, DMSubDistrict) = RHSP2BR.I(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass PP\gdx2\RHSP2BR1.gdx" RHSP2BR1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\RHSP2BR1.gdx par=RHSP2BR1 rng=RHSP2BR1!A1 Rdim=1";

parameters

RHSP2CHI1(SPSubDistrict, DMSubDistrict);

RHSP2CH1(SPSubDistrict, DMSubDistrict) = RHSP2CH.I(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\RHSP2CH1.gdx" RHSP2CHI1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\RHSP2CH1.gdx par=RHSP2CH1 rng=RHSP2CH1!A1 Rdim=1" ;

parameters

RHSP2PP1(SPSubDistrict, DMSubDistrict);

RHSP2PP1(SPSubDistrict, DMSubDistrict) = RHSP2PP.I(SPSubDistrict, DMSubDistrict) ;
execute unload "D:\Biomass_PP\gdx2\RHSP2PP1.gdx" RHSP2PP1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\RHSP2PP1.gdx par=RHSP2PP1 rng=RHSP2PP1!A1 Rdim=1" ;

parameters
RHSP2RM 1(SPSubDistrict, DMSubDistrict);
RHSP2RM 1 (SPSubDistrict, DMSubDistrict) = RHSP2RM.1(SPSubDistrict, DMSubDistrict) ;

execute unload "D:\Biomass_PP\gdx2\RHSP2RM1.gdx" RHSP2RM1
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execute "gdxxrw.exe D:\Biomass PP\gdx2\RHSP2RM1.gdx par=RHSP2RM1 rmng=RHSP2RM1!A1 Rdim=1" ;
parameters

RHSP2SG1(SPSubDistrict, DMSubDistrict);

RHSP2SG1(SPSubDistrict, DMSubDistrict) = RHSP2SG.1(SPSubDistrict, DMSubDistrict) ;

execute_unload "D:\Biomass PP\gdx2\RHSP2SG1.gdx" RHSP2SG1

execute "gdxxrw.exe D:\Biomass PP\gdx2\RHSP2SG1.gdx par=RHSP2SG1 rng=RHSP2SG1!A1 Rdim=1";

parameters

RHSP2AGF1(SPSubDistrict, DMSubDistrict);

RHSP2AGF1(SPSubDistrict, DMSubDistrict) = RHSP2AGF.1(SPSubDistrict, DMSubDistrict) ;

execute unload "D:\Biomass PP\gdx2\RHSP2AGF1.gdx" RHSP2AGF1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\RHSP2AGF1.gdx par=RHSP2AGF1 rmg=RHSP2AGF1!A1 Rdim=1"
parameters

RHSP2AF1(SPSubDistrict, DMSubDistrict);

RHSP2AF1(SPSubDistrict, DMSubDistrict) = RHSP2AF.1(SPSubDistrict, DMSubDistrict) ;

execute_unload "D:\Biomass_PP\gdx2\RHSP2AF1.gdx" RHSP2AF1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\RHSP2AF1.gdx par=RHSP2AF1 rng=RHSP2AF1!A1 Rdim=1";

parameters

RSSP2PP1(SPSubDistrict, DMSubDistrict);

RSSP2PP1(SPSubDistrict, DMSubDistrict) = RSSP2PP.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\RSSP2PP1.gdx" RSSP2PP1

execute "gdxxrw.exe D:\Biomass PP\gdx2\RSSP2PP1.gdx par=RSSP2PP1 rng=RSSP2PP1!A1 Rdim=1" ;

parameters

RSSP2AGF1(SPSubDistrict, DMSubDistrict);

RSSP2AGF1(SPSubDistrict, DMSubDistrict) = RSSP2AGF.I(SPSubDistrict, DMSubDistrict) ;
execute unload "D:\Biomass_PP\gdx2\RSSP2AGF1.gdx" RSSP2AGF1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\RSSP2AGF1.gdx par=RSSP2AGF1 rng=RSSP2AGF1!A1 Rdim=1";

parameters

RSSP2AF1(SPSubDistrict, DMSubDistrict);

RSSP2AF1(SPSubDistrict, DMSubDistrict) = RSSP2AF.1(SPSubDistrict, DMSubDistrict) ;

183



execute unload "D:\Biomass PP\gdx2\RSSP2AF1.gdx" RSSP2AF1

execute "gdxxrw.exe D:\Biomass PP\gdx2\RSSP2AF1.gdx par=RSSP2AF1 rng=RSSP2AF1!A1 Rdim=1" ;

parameters

WDSP2BR 1(SPSubDistrict, DMSubDistrict);

WDSP2BR 1(SPSubDistrict, DMSubDistrict) = WDSP2BR.I(SPSubDistrict, DMSubDistrict) ;
execute unload "D:\Biomass PP\gdx2\WDSP2BR1.gdx" WDSP2BR1

execute "gdxxrw.exe D:\Biomass PP\gdx2\WDSP2BR1.gdx par=WDSP2BR1 rng=WDSP2BR1!A1 Rdim=1" ;

parameters

WDSP2CH1(SPSubDistrict, DMSubDistrict);

WDSP2CH1(SPSubDistrict, DMSubDistrict) = WDSP2CH.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\WDSP2CH1.gdx" WDSP2CH1

execute "gdxxrw.exe D:\Biomass PP\gdx2\WDSP2CH1.gdx par=WDSP2CH1 rng=WDSP2CH1!A1 Rdim=1" ;

parameters

WDSP2PP1(SPSubDistrict, DMSubDistrict);

WDSP2PP1(SPSubDistrict, DMSubDistrict) = WDSP2PP.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\WDSP2PP1.gdx" WDSP2PP1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\WDSP2PP1.gdx par=WDSP2PP1 rng=WDSP2PP1!A1 Rdim=1" ;

parameters

WDSP2RM 1(SPSubDistrict, DMSubDistrict);

WDSP2RM1(SPSubDistrict, DMSubDistrict) = WDSP2RM.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\WDSP2RM1.gdx" WDSP2RMI1

execute "gdxxrw.exe D:\Biomass PP\gdx2\WDSP2RM1.gdx par=WDSP2RM1 rng=WDSP2RM1!A1 Rdim=1" ;

parameters

WDSP2SG1(SPSubDistrict, DMSubDistrict);

WDSP2SG1(SPSubDistrict, DMSubDistrict) = WDSP2SG.1(SPSubDistrict, DMSubDistrict) ;
execute_unload "D:\Biomass_PP\gdx2\WDSP2SG1.gdx" WDSP2SG1

execute "gdxxrw.exe D:\Biomass_PP\gdx2\WDSP2SG1.gdx par=WDSP2SG1 rng=WDSP2SG1!A1 Rdim=1" ;
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Application A Linear Programming Model for Finding The Optimal Location of
Biomass Power Plant Installation : A Case Study in Suphanburi Province

Kritsanon Sonthi. Surin Ngaemngam '

Facuity gf Elecrrical Engimeering Faculty of Engineering, Rgjamangala Universigy of Techmology, ThamaBur
38 Mool | Rangsit - Nakhon Nayok, Klong § thanyaburs, Pathum Thani

Abstrace— This paper presents the application a linsar programming model for finding the oprimal location af
biomass power installation : A case study in Suphanburi province. By create a mathematical medel to analyze the use of
biomass. Determine simulation scenarios ro guide the use of biomaszs. The cwrremt situation and the use gf remewabls

biomass together or with other users af biemass than biemass power plants, considering that shipping costs are the lowest.
In order to have enough husk for the power plant Biomass can be used rogether to reduce transport costs cwrrently used for

find the optimal location for the installation af biomass power plants in Suphanburi province.

Keywords— Mathematical model, biomasz power plant, biomass,

* Eritzanon Sonthi. Tel.: 0-86-308-1743
E-mail address: kritsanon. sonthd @ pmail com

241



11'® Eco-Energy and Materialz Science and Engineering Symposium, Phuket. Thailand, December 18-11. 2013

LINTRODUCTION

The issue of the allocation of appropmate power for
Energy shortage. Which every country 15 experiencing.
Positive economic mmpacts of electnicity generation. And
envoronmental pollutton. May be said to have been
imevitable. Because of the cwrent economic factors and
advanced technology for the manufactunng industry. And
electricity consumphion mereased. And 15 expected to
ncrease further m the future.

Suphan Bun 15 2 province with agricultural resources.
Industrial use. Biomass production and plant biomass
rather It has been an interest in using biomass to develop
and maximize the benafit: for this reason it 15 out of the
project. Analysis usmg biomass for electricity production
case study of Suphan Bun. To study the problem of raw
materials to meet the demand for biomass. The use of
biomass for electricity generatton and industrial
preduction. Including the use of biomass swmtable for
analysis by creating a mathematical model to analyze the
use of biomass for maximum benefit. Support capacity
development i the Ministry of Energy. And electicity.

1.THE THEORY INVOLVED

2.1 Theory and the applcation
programming

In creating 2 mathematical model to analyze the use of
biomass. Is defined by the model to gmde the use of
biomass. The cwrent siuation. And the use of renewable
biomass together with biomass or other types of user
groups. Biomass than the plant. Biomass by determiming
the lowest cost. Husk 15 adequate to the needs of a
biomass power plant. The results of the simmlation peniod.
The use of biomass together in a user group other
biomass. Can solve the problem of insufficient fuel to
produce electricity.

Vanable input (Parameter mput) This information
refers to the amount and ratio of vanables mrolved m the
constraint equations, which affects the amount of biomass
to the bromass, includmg the cost of ransporting biomass.
Followmg information.

1. Agnicultural products. Suphanbun 2553,

2. Biomass demand of the biomass.

3. Distance fransport of biomass to the biomass
source 1s identified Eilometers, which 15 calculated usmg
the actual distance caleulator Distance distuict level.
According to data from www.dxplace.com

4. Information related to the use of biomass in the
model below.

1} proportions to convert agricultural bromass yield
of each kind of biomass, agricultural productivity
of the agricultural economy.

The price of biomass (S / ton) from the Energy
for Environment Foundation (Mps.).

The amount of heat the biomass. (MJ/ ton) of
biomass, the amount of heat energy from the
Foundation for the Environment.

Factor the biomass of biomass. (Availability
Factor) 15 caleulated from the ratio of the amount
of bromass used per amount of biomass.

of the hnear

5
3

4
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2.2 Structure models and mathematical equations.

——  Use pament

""""" ®  Share orreplece them mith ather biomass

BM : BIOMASS
C5 : CONSUMPTION SECTOER.

Fiz.l. models the use of biomass

1. Objective function
Minimize Transportation Cost =Z'I1:SE‘2(ZH“ -BMmsez (1)
(1) Bm=rz_ = Amount of biomass to transportation of

biomass resources to users biomass.

TCSF2CS, | = Transportation Cost biomass (Baht Ton) (2)
1 = SPSubDhistmict
] = DMSubDistrict
Transportation Cost
TCSPICS, = D =i (3

Ct =Cost Transportation Bath/TonKilometre
o= Distance between hiomass sources to the use of
bromass. (Kilometre)
2. Constraint Equation
1) Supply of biomass constraint

EMSPIOM, = Amount of biomass to be delivered to the

bromass.
5PEM_ = Biomass available.

2) Demand of homass consumphon constraint

(&)

-
Lwtmu B, = DMOS gy

BMDMICS | = Amount Biomass for biomass users

DMCS = Amount Bromass to the biomass needs

PRELY
BM = Biomass
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3. SCENARIO OF THE MODEL

Situation in this model are two simations in which the
two siftuations to consider the tramsport of bliomass to
produce biomass power plant biomass are lowest.

1. Scenanio 1 iz simmlated usmg biomass present n
Suphanburi. The use of rice husk for biomass i all
groups. This situation requires the use Biomass for use as
only one tvpe of biomass power plant using rice husk 1s
used in the production of electricity is the only fuel.

2. Situation 15 simulated using two blomass power
plants. Bromass, which will require the use of biomass
together (using bomass together means 1t can replace or
biomass together with biomass type any) by considenng
the type of biomass power plant biomass and. use
Biomass to Figure 1, wlich defines the use of biomass
together. The biomass can be used together zince the fwo
species except bagasse. Be assigned to work in the sugar
mulls. Process only.

4.RESULTS OF THE SIMULATION USING
BIOMASS

The results of the simulation using blomass as a
mathematical model for the use of biomass in the cuvent
situation and the use of biomass together in Suphanbun.
In zraphical form in to the biomass. Biomass and species.
Considerning transportation costs are lowest biomass.

4.1 The rezults of the simulation using biomass
Suphanburi situation 1

L40n)

T e
1 O ik
= re B Firmrtoes
a
2w -
= = B Baguss
El =
- 200
e g Prdlact
= -
00
= Picabus  Bisartme FEREIEN
\ g ) R
N - I AN N
R B A A :
E 2 g E g 5 5
= - q - | =
i E RN HENN
i ) T 1
= & =

Usere biomass
Fig.l. simulates the biomas: Suphanburi situation 1

Figure 2 15 the result of the model to use biomass in a
situation where one shows that Biomass power plant using
nce husk in Suphanbun in electicity production totaled
928,930 tons per vear, which is the appropriate amount
sufficient to make the nce mull, rice mll plant, sugar
charcoal brck factory. Using bagasse as fuel in
production totaled 1.212 million tons of raw sugar farms.
And farmland. Total of 3,300 tons of nee straw per vear.
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4.2 Results of the simulation using biomass
Suphanburi situations 2
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Fig.}. simulates the biomas: Suphanburi situation 2

Fizure 3 15 the result of modehng the biomass share
the second siuztion, the use of biomass for biomass
power plants, rice mulls and sugar factories. Equal. The
results of the model in one simation and suggests that not
only do coal plants, which are being used. Biomass share.
But also wath the use of biomass together in a bnek
factory and 2 nee farmland to meet the needs of a biomass
power plant. For the use of biomass in the plant together.
Making charcoal 1s shown 1n Figure 4.

B Ricabude
B Woadremidus
B Casievnanllc

B Cawsrarbizoma

|0 coencoh

Figure.4, The resultz of the simulation using biomass
charcoal factory Suphanburi situation 2

Fesults from the model of the plant to coal from Figure 4

are used as biomass, nee husk, wood chips, cassava stem.
Casszava, corn stalks, nce husk 15 adequate to the needs of
a bromass power plant.
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Fig.5. Simulation of the biomass of the brick factory
Suphanburi situation 2

Results from the model of the brick-makmg plant of
Figure 5 with the use of bromass as nee husk, wood chaps,
cassava stem. Casszava, com stalks, rice husks to replace
the part. Which results in a sufficient quantity to meet the
demand of rice husk biomass power plant.

4.3 Analysis of Eesults of Operations
1. Smmulation analysis of the biomass scenano 1.
The results of the smulation using biomass in the total
biomass transport 2,931 milkon from the second approach
iz the use of biomass, the biomass Suphanbun as
appropriate.
1} Husk Biomass used m power plants to coal mall
and a brick factory.
1} Useofbagasse in sugar mills
3} Using rice straw in animal farm and agnfield
4} Com cob used in agnfield

2. Smmulation analy=1s of the blomass scenano 2.

The results of the simmlation usmg biomass together
Transportation of biomass and 2,901 oullion show that the
transport of blomass to the biomass. The results of the
smmulation 1n Figwe 4 show the use of biomass, the
biomass Suphanburi as appropriate.

13} Ricehusk Biomass used in power plants to coal mll
and a brick factory.

2} use of bagasse 1 sugar malls.

3) using nee straw in ammal farm and agrifield

4) Caszava stalk used m charcoalmaking company
brneckmaking company and agrifield.

5) Cassavarluzome 15 used in charcoalmaking
company brickmaking company and agrifiel.

5) Corn cob used in charcoalmaking company and
agnfield

T} Woodresidue used m charcoalmaking company
and brickmaking company .

The results of the simulation in the two situations are
very different from the sifuation in which no one uses the
stem of cassava. Stalks, cassava and debns, so if the
biomass combined scenario 2 resulted in biomass is
enough demand for biomass for biomass, and can reduce
transportation cost of biomass resowrces to. biomass can
be used in Suphanbur
Plant

Biomas: Power

4.4 Optimal Location of
Insztallation
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Table 1. Location (latitude-longtitude) and the

mazimum capacity of the biomasz: power plant

st paaliy fecation
Fice busk hagame ¥ y
Babpanchai 75 3458 793
Eearsan 94 3430 521
Wang Yang e 5214 3093
&0 Theng a8 35 1997
Don Ched 9 3461 2352
ki 73 3510 1417
Dan Chang 75 2765 4924
HoongMakamong 485 2765 4924
Huong Ong 1E 5461 2353

"0t (e

£, CONCLUSION

The results of the simulations will be used in the first
biomass power plant, biomass and industial demand.
Biomass of each species. Considenng the lowest cost.
Factors affecting the outcome of the model. Freight rates,
biomass bromass bromass usage factor. Biomass power
plant, biomass requirement.

The results of the simulation will be used m two
blomass power plant using biomass and biomass together.
Considering the lowest cost Factors affecting the
outcome of the model is that the transport rates of biomass
biomass biomass usage factor. Biomass power plant,
biomass requirement. And heatmg value of biomass each
Specles.

When companng the results of scenano 1 and scenario
2 shows that the use of biomass can reduce transportation
cost of biomas: together. And an appropriate approach to
solve the lack of biomass power plant, blomass and small
power plants. Blomass is very small Suphanburi.
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