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Abstract: This paper presents an iterated local search algorithm for solving a multi-criteria and multi-stage lo cation
allocation problem with an application in real case of ethanol plant in Thailand. The purpose of formulated model is to
find an o ptimal so lution fo r lo cating th e eth anol p lant fo r u tilization o f ex cess b agasses from 1 3 su gar mills an d
delivered ethanol product to 4 blending centers. Three criterions are consi dered including: (1) minimize an operat ing
cost and transportation cost, (2) minimize an environmental impact focus on gl obal warming potential (GWP) and (3)
minimize a societal risk from ethanol transportation.

1. INTRODUCTION

The severity of energy crisis was increasing since the unstoppable raising of crude oil price in global market. Several
alternative energies for vehicles were considered such as natural gas (NGV), fuel cells, hybrid energy and ethanol
blended gasoline or gasohol. Nowadays, gasohol E10, which mixed 10 percent of bio-ethanol to gasoline, is the most
popular alternative fuel for automobile user. Moreover, several car manufacturers are developing new engine which can
use a new gasohol which mixed ethanol up to 85 percent to gasoline. There are several type of material for producing
ethanol, but most of ethanol production are from agricultural or agro-industries products such as cassava, sugarcane, or
barley. The beginning of E10 production starts at farm or sugar mill. Materials were sent from their source to produce
ethanol at the plant. Then, the ethanol, a kind of hazardous material, will be transported to gasohol blending centre and
mix to gasoline.

In this research, we p resented a m ulti-criteria model to locate the bagasse ethanol plant. The aim of our multi-
criteria, m ulti-stage production system is to decide where to open ethanol pl ant. Three criterions are considered
including; (1) minimize total cost, (2) minimize an environment impact focus on global warming potential (GWPs) and,
(3) minimize a societal risk from ethanol production and transportation.

Materials N Ethanol

(Hazardous
material)

Materials source Ethanol plant Gasohol
blending centre

Figure 1. Multi-stage models for ethanol production

1.1 Literature Review

Facility location an alysis plays an im portant role in many perspectives such as selection o fthe best lo cation for
treatment plant for hazardous waste, selection the warehouse or di stribution centre in the supply chain (ReVelle and
Eiselt, 2007).

Production of E10 i s 2-echel on production sy stem whi ch similar to the two-level | ocation-routing problem for
newspapers production and delivery as Jacobsen and Madsen (1980) production system model.

Management of hazardous m aterials (HAZMAT) is the one in a little number of papers in a field of m ulti-
objective location analysis. There are more than 3,300 substances was characterized as HAZMAT; this items comprises
ignitability, flammable, corrosiveness, reactivity and toxicity. Various risk measures are used in HAZMAT papers such
as societal risk and population exposure. Societal risk is calculated by multiply the probability of HAZMAT accident
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occurrence by the consequences of that accident. On the other hand, the population exposure is the number of habitant
exposed to HAZMAT (Alumar and Kara, 2007)

Buddadee et al. (2008) conducted LCIA to quantify the global warming potentials, which is one type of simplified
index based upon radiative properties that can be used to estimate the potential future impacts of emissions of different
greenhouse gases (GHGs) upon the clim  ate system in a rela tive sense, for the utilization of the excess  bagasses
generated from sugar industry by 2 schemes. In the first scheme, excess bagasses were used as boiler’s biomass fuel for
producing high pressure st eam and subse quently generating electricity for i nternal uses. For t he second scheme, the
excess bagasses were sent to ethanol plants for ethanol production and convey ed to blending centre for produci ng
gasohol E10.

Focus on t he second schem e, there are 3 GW Ps com ponents com prise of GW Ps due t o transportation excess
bagasses from sugar mill to ethanol plant, GWPs due to ethanol production and, th e offset GWPs due to utilization of
produced ethanol as gasohol E10 fuel in gasoline vehicle.

Nanthasamroeng et al. (2008) had studied the location allocation problem for 6 ethanol plant in northeastern of
Thailand. Production and transportation framework was similar to this study. The study shown that prioritized of each
objective lead to difference of | ocations and number of pl ants opened. However, al | six potential plants in the study
were supposed by using center of gravity techniques.

Again, Nanthasamroeng et al. (2009) had improved their studied by supposed the potential plant at all 13 sugar
mills.The computational result from LINGO V.11 shown that optimal solution for ethanol plant location was io opet:
plant number 03 and 13 which would be calculated objective value 164.9 Million Baht.

Iterated local search (ILS) is a metaheuristic algorithm that have 2 main characteristics including (1) there must be
a single chain that is being followed and, (2) the search for better solutions occurs in a reduced space defined by the
output of a bl ack-box heuristic. (Lourenco et al, 1999). Moreover, Stutzle (2003) stated that ILS has a si mplicity of
implementation and state-of-art results.

The purpose ofthis study is to introduce an ILS algorithm for multi-criteria and multi-stage lo cation allo cation
problem with an application in real case of ethanol plant in Thailand.

2. RESEARCH FRAMEWORK AND METHODOLOGY

Collection of information
(real case in NE of Thailand)

Mathematical Model Heuristic Algorithm Heuristic Algorithm
Formulation Design & Development Verification

Figure 2. Research Framework

A formulation of m athematical model whi ch i mproved from Nant hasamroeng et al. (2008).Then, t he heuri stics
algorithm was designed and devel opment. After that the algorithm was verified with real data that was collected in
Northeastern of Thailand.

2.1 Data and Information Collection

The data used in this model are divided into three sets including; (1) economic data, (2) environmental data and, (3) risk
data. The economic and environmental data are calculated from several factor based on LC IA and Life Cycle Cost
(LCC) m ethod. Sources of i nformation cam e from several channels such as Truck andt  railer suppl iers, Japan
Transportation C ooperation Associ ation, Si maPro V5.1 (LCA Soft ware), Emergency R esponse Gui debook, and
government sector of Thailand. Sources of data and information were described in Table 1
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Table 1. Sources of data

Process Data & Information Source s of information |
Transporta Transportation cost - Truck and trailer supplier ;
tion Vehicle maintenance cost - Japan Transport Cooperation Association, 2004 |

Vehicle fuel cost - PTT, 2006
Truck driver cost -SimaPro V5.1 (LCA software)
Vehicle capacity - Emergency Response Guidebook, 2005
GHGs emission from vehicles - National Statistic Office, 2008
Societal risk from ethanol leakage
Ethanol Plant installation cost - Kadam,2002
production GHGs emission from ethanol production process | - Wooley et al.,1999

- Aden et al.,2002
- SimaPro V5.1(LCA software)

(Source: Adopt from Buddadee, 2008)

2.2 Data of sugar mill location and bagasses amount in Northeastern of Thailand

An existing sugar industry in the northeastern region of Thailand is chosen for illustration of this mathematical model.
There are 19 provi nces in this region with population ranges from 338,700 to 2,555,346 people (National Statistical
Office of Thailand, 2008). But, there are 13 sugar m ill located in only 7 provinces in cluding Burirum, Mukdahan
Udonthanee, Kalasin, Khonkaen, Chaiyabhum and, Nakornratchasrima as shown in Figure 3.

O Sugar mill

£ @ Blending Centre

Figure 3. Location of sugar mill and blending centre in northeastern of Thailand.

The excess bagasse is considered as the material for ethanol production in this case because of environmental issue.
Nowadays, excess bagasses were used as a fuel for electric generation which emitted 582,177 tons of CO , equivalents
per year (Buddadee et al., 2008). Based on the production year 2002-2003, the excess bagasse from each sugar mill has
been calculated in Table 2.

Table 2. Amount of excess bagasse in each sugar mill

Plant Code Factory Amoun(t’l?(:'n:);)c’:;sﬂbagasse

01 Bu rirum sugar mill 36,408

02 Sahareong sugar mill 34,150

03 Reum-Udom sugar mill 68,129

04 Kasetphon sugar mill 52,631

05 Kumpawapee sugar mill 52,303 ]
06 Khon-kaen sugar mill 87,092

07 Mitr phuwieng sugar mill 90,239

08 Roumkasettrakorn Utsahakam sugar mill 104,983

09 Utsahakamkorat sugar mill 89,330
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Plant Code Factory A'“”“E’:n‘:’;;:j; )bagasse
10 Angwean (ratchasrima) sugar mill 89,952
11 N.Y. sugar mill 61,628
12 Utsahakamnamtan-Esarn sugar mill 36,663
13 Mitrkalasin sugar mill 61,259
Total 864,406

2.3 Mathematical Model Formulation

Mathematical Model was formulated and adopt from Nanthasamroeng et al. (2008), Buddadee et al. (2007), Alumar and
Kara (2005) and Wu,T.-H. (2002)
The following indices, parameters and, decision variables are used in the mathematical model:

a.

'U;<g,,:~oow\c-§=§_@,p§§hmaq>§

POPU
POP,

EE
sC

Parameters and Decision Variables:

cost of material per unit
cost of transportation one unit of material

cost of transportation one unit of ethanol
cost of base case ethanol plant

size of base case ethanol plant

amount of material transported through link (i,j)
amount of ethanol transported through link (j,k)
amount of material available in generation node i

amount of ethanol produced in ethanol plant j

distance between material generation node and

potential ethanol plant distance between potential ethanol plant and blending centre

emission factor for the transportation of material / ethanol through link (i,j) / (j, k)

emission factor for the diesel consumption used in transportation of material / ethanol through link (i,/) / (;, k)
emission factor of chemical used in production of ethanol

emission factor due to production of diesel used in production of ethanol

emission factor of CO; due to production of ethanol

emission factor of CH,4 due to production of ethanol

emission factor of electric generation by using material as a fuel for the production of ethanol

offset emission factor of E10 for the utilization of produced ethanol as E10 fuel

offset emission factor of gasoline for the utilization of produced ethanol as E10 fuel

offset emission factor of production of conventional gasoline for the utilization of produced ethanol as E10
fuel

number of population in the bandwidth for ethanol plant ()

number of population in the bandwidth for ethanol along link (j, k)

production efficiency factor for utilization of material from biomass to ethanol

maximum number of ethanol plant

Carbon credit price

Spill compensation cost
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b. Objective Function

] xp (1)

Minimize L { + o+ ny, | + % + cc b b b

S mmy, 5500y, | HE | P Y, TS Y Tt i,
J=1 i=l J=1 i=l g k=1 j=1 ieluJ® jeluJ® keK

z Z Z(f+y+g+h+5+v+w)d!‘.’xmb+ Z Z Z(t+b)C,j’dj’.x,.jk'+ Z Z ZpC,.j’d;.x,jk')+
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K
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c. Constraints

Subject to;
J
. 24
2 MYy =0, Vi (2
J=1

1 if generation node / send material to ethanol plant j
AN Vivj 3)

0 ,otherwise

J
>y, =1 \21 (4)
Jj=1
1 ,if ethanol plant is open
g = vj 5)
0 ,otherwise
7
Dz, <N (7
j=1
K
zejkx/k :lj vj (8)
k=1
A < gn Vivj ©)
1 if ethanol plantj send ethanol to blending centre k
Xy 5 YjVk (10)
0 otherwise
K
>ix, 21 i (11)
k=1
=y Vjvk (12)

The first constraint is the mass balance constraint for material. This constraint ensures that all materials available in

generation node are adequat e for t ransportation to ethanol plant. The second and t hird constraint is indicate the 0-1

variable representing the available of material from source i to ethanol plant j. The forth constraint also indicate the 0-1

variable representing presence or absence of et hanol plant j. The fifth constraint ensured that the opened ethanol plant
will have materials supplied from any sugar mills. The sixth constraint is lim itation constraint for num ber of ethanol

plant. The seventh constraint is the mass balance constraint for ethanol. The eight constraints represent the production
efficiency of ethanol plant. The ninth and tenth constraint is indicating 0-1 variable represent the presence or absence of
ethanol delivered from ethanol plant to blending centre.
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2.4 Decoding algorithm

In this research, we use a decoding method called “R andomized Binary Selection” or RBS. RBS start with array »n
column; while n represent num ber of customer. At first step, all columns will be filled with random number 0-1. The
first column represents open criteria o f all p lants. If a n umber in the column less than number in the first column, the
number in this column will be changed to 0.On the other hands, the number in column that have higher value than the
first column will be changed to 1. In this method, 0 represent “close” and 1 represent “open”.

2) [xo TxiTxa[x3 [ xa[xs{xe! x7[xs]xo[xio]xtfxi2][x13]

.

Open - .

fisn2 Plant number
b) T

Open

criteria

0

<)

Open

criteria

Plant number

Figure 4. Illustrate of RBS algorithm

As described above, we can write pseudo-code for RBS as shown in Figure 5.

Procedure RBS
Generate 1 dimension array with n column
Random number in each column (xo-x,)
fori=1,i<ndo;
ifx, <x, thenx, =0, else = 1;
end for loop;
end

Figure 5. A Pseudo-code for RBS

2.5 Iterated local search algorithm

Iterated | ocal search was offi cially defined by Louren co, M artin and St utzle (2002). ILS consi st of 4 com ponenis
including (1) Generate initial solution (S,), (2) Perturbation that modified current solution (S*) to inception solution
(S"), (3) Local search that improve the solution to (S**) and (4) Acceptance crite rion that decide the application of
perturbation(S*). A procedural view of ILS is shown in Figure 6.

so « Generate Initial Solution ()
s" « Local Search (so)
repeat
s « Perturbation (s")
s ¢ Local Search (s)
s e Acceptance Criterion (s', s”)
until terminate criterion met

Figure 6. A Pseudo-code for ILS procedure
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We proposed 2 algorithms, ILS-SS-SBM and ILS-SS-SBMRW, to solve our MCMSLAP and compare the result
from both algorithms. The ILS-SS-SBM represents “Iterated local search with simply swap and single bit mutation” and
the ILS-SS-RW represents “Iterated local search with simply swap and single bit mutation plus random walk ™. Main
features of both algorithms are l ocal search and perturbation process. In local search process, we use simple swap

column X, to X,+ . And for perturbation process, in ILS-SS-SBM, we use single bit mutation to change “0” to

“ln

in

selected column. The ILS-SS-SBMRW was im proved to jump away from current search space if its objective value is
not improved with 5 iterations.

3. COMPUTATIONAL RESULT

Computational experiments were carried out on a Intel Core2Duo CPU 2.00GHz with 1.99GB of RAM. We compared
result from both ILS-SS-SBM and ILS-SS-SBMRW. Both algorithms were coded in Visual C++.

We test our al gorithms wi th real case dat a and de fine number of i teration from

computational result was shown in table 3.

Table 3. Comparison of computational result

100t 0 10,000 i terations. The

Iteration JLS-SS -SBM ILS-SS-SBMRW
Plant Open Objective Computational Plant Objective | Computational
Value Time (ms) Open Value Time (ms) |
100 05 11,13 2.4835e9 32 02 2.0809¢9 125
2000 4,05,13 2.4606e9 31 01,02 1.9851e9 234 N
300 Al | plants 4.3119¢9 47 02 2.0809¢9 281 |
4000 2,13 2.3209¢9 63 02 2.0809¢9 359 ‘
5000 4,05,13 2.4606€9 78 01,02 1.9851e9 406 |
1000 0 5,13 2.3688e9 94 02 2.0809¢9 656 |
1500 0 1,02,03,05,09,13 3.0008e9 140 01,02 1.9851e9 828 |
2000 0 1,03,05,09,11,13 3.0764e9 78 02 2.0809¢9 1,188 '
2500 0 4,05,13 2.4606e9 125 01,02 1.9851e9 1,297
30000 4,05,11,13 2.6335e9 78 01,02 1.9851e9 1,546
4000 0 2,04,05,06,11,13 3.0246¢e9 219 01,02 1.9851e9 2,234
50000 2,06,13 2.4947¢9 219 01,02 1.9851e9 2,437
10000 0 1,03,05,09,11,13 3.0764¢e9 375 01,02 1.9851e9 4,844
50009 7 - . 2106409 |
15019 o 2.08E+09 % & &
4.00E+09
3.50€+09 2.06E+09
3.00E+09 - *¢ * *
2.50E+09 ” . * ¢ * 2.04E+09
2.00E+09
1.50E409 - 2.02E+09
1.00E+09 2.00E4+09 1
5.00E+08
0.00E+00 T o) 1.98E+09 e _o T 2 ? hd ‘?
0 2000 4000 6000 8000 10000 12000 0 2000 4000 6000 10000 12000
a) ILS-SS-SBM b) ILS-SS-SBMRW

Figure 7. Comparison of ILS-SS-SBM and ILS-SS-SBMRW
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Abstract
This study aims to find out locations of ethanol plant which utilized bagasse from
sugar mills in northeastern of Thailand. Three objectives were involved in this
study including economics, environments and social risk. Ethanol production
framework is 2-echelon system that bagasses from sugar mill were transported to
ethanol plants and, then, ethanol was delivered to blending centre for mixing
gasohol (E10). To adjust the unit of the objective values, the environmental
objectives, measured from greenhouse gases emission (GHGs), were multiplied
by carbon credit cost and social risk, measured from population exposure at
ethanol plant and along the transportation routes, were multiplied by spill
compensation cost. Computational results shown that changing priority in each
objective contribute to number of plants which will be opened and objective value
also.
Keywords: Bagasse ethanol plant, Global warming, Location analysis, 2-echelon
production system, Multi-objective optimization

1. INTRODUCTION

The severity of energy crisis was increasing since the unstoppable raising of crude oil
price in global market. Several alternative energies for vehicles were considered such as
natural gas (NGV), fuel cells, hybrid energy and ethanol blended gasoline or gasohol.
Nowadays, gasohol E10, which mixed 10 percent of bio-ethanol to gasoline, is the most
popular alternative fuel for automobile user. Moreover, several car manufacturers are
developing new engine which can use a new gasohol which mixed ethanol up to 85 percent to
gasoline.There are several type of material for producing ethanol, but most of ethanol
production are from agricultural or agro-industries products such as cassava, sugarcane, or
barley. The beginning of E10 production starts at farm or sugar mill. Materials were sent from
their source to produce ethanol at the plant. Then, the ethanol, a kind of hazardous material,
will be transported to gasohol blending centre and mix to gasoline.

In this paper, we present a multi-objective model to locate the bagasse ethanol plant. The
aim of our multi-objective, 2-echelon production system is to decide where to open ethanol
plant. Three objectives are considered including; (1) minimize total cost, (2) minimize an

- 361 -



65

Nanthasamroeng et al.

environment impact focus on global warming potential (GWPs) and, (3) minimize a societal
risk from ethanol production and transportation.

The frame of mathematical model in this paper is shown in Fig.1

Materials \N\ Ethanol
(Hazardous
material)

Materials source Ethanol plant Gasohol
blending centre

Figure 1: Ethanol and gasohol (E10) production framework.

In the following section, existing literature will be reviewed in section 2. A proposed
mathematical model is introduced in section 3 and, in section 4, a case study of bagasse
ethanol plants in northeastern of Thailand is presented. Finally, some conclusion and
recommendation for future study are provided in section 5.

2. LITERATURE REVIEW

Facility location analysis plays an important role in many perspectives such as selection
of the best location for treatment plant for hazardous waste, selection the warehouse or
distribution centre in the supply chain (ReVelle and Eiselt, 2007).

Production of E10 is 2-echelon production system which similar to the two-level
location-routing problem for newspapers production and delivery as Jacobsen and Madsen
(1980) production system model.

Management of hazardous materials (HAZMAT) is the one in a little number of papers in
a field of multi-objective location analysis. There are more than 3,300 substances was
characterized as HAZMAT;, this items comprises ignitability, flammable, corrosiveness.
reactivity and toxicity. Various risk measures are used in HAZMAT papers such as societal
risk and population exposure. Societal risk is calculated by multiply the probability of
HAZMAT accident occurrence by the consequences of that accident. On the other hand, the
population exposure is the number of habitant exposed to HAZMAT (Alumar and Kara,2007)

Buddadee et al. (2008) conducted LCIA to quantify the global warming potentials, which
is one type of simplified index based upon radiative properties that can be used to estimate the
potential future impacts of emissions of different greenhouse gases (GHGs) upon the climate
system in a relative sense, for the utilization of the excess bagasses generated from sugar
industry by 2 schemes. In the first scheme, excess bagasses were used as boiler’s biomass fuel
for producing high pressure steam and subsequently generating electricity for internal uses.
For the second scheme, the excess bagasses were sent to ethanol plants for ethanol production
and conveyed to blending centre for producing gasohol E10.

Focus on the second scheme, there are 3 GWPs components comprise of GWPs due to
transportation excess bagasses from sugar mill to ethanol plant, GWPs due to ethanol
production and, the offset GWPs due to utilization of produced ethanol as gasohol E10 fuel in
gasoline vehicle.

Nanthasamroeng et al. (2008) had studied the location allocation problem for 6 ethanol
plant in northeastern of Thailand. Production and transportation framework was similar to this
study. The study shown that prioritized of each objective lead to difference of locations and
number of plants opened. However, all six potential plants in the study were supposed by
using center of gravity techniques. Therefore, realistic of the case could be improved by
supposed the potential plant at all 13 sugar mills.

3. MATHEMATICAL MODEL

The ethanol plant and the blending centre at certain sites require the existence of
transportation network along which the material or ethanol is transported. The nodes of this
transportation network may be a generation node, a transshipment node, a potential ethanol
plant, a potential blending centre, or a combination of any of these nodes. The mathematical
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model proposed in this paper intend to establish ethanol plant and send to blending centre
with minimization of cost, minimization of environmental impact and, minimization o
population risk. Cost of operation consists of material cost, material transportation cost,
ethanol production cost and, ethanol transportation cost. Environmental impact based on
GWPs including GWPs due to transportation material from generation node to ethanol plant,
GWPs due to ethanol production, GWPs due to transportation ethanol from the ethanol plant
to blending centre and, the offset GWP due to the utilization of gasohol E10 in vehicles.
Social risk in the proposed model comprises of population exposure due to ethanol plant and
population exposure due to ethanol transportation. It is assume in the model that the potential
sites for ethanol plants and blending centre have already been identified.

The material cost is only depends on amount of material. But, the material transportation
cost is depends on both distance from material source to ethanol plant and amount of material.
Same as the material transportation cost, the ethanol transportation cost is also depends on
both distance from ethanol plant to blending centre and amount of ethanol. The cost of
ethanol production has more complexity, it consists of the plant capital cost, the fixed
operating cost and, the variable cost which including indirect material cost and overhead cost.
However, in this paper, it is assume that cost of base case ethanol plant for all plant size is the
same. But, the effect of “economy of scale” is taken into account by substitution of the cosi
calculated for the base case ethanol plant size with the equation that recalculates the cost wiik:
the function of size using the power law type of equation for the scaling factor. (Buddadee ci
al., 2008)

The GWPs due to transportation of materials from their source to the corresponding
ethanol plant comprises of the GWPs due to exhaust pipe emission from the truck with trailer
used in the transportation and the GHGs emission due to the production of the diescl
consumed by the truck in excess transportation. These can be implied that GWPs due to
transportation of ethanol from the ethanol plant to blending centre also consists of GWPs due
to exhaust pipe emission and GHGs emission as above. The production and transportation of
ethanol poses some risk to the population. This paper uses population exposure as a
representative of social risk measure.

The following indices, parameters and, decision variables are used in the mathematicai
model:

Parameters:
cost of material per unit
cost of transportation one unit of material
cost of transportation one unit of ethanol
cost of base case ethanol plant
size of base case ethanol plant
njj amount of material transported through link (7))
ek amount of ethanol transported through link (j, k)
amount of material available in generation node i
amount of ethanol produced in ethanol plant ;
distance between material generation node and potential ethanol plant
distance between potential ethanol plant and blending centre
emission factor for the transportation of material / ethanol through link (i,)) / (j, k)
emission factor for the diesel consumption used in transportation of material / ethanol
through link (i,j) / (k)
emission factor of chemical used in production of ethanol
emission factor due to production of diesel used in production of ethanol
emission factor of CO; due to production of ethanol
emission factor of CH4 due to production of ethanol
emission factor of electric generation by using material as a fuel for the production of
ethanol
offset emission factor of E10 for the utilization of produced ethanol as E10 fuel
w offset emission factor of gasoline for the utilization of produced ethanol as E10 fuel
)4 offset emission factor of production of conventional gasoline for the utilization of
produced ethanol as E10 fuel
POPU; number of population in the bandwidth for ethanol plant (;)
POPjy  number of population in the bandwidth for ethanol along link (j,k)
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¢ production efficiency factor for utilization of material from biomass to ethanol
N maximum number of ethanol plant
M maximum number of blending centre

1) Economic objectives
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& <, Vivj ®)

1 if ethanol plant j sends ethanol to blending centre &

Y VjiVk )
0 otherwise
) L X vj (10)
k=1
2= X5 VjVk (1)

1 if blending center £ is open
= {

Vk (12)
0 otherwise
X, =) VjVk (13)
K
Yo, <M (14)

The first constraint is the mass balance constraint for material. This constraint ensures
that all materials available in generation node are adequate for transportation to ethanol plant
The second and third constraint is indicate the 0-1 variable representing the available of
material from source i to ethanol plant j. The forth constraint also indicate the 0-1 variable
representing presence or absence of ethanol plant j. The fifth constraint ensured that the
opened ethanol plant will have materials supplied from any sugar mills. The sixth constraint i
limitation constraint for number of ethanol plant. The seventh constraint is the mass balance
constraint for ethanol. The eight constraints represent the production efficiency of ethanol
plant. The ninth and tenth constraint is indicating 0-1 variable represent the presence or
absence of ethanol delivered from ethanol plant to blending centre. The eleventh constraint
also limits ethanol from one ethanol plant to one blending centre. The twelfth constraini is
indicates the 0-1 variable representing the presence or absence of blending centre. The
thirteenth constraint limits ethanol from one plant to one blending centre respectively. Last,
the fourteenth constraint is limitation constraint for number of blending centre.

4. APPLICATION IN THE NORTHEASTERN OF THAILAND

An existing sugar industry in the northeastern region of Thailand is chosen for
illustration of this mathematical model. There are 19 provinces in this region with population
ranges from 338,700 to 2,555,346 people (National Statistical Office of Thailand, 2008). But,
there are 13 sugar mill located in only 7 provinces including Burirum, Mukdahan,
Udonthanee, Kalasin, Khonkaen, Chaiyabhum and, Nakornratchasrima. The excess bagasse is
considered as the material for ethanol production in this case because of environmental issue.
Nowadays, excess bagasses were used as a fuel for electric generation which emitted 582,177
tons of CO2 equivalents per year (Buddadee et al., 2008). Based on the production year
2002-2003, the excess bagasse from each sugar mill has been calculated in Table 1.

Location of all 13 sugar mills and 4 blending centre can be defined by application of
ArcView GIS software version 3.2 and are shown in Figure 2. The data used in this model are
divided into three sets including; (1) economic data, (2) environmental data and, (3) risk data.
The economic and environmental data are calculated from several factor based on LCIA and
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Life Cycle Cost (LCC) method. Sources of information came from several channels such as
Truck and trailer suppliers, Japan Transportation Cooperation Association, SimaPro V5.1
(LCA Software), Emergency Response Guidebook, and government sector of Thailand.

Table 1: Amount of excess bagasse in each sugar mill [5]

Amount of Amount of
Plant excess Plant excess
Factory Factory
Code bagasse Code bagasse
(Tons/year) (Tons/year)
01 08 Roumkasettrakorn
Burirum sugar mill 36,408 104,983
Utsahakam sugar mill
02 | Sahareong sugar mill 34,150 09 Utsahakamkorat sugar mill 89,330
03 10 Angwean (ratchasrima)
Reum-Udom sugar mill 68,129 89,952
sugar mill
04 | Kasetphon sugar mill 52,631 11 N.Y. sugar mill 61,628 |
05 | Kumpawapee sugar 12 Utsahakamnamtan-Esarn
52,303 36,663
mill sugar mill
06 | Khon-kaen sugar mill 87,092 13 Mitrkalasin sugar mill 61,259

07 | Mitrphuwieng sugar
i 90,239 Total 864,406
mi

o] O Sugarma
@ Blending Centre

Figure 3: Location of sugar mill and blending centre in northeastern of Thailand.

For the risk data, we take the population exposure bandwidth as 800m in all direction
along the distance from the potential ethanol plant to blending centre. This bandwidth is
specified in the Emergency Response Guidebook for flammable liquid (Brown et al. , 2005).
The population exposure data is calculated by multiply the area of bandwidth to the average
population density along the distance. It is assumed that population is uniformly distributed
within the province. With all data and parameters described, this model was solved using
LINGOI11 on a 2.20GHz Pentium Dual E2200 computer with 896 MB of RAM. However, we
adjusted the unit of objective value, especially in environments and social risk, to the same
unit of economics objective. For environments objective which measured global warming
potential from GHGs emission, we use the estimate carbon credit price at EUA market at 7
July 2008 to multiply with GHGs emission from ethanol production and transportation. For
social risk, we took spill compensation from official daily wage as ministry of labor
announcement at 1 June 2008.
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Thirteen cases were considered by varying the weight in each objective. Case | was
uniformly weight of economics, environment and, social risk. Case 2 was increases priority
for economic objective (50%) and decreases other objectives. Case 3 was still focus on
economics objective by weight 67% to economics, 16.5% to environment and, 16.5% to
social risk. Case 4 was still focus on economics objective by weight 84% to economics, 87 to
environment and, 8% to social risk. Case 5 is only focus on economics objective. Case 6 was
increases priority for environments objective (50%) and decreases other objectives. Case 7
was still focus on environments objective by weight 67% to environments, 16.5% to
economics and, 16.5% to social risk. Case 8 was still focus on environments objective by
weight 84% to environments, 8% to economics and, 8% to social risk. Case 9 is only focus on
environments objective. Case 10 was changed the 1 priority to social risk by weighted 50%
and increasing to 67%, 84% and 100% in case 11, 12 and 13 respectively. Potential ethanol
plants in all 13 cases were forced to be opened at least one plant. The opened ethanol plants
have to send their ethanol to at least one blending centre.

Table 2: Optimum location of ethanol plant and their cost.

Priority Objective value
Case Plant to be opened
Econ Envi Risk (Million Baht)

1 33% 33% 33% 08, 13 164.9
2 50% 25% 25% 07,10 74.7
3 67% 16.5% 16.5% 02,03, 04 53.7
4 84% 8% 8% 02,04 37.1

5 100% 0% 0% 02,08 12.8
6 25% 50% 25% 07,10 5245
g 16.5% 67% 16.5% 02,07, 13 61.0
8 8% 84% 8% 02,04 70.6
9 0% 100% 0% 02, 04, 06, 08 752
10 25% 25% 50% 03,07, 10 467.9
11 16.5% 16.5% 67% 01,02,08 435.2
12 8% 8% 84% 01,03,07, 13 509.2
13 0% 0% 100% 05 148.9

Surface Plot of Objective Value vs Environments, Social Risk  Surface Plot of Objective Value vs Socla Risk, Economics  Surface Plotof O ctive Value vs

Figure 4: Surface Plot of objective value vs each objective.

By varying weight between three objectives, the result is dissimilar according to weight
applied. Minimum objective value was shown in case 9 with prioritized 100% environments
objective. The main reason of the lowest objective value came from benefit of carbon credit
trading as Clean Development Mechanism (CDM) policy.
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5. CONCLUSION AND RECOMMENDATION

The multi-objective model in this paper is combination of the serial, 2-echelon
production system and location analysis. Three objectives is considered consist of economic
objective, environmental objective and, social risk objective. Location analysis for excesses
bagasses from sugar industry in Northeastern of Thailand is considered. The LCIA and L.CC
procedure implemented in this case to define the constant in objective function and
constraints. For social risk, we assume population exposure bandwidth by applied the
Emergency Response Guidebook for flammable liquid along the route of transportation
ethanol from decided location to optimal blending centre. Thirteen cases in various weight
proportions between economics, environmental and, social risk are solved with LINGO11.
The optimal solution of each case was different. In the future research, this model should be
applied to be a multi-objective location-routing problem. Moreover, the model could be
improved for several productions planning due to proportion of utilized bagasse for generate
electricity and ethanol production.
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Abstract

This paper presents a bi-objective model which is used to select location to
establish ethanol plant among all candidates and transport ethanol to suitable
blending center. This study aims to select appropriate cassava-flour plant(s) to
operate as the ethanol plant which uses cassava residue as raw material. All
ethanol which is produced from opened ethanol plant will be trasport to
appropriate existing blending center. Two objectives are considered: (1) minimize
an operating cost and transportation cost and (2) minimize a societal risk from
ethanol transportation and locating. An implementation of the model in the
northeastern region of Thailand is presented.

Keywords: Ethanol plant; Location analysis; Multi-echelon location; bi-objective
model

1. INTRODUCTION

Global warming is the increase in the average measured temperature of the Earth's.
The average global air temperature near the Earth's surface increased 0.74 + 0.18 °C during
the 100 years. Increasing global temperature is expected to cause sea levels to raise, an
increase in the intensity of extreme weather events, and significant changes to the amount and
pattern of precipitation, likely leading to an expanse of tropical areas and increased pace of
desertification. Other expected effects of global warming include changes in agricultural
yields, modifications of trade routes, glacier retreat, mass species extinctions and increases in
the ranges of disease vectors.

In the most recent year, the world faced two major problems which are climate changed
and the oil crisis. These problems not only affect the environment but also cause the changing
of transportation and logistics planning. For oil crisis, using alternative energy for vehicle is
one of possible solution. Nowadays, gasohol E10, which mixed 10 percent of bio-ethanol to
gasoline, is the most popular alternative fuel for automobile user. Moreover, several car
manufacturers are developing new engine which can use a new gasohol which mixed ethanol
up to 85 percent to gasoline.

There are several type of material for producing ethanol, but most of ethanol production
are from agricultural or agro-industries products such as cassava, sugarcane, and barley. Once,
E10 starts a production line at a cassava field or cassava-flour plant (use residue of the
cassava). The Materials were sent from their source to produce ethanol at the plant. Then, the
ethanol, a kind of hazardous material, will be transported to gasohol blending center and mix
to gasoline.

In this paper, we present a bi-objective model to locate the ethanol plant and transport
both material and ethanol along the link of transportation route. The aim of our model is to
decide where to open ethanol plant and the gasohol blending center. Two objectives are
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considered including; (1) minimize total cost, (2) minimize a societal risk from ethanol

locating the ethanol plant and the transportation of ethanol to blending center. The frame of
mathematical model in this paper is shown in Fig.1

Materials W Ethanol
(Hazardous
material)

Materials source Ethanol plant Gasohol
blending centre

Figure 1: Ethanol and gasohol (E10) production framework.

In the following section, existing literature will be reviewed in section 2. A proposed
mathematical model is introduced in section 3 and, in section 4, implementation of ethanol
production from residue of the cassava in the northeastern of Thailand is presented. Finally,
some conclusion and recommendation for future study are provided in section 5.

2. LITERATURE REVIEW

Facility location problem is the problem which determines the most appropriate location
to locate the distribution center, warehouse or production plant. ReVelle and Eiselt [1] siad
that facility location problem composes of four components of location problem including; (1)
customer who are already located at points or on the routes, (2) facilities that will be located,
(3) a space where customers and facility located, and (4) a metric that indicates distances or
times between customers and facilities. Normally facility location problem has been study in
single objective. Buncha et al. [5] present multi objective model to locate the ethanol plant
which is produced from bagasses. These two objectives which are interested in [5] are
environment impact and the transportation cost. In this research, raw material used has been
changed from bargasse to cassava residue. The Risk of population that can be effected when
ethanol plant exposed, is considered. Moreover, we take into account the risk of people thai
living along the transportation route of the ethanol to blending center.

3. MATHEMATICAL MODEL

The model formulated has two objectives which are economic and social risk. The
economic objective composes of four parts. First part is the cost corresponds to the material
cost of the cassava residue delivered from cassava-flour plant to the ethanol plant. The second
term is the transportation cost from the cassava-power plant to the opened ethanol plant. Third
cost term is the locating cost of the ethanol plant. In this model we did not consider the fixed
cost of the blending center because blending center already exists. The fourth cost component
is the cost reflected the transportation cost of the ethanol from opened ethanol plant to
selected blending center.

The second objective is to minimize the social risk composed of two cost term which is
multiplied to cost of risk per unit. The first cost is risk from transport ethanol to blending
center and second term is risk of people who are living around selected ethanol plant.

The following indices, parameters and, decision variables are used in the mathematical
model:

Parameters:

/1 number of cassava-flour plant. ; k number of existing blending center.

J number of candidate ethanol plant. ;, m  cost of material per unit

0 cost of transportation one unit of material g a cost of transportation one unit of eth
anol

(6 cost of base case ethanol plant ;s size of base case ethanol plant

n;;  amount of material transported through link (i) ; €j amount of ethanol transported through
link (j,k)

0 amount of material available in generation node i ; N maximum number of ethanol plant

A;  amount of ethanol produced in ethanol plant N d,-j distance between material generation
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node and potential ethanol plant
rjx  distance between potential ethanol plant and ;' M maximum number of blending center
blending center
¢ production efficiency factor for utilization of material from biomass to ethanol
POPy number of population in the bandwidth for ethanol along link (k)
POPU; number of population in the bandwidth for ethanol plant (5)

1) Economic objectives

Sl g ke / . U
. . . J=l 1=
Minimize = D > mn,y,+ 3.3 6d,m,y, + =————| + 3}

I ] j=1 i=1 S k=1 j=I

2) Social risk objectives

K . J
Minimize ~ » ) POP,e, + » POPz, subjectto

k=1 j=I J=1
J Vi 1
dny, =o, (D
J=1
1if generation node i send material to ethanol plant j Vivj 2)
Y = -
0 otherwise
J Vi 3
3y, =1 3)
J=1
1if ethanol plant j is open Vj 4)
Z .
710 otherwise
Vivj (5)
2 =Yy
i
Zz ;SN )
=
K / vj (7)
Z €uXix = Z m,y,
k=1 i=1
1if ethanol plant jsend ethanol to blending centre k VjVk 8)
X =
%10 otherwise
K vj )
2% =1
k=1
VjVk (10)
25 =%
1if blending center k is open Vk (11
K = .
0 otherwise
VjVk (12)
Xy =0,
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X 3)
Zw,‘ <M (13)
k=1

The first constraint is the mass balance constraint for material. This constraint ensures
that all materials available in generation node are adequate for transportation to ethanol plant.
The second constraint is indicate the 0-1 variable whether it has shipping between location i
and the ethanol plantj. The third constraint force node i to send the material to ethanol plant
exactly one time. Constraint (9) use the same idea as (3) but for the shipping between node j
and k.  The forth constraint indicate the binary behavior of open or close potential ethanol
plant while (11) use to determine the appropriate blending center to the selected ethanol plant.
The (5) and (10) constraint ensures that the shipping in and out (respectively) can happen only
with the opened ethanol plant while (12) ensure the shipping in of the ethanol to opened
blending center. The sixth constraint is used to control the maximum number of ethanol
plant the same is applied to (13) which use to control the maximum number of blending
center that can be opened. (7) is mass balance constraint between the ethanol that can be
produced from ethanol plant j and the amount of shipping out to blending .

4. APPLICATION IN THE NORTHEASTERN OF THAILAND

There are 26 cassava-flour plants in north eastern of Thailand. Each plant has cassava
residue which can be used as raw material of ethanol production plant. Table 1 show the
amount of cassava residue produced from each plant.

There are 26 nodes represent location of cassava-flour plants, 4 nodes represent location
of blending center. The node information is shown in Table 2. The factory code that start with
E is the cassava-power plant (also be candidates to build ethanol factory) and the one which
start with B represents blending center. Location of all cassava-flour plants and blending
center can be defined by application of ArcView GIS software version 3.2 and are shown in
Figure 2.

The data used in this model are divided into two sets including; (1) economic data and
(2) risk data. The economic data are calculated from several factor based on LCIA and Life
Cycle Cost (LCC) method [5]. We conclude sources of all information detail in Table 4
For the risk data, we take the population exposure bandwidth as 800 meters in all direction
along the distance from the potential ethanol plant to blending center. This bandwidth is
specified in the Emergency Response Guidebook for flammable liquid [8]. The population
exposure data is calculated by multiply the area of bandwidth to the average population
density along the distance. It is assumed that population is uniformly distributed within the
province. This model is solved by LINGO version 11 on a 1400 MHz Pentium M computer
with 496 MB RAM.

However, we adjusted the unit of objective value, social risk, to the same unit of
economics objective. For social risk, we took spill compensation from official daily wage as
ministry of labor announcement at 1 June 2008. Eleven cases were considered by varying the
weight of two objectives from 1.0 and 0.0 and from 0.0 to 1.0 in step of 0.1.

Potential ethanol plants in all 11 cases were forced to be opened at least one plant. The
opened ethanol plants have to send their ethanol to at least one blending center.

Table 3 summarizes optimal locations of ethanol plant among 26 potential candidates.
Plant code shown in Table 3 is referred to Table 1 in detail. 10 out of 11 cases generate the
same solution (E11 is opened as ethanol plant) and have the same cost. The first case is only
one solution that can find different opened ethanol plant (E02). Figure 3 shows the different
distribution mode of both optimal solutions. All cases blending center number 2 (B02) is the
only one blending center that appropriate for opened location.

5. CONCLUSION AND RECOMMENDATION
The bi-objective model in this paper is combination 2-echelon production system and
location analysis. Two objectives is considered consisted of economic objective, and social

risk objective. Location analysis for cassava residue from cassava-flour plant in Northeastern
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of Thailand is considered. For social risk, we assume population exposure bandwidth by
applied the Emergency Response Guidebook (Brown et al., 2005) for flammable liquid along
the route of transportation ethanol from decided location to optimal blending center. From the
result shown in Section 4, in first case E11 is selected to be ethanol plant because in this case
all cost represents the transportation and material cost of the material delivered to ethanol
plant and from ethanol plant to blending center. We can see clearly from Figure 3(b) that K11
is the one which has lowest transportation cost. The remaining cases, the solution try to avoid
risk from locating the ethanol plant close to high population density area. In the future
research, the environment objectives need to be added in the model to utilize this model to
reduce the global warming crisis.

Table 1: Amount of cassava residue produced from each cassava-flour plant.

| Amount of cassava residue L Amount of cassava residue
(Tons/day) (Tons/year)
EO1 100 E 14 50
E02 82.5 E15 75 a
E03 150 E 16 375 -
E04 100 E 17 95
E 05 75 E 18 150 |
E 06 125 E 19 100
E 07 125 E 20 125
E 08 50 E 21 200
E 09 475 E 22 25
E 10 25 E 23 75
E 1l 50 E 24 135 »
E12 135 EMS 275
Efl3 250 E 26 175
total 3297.5

Figure 2: Location of cassava-flour plant and blending center in northeastern of Thailand.
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Factory code X Y Factory code X X

EO1 1152.038 1673.533 E 16 8651766 | 1597.308
E02 799.1603 1743.087 i 829.5003 | 1647.33
E03 911.3828 1701.56 E 18 8703426 | 1596.949
E04 864.5488 1628.033 E 19 935.0706 | 1770.544
E 05 790.3184 1639.16 E 20 1110692 | 1635.086

E 06 785.0298 1671.318 E 21 1104892 | 1849.031
E 07 814.4977 1653.742 E 22 997.6155 | 1837.675

E 08 789.9572 1651.678 E 23 1014176 | 1849.031
E 09 858.4988 1633.198 E 24 879.7849 | 159861

E 10 780.2028 1641.849 E 25 936.4849 | 1861.54

E 11 838.5298 1651.472 E 26 1017.215 | 1847.659

B 12 879.8105 1598.416 B 01 1126977 | 1688.356 |
e 862.737 1627.286 B 02 8354756 | 1655761
E 14 866.8005 1679.411 B 03 9027053 | 1924.857 |
E 15 840.5833 1649.706 B 04 906.3682 | 1809.792 |

Table 3: Optimal location of ethanol plant.

Plant to be opened Objective value (Million Baht)
Case
Econ Risk Opened location | Appropriate blending center
1 1.0 0.0 Ell B02
2 0.9 0.1 E02 B02
3 0.8 0.2 E02 B02
4 0.7 0.3 E02 B02
5 0.6 0.4 E02 B02
6 0.5 0.5 E02 B02
7 0.4 0.6 E02 B02
8 03 0.7 E02 B02
9 0.2 0.8 E02 B02
10 0.1 0.9 E02 B02
11 0.0 1.0 E02 B02
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Table 4: Information of economics, and risk used in the model.

Process Information Sources
Transportation -Transportation cost -Truck and trailer suppliers
-Vehicles maintenance cost - Japan Transportation Cooperation Association, 2004 |
-Dimension of truck’s cabin - PTT, 2006
-Population exposure and risk - Emergency Response Guidebook, 2005
-Spill compensation - National Statistical Office of Thailand, 2008

-Ministry of Labor, 2008

Ethanol -Lignocellulosic biomass to ethanol -Kadam,2002
production process utilizing co-current dilute acid -Wooley et al., 1999

prehydrolysis and enzymatic hydrolysis -Aden et al.,2002

Figure 3 shows the solution represent the optimal solution which E 02(a) or E11 (b)
is the optimal location.
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Abstract

The aim of this study was to find out locations for ethanol plants which utilize bagasse from the sugar
industries in northeastern Thailand as raw material. Thrce objectives were determined in this study including
economic, environmental and social objectives. This study was delineated as a multi-stage location problem.
Firstly, bagasse was delivered from a sugar mill to the ethanol plant, then ethanol was transported to a blending
centre and mixed to be gasohol (E10) for vehicles. From the computational results, the weighting factor in each
objective function significantly affects both the number of opened ethanol plants and objective value. Moreover,
the study results show that Kumpawapee sugar mill at Udonthani was a potential ethanol plant due to its

93.33% opening rate, while changing weight factors in 15 cases.
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i JEXERIY a0 YSmanindes (Fuaoil)
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3 864,406

(W11 Buddadee ttazane, 2007)

MmN 2. Yeyad s geans, duneden tazanudsadunnulasasoildnsdadule

AIZUIUMS Yoy unasdoyo

RELAIT Aunuatvuds - Truck and trailer supplier
AunumzsiigasuwInug - Japan Transport Cooperation
ﬁ'uvlun'niyﬁmifamﬁﬁhﬁums Association, 2004
YU - PTT, 2006
aunumdaminauduse -SimaPro V5.1 (LCA software)
uummmwmmmmﬂﬁ‘lﬂu - Emergency Response Guidebook,
MIVUAY 2005
Yhinufmieunszeniidaaddes - dninauadfurmna, 2008
penvinunmmuzlunsvuds
anuidvadunaunlasasy

msadelssundaie Augulumiadialsanu - Kadam,2002

nuea mnasldssmandeunszanein - Wooley et al.,1999

ATLUIUMIHAAONIUDD

- Aden et al.,2002

- SimaPro V5.1(LCA software)

(Mw1: YF11)1990 Buddadee uazauiz, 2007)
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