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Abstract

Many countries, nowadays, had established industrial estates with an aim to operate industrial activities and
support the growing industrial sector. In addition, an increasing trend of new industrial estates is arising to support
economics and business expansion. However, studies that focus on factory location for industrial estates are
scarce. In addition, existing studies only cover the cost criterion. In this study, we propose the Mixed-Integer Linear
Programming ( MILP) model to determine the location of factory plants in an industrial estate with
a focus on the risk-cost criterion. The model classifies two types of industrial plants, which are hazardous-material
factory and general-type factory. In order to incorporate the safety factor, the model considers the risk and severity
in an emergency case simulated using the Areal Locations of Hazardous Atmospheres (ALOHA) program. The
simulation results are used as input for the developed MILP model. The results with the minimum risk cost at
47,970,000 Baht show that location of most industrial plants are located at the outer area of the industrial estate.
These locations are scatteringly located around the boarder of industrial estate, given a consideration of the high-
risk areas in an emergency situation. Although there are a few areas of high risk chosen for plant assignments,
these areas are relatively small in size, allowing minimal impact. The integrated mathematical and simulation
model in this research can be further used as a tool to support design decisions for other industrial locational

studies.
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ALy X 91n9a8198eqais uduaudasiumieiidauy

WU Tsunuaae ;) Lazszesniemuiulny y 990

Y a = o ©oal

A DIVALTUAUIUD IA WAL A SUUUNUE I SN UA 28

] (]

o
(Y

d, vesurazdundanasle deazvilinsuiunisves
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-m(1-B,)<(d} -X;) ; VieP,vkeG @

(d=X;)<m(1-B,); VieP,vkeG ()
-m(1-B,)<(d) -X;) ; VieP,vkeG (6
(d? -Y;)<m(1-B,); VieP,vkeG (7
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3.4.3 gun159a91invesszezvireeiignssnitlzeey
gAd1MNI5U (Separation-distance constraints for
minimum condition)
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gnavinssuialy lddauandluoaunsd (9) - (13)
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X, =X )=Y; =Y, )=
( j) (TX IDI) TX_ID_2 TX_ID_2 (10)
d7-°SERT-"°- - (m(1-SERT "))
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1] [} ij
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bl ] ij
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SEP™-"-* > 1;Vie P™ VjeP®
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3.4.4 aunsdadrinvesssesvinuIniignszninelseeu

gAd1MN35U (Separation-distance constraints for

maximum condition)
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X}
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v
@
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(X=X (n=v)smiot )
eP™ vjeP®

(X=X )+ (Y=Y ) m="
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—(X;+ X, )+ (Y, =Y, ) < mff-P-F -
Vie PTX,Vj eP®

—(X X)) = (YY) =m0 g

VieP™,VjeP®

mi'I')J_<_ID_1+mT)_(_ID_2+mi'I')J_<_ID_3+
‘ (19)
mTX ID_4 >1 : ViEPTX,VjEP”J

1]

3.4.5qun150 0910 A Y09 YaUTLINN VDI IYT
(Variable-type Constraint)
aun1seulvdiuaariemrunanvusveiiul Ly

luaunsLazeaNnIs 7 (20)-(23)

B €{01 ;V,, (20)

X, 20 v, (21)

Yo 20 v, (22)
SER™-P-12%% ¢ {01} ;V, | (23)

2021, pp.81-93 88



NUEJ

Naresuan University
Engineering Journal

4. Nan15938uazn1saAUIIENa

4.1 nsaldnw1vesilpsgaavinsss

Taugnavnssufandunmsfnulunuided asegly

funin1angJusanvesUseinalng lnsdaugnamnssuay

v
(Y 1Y)

adlnanuauuven ledidunisdmiuduagzeanainiay
gaamnssy Jefinisivuadu 2 @umng Aodunisusn
agmsuiianz Jusenidedds IWumadmandafiafuauu
dundn wavidunnsfiaesegniainuiiang Juanduniad
seedainiuauuguuu Neil nelulinugnamnssuagi
[ S RV ' ° LA .
nswUsiuidudndiuouinsig 9 91uam 61 Wuil (grids)

Aauandlugun 4

G50
GS1 G52 GS3

re G54
G55 Gs6 Ggs57 658 Gse G61

G60
G41 Gaz
G45 Gas  G47 Gag

-ﬁ Gaa e

, S

Gao

G39
G29 G30 G31 G32 G33 G34 G35 G36 |G37 G3s

G20 G23 G27

JUN 4 uanaunudsatgaavnssulngulanuinunia

vatl Uszianvedlssnugnaivnssugnitansanlvidngs
Tuunlanvualivuusudsdasdvuauanaieiy g
lafruAIANLN YIRS lulANEAaINNTIN WU

& 9 1% - -
290U 3 SEAU WWN“U@;JUaV]LLaWQIUWTTJ'NV] 1

A13197 1 Lan9TI8aziBentayaveivuIniun szeeving wagiunu

Yoalssnuaazlseinm

Uszam | auediud FuuAMIAEY | Szging
yosiuil (m3.2) (um) FEWIN
BSA (2019) | Thai Appraisal Tseu
(2018) (ums)
YUALEn Tpani fp8n31 39,000,000  weuni
5,000 340

M15199 1 (D)

YUIANUT

Uszinm FunuAdEY | SEEging
yosiiui (GEEY) (um) FENIN
BSA (2019) Thai Appraisal Tse91u
(2018) (uns)
Yualng) 11NN 110N 110N 681
10,000 78,000,000

NToyatun1Ieg 411150911 5UU SV UIRYR IR U
(Area Type) muwnuiwedaugnavnssulaidu 3 vue
AoMuftvuadn fuflvuinnans LLa:ﬁyuﬁsummMzg R
ANMALANANYD VAT AWANUAUYUNIAIUAIY

a wva

dedlunsdiiinguAssuiomnnisaiandu Tay dewald
91A15veslsanugaavnssinaadsmeluszdud
umneinaifu et lun1sAnuiluemidded 1dsraosmsiads
Tssnuusazysziandunusidu 20 1599 Faszananis
nduulsanuiivsznevAanisluiiaugnamnssaly

Jaqdu

4.2 wuan1smAinngn

Jademadudunuiuanudsminunanidu 4e
thunlfununsiasananulasadsfthuiiansanly
nadendunisdmsudslssnugeavnsaaluandey
gnamnauluuided IR NG REPRHIE IV HRTRR
IswmqmawmmﬁawLﬁﬂ“’fumﬂmﬂﬁmmgmﬁu B
yarnndemefiinduannsofinsanldanloniad
Iiﬂﬂ’mq(51221’1‘1/1ﬂiim?llQﬂaaﬂLLUUIﬁﬁgﬂmwfazﬂ%ﬂ?USE.%Jﬁﬁ
sedvarudsduusiasiuiidloinmgandud s
anutazdulugag 0-1 iefinrsanisneliiAnaau
domedenisndlssnugaamnssilufiuiidu q

isid lumsuanawaanmssziintiy ausoshassiad
NISWNINTEIBVBIAIUTURTIIETUTWNTYU ALOHA lddta
wansluguil 5 Fanuiufloinmnaniduudy asinnis
WHINTEANedEiuvesIiuIINNITIEInvesinglalasda
d (H,9) Tmeanunsauvseenlalu 2 svdu Ae s¥AU
ANRUFIgALYINAY 3.5 psi (24.2 kPa) § silmanuiy
dunTesnlagunumedydnualidununseunegluguied

WAZIEAUANINEEAINNTTIELTN 1.0 psi (6.9 kPa) B4

Naresuan University Engineering Journal, Vol .16, No.Z, Jan-June 2021, pp.81-93 89



NUEJ

Naresuan University
Engineering Journal
L3

fanududunsietosnin lnsunualedydnwaliuil

2NaulEuly

~
Gag N
N

2 Note: 3 Toxic plant : ’
~ @ General industrial

Z
———————

JUN 5 wansunuiensdanslsanuiliaugnamnssy

798 TunsmameuanilandutvuneNaesanis tae

Y

Mvualiyaranudemensaliinmnandulvidioy
fian lnsfiarsanszduainud osluwsazi uiiftons
nelmAnAudemeiuiunuedlsuanaImngsy tng
Tdnouameaswan (Laptop) i5-8250U CPU @ 3.4 GHz
and 8.0 GB of RAM luUsunsu AMPL wagl¥ CPLEX Solver
neftu 12.9.0 Tumsfumenou wuhamsauansuald

AILAAII LRI 2

= = ' a A a & A a
N13199N 2 LEANTIYASIDUAYAATAIULAIUIENBIANATUNTULNA

LRGN

159910 lonma | duyuvedlssny | yaA1Ay

gavNTTY/ | dulaeun | gnamngsu deveus
(n3m) s (um) aznan (VM)

P1 (G51) 0 24,375,000 0

P2 (G50) 0 24,375,000 0

P3 (G53) 0 24,375,000 0

P4 (G52) 0 24,375,000 0

P5 (G57) 0 24,375,000 0

P6 (G61) 0 18,281,250 0

P7 (G56) 0 24,375,000 0

P8 (G54) 0 24,375,000 0

P9 (G55) 0 24,375,000 0

A15199 2 (0)

159970 lonia | duyuvedsany | yaA1Ay
guamnsy/ | dudaeu | geamnssy Feoymeous
(n3n) e (L) aznsn (Um)
P10 (G58) 0 24,375,000 0
P11 (G59) 0 24,375,000 0
P12 (G60) 0 29,250,000 0
P13 (G45) 0.24 21,937,500 5,265,000
P14 (G49) 0.24 29,250,000 7,020,000
P15 (G39) 0.24 29,250,000 7,020,000
P16 (G17) 0.39 14,625,000 5,703,750
P17 (G16) 0.39 14,625,000 5,703,750
P18 (G15) 0.39 14,625,000 5,703,750
P19 (G14) 0.39 14,625,000 5,703,750
P20 (G2) 0.24 24,375,000 5,850,000

fiall mansiasginuidnuasmumisoinsingg
Aunslssnugaamnssilulwailaugnaivinssudiulvg
gnidonlieg usiamd uil duluvesdaugnainnsy
(i osannidushuvi s og uonvoulvmveasmfli lasu
wansenuldiun fufl Gao - G61 $1uau 13 Tsasm aendls

finu wudndl 3 15991u (G1, G39, Ga5) gnesnuuulvied
Tuveuwavessalinlasunansenudnies waz 4 1sau
(G14 - G17) agluiunanudesgeduy Jsasunglddn wui
L A & oA 2 A o & o ~ a
wianfiuiuivuadnidledisuduiiundy 9 Amniin
guns1y dvdmaldiiayarinnudeniedesiie

Wiguwisunununou q auisndutvunennmualn

Vv
I A U Ay a

msaammmﬁ”mmuwmmunummmamaﬁaaﬁqm
wonand mundsiasils Wulunudosiavosaunis
Hevlafifvusszosfinmedlsinuusasus Tnelsanui
Wulssouuszamialudedanudusunsedos aggn
aamwiﬂ,ﬁ@?wLmﬁaﬁ@?aaaﬂﬂﬁﬁu Iﬂ&JLﬁaﬁmimgam
anudemeiiinlassuflerafistuainnsdifiamenisal
aniduvrilyar1viniu 47,970,000 vm %aﬁaaﬁlqm 1ng
nMsdasgsikazUszananalunismdineui Afqald
SYHLIIANAY TILARITIUALIE ANISUSYIANATBI I
Fulsdndulauazaunistesdaiieadesiunsdineily

o
av

Al lesakandlunisnen 3

Naresuan University Engineering Journal, Vol .16, No.Z, Jan-June 2021, pp.81-93 90



NUEJ

Naresuan University
Engineering Journal

] a o v -
19199 3 uaneseazBenduuiulswaraun1stauly

1981990 U
fruusinaula
B, 1,220
I,
X 20
Y, 20
TX _ID_1234 400
SEP”
aun15%0311n
~ Y o o o ° | Ao '
a9l 1.aunsfediininunsmuriimaanly 81
Fouviuiu
YAl 2.84N1570RtUNTAIUINITEEEINURY 4,880
15991U9AA YN TY
a Y o o | B a |
a9l 3.aunsfediinvesszezrsioefansening 400
15991U9AE YN TU
a Y o o | a '
Y9l d.aun1siedinresszeiaINignsening 400
15991U9AA YN TU

5. dgunauaziuInnuIdeluaunan

uATeiifunis@nwinisesnuuusundsfinsves
lssnugeamnssuluwalinuanavingsy lnevitniswamun
WUUTIADINNALAAIANTLUUNIAINATI A WaEyiINIT

#1saundadesuanudsmeainanudsdunisiiameg

a = a & v o
andy Fadunisnasanusenuauanuvasnislunis

t

v a

#adula Tnofunainyadinnndemeuasanudsd
\Annnimnaniduveslssnugaavngsy dadunisysan
N13HaN153385AUTUTUNTURUUTIRDINIABUTIADS
ALOHA Tumsiiasevinrindesainnisseiiavesasiadl
lunsdlfny lneguuuumsindulaveswinuniavesd s
gnamnssudidnuagnsznedidudnilvg) dagnesnuuy
TegusnmuA dnidrluduluiaugnamnssile
yindswansznuiiagiAntunsdifinmngnidu Tnedsasd
Tssnugramnssuusdugnoonuuulogluiiufifiiany

Ao sduannudusunsiouin 11910 vun

A
N a o

YoINUANN 4 Tssnugnivualissfivuadniiagaile

¥
A A

Wieuiunungu q vilianuagydenenaiaduagiyac
Uoeninfiunou q M9t nan1s@nwiannnislalusunsy

' v
@ =

ALOHA SAUAUBUUIIADINI9AM AAIAAST WU TU

anusatnunbrlunisdnasepnudeanasiindulunsma

LﬁfﬂLWE}QﬂLﬁu%@ﬂidﬁ’]u@ﬁ]ﬁ?ﬂﬂiimiﬂSﬁﬁﬂiﬂﬂﬁﬂﬂﬂ’é’m

v
N

quussiunsnszaeluganuidu q luwedeugaamnssu
Foilianmsalinseidaiivesnnuidsaiiuninisssas
Famnglunmahlldfinsandadsdssnugramnsayly
lnngnamnssusng 4 tregramunsay

yiail nsfnwrlunsdidegaiidunsinuiluaada
gnamnssudeiialasansniluuszgndldlalusudy
1 fiAsrdestunismaunudsly Tnvensvensveuinsly
nsfnwn 1wy mafiudededlifasun nodinse
laffudmnsnuuvane ingUszasd uenaniidsanunsn
il lunsdifnudfiualngdu wu susuuresiud
daugaavnssuiilngdu violussduimianiosedu
piina InsusudsueasiBenusasdadelimnzay
fuaninilymvensding uenandguiuuresnsm
mnoudmvivlunis@nuiidunismdineudaeisen
wiuen (Exact) Samnzavfuvruavestymilunsdfnw
Tuaudded og1dlsfinny mnddiuuduysianasin
wardgmiidudeusnniu enasndudeddisnsium
AmaulunguveIsn15UssuINAT LYU Metaheuristic
uenaniinsdrasssanssnuannsdifamaandy 81
finsanfvreuinvesiuiflisuransenufuiuilided
fogluyvy esanorahliAnsasinsunsnszans uas

o &

sERUveIuURTETuAna1atY Srudenafiansanaded
ﬂﬁaUﬂquLasLﬁm%’aaﬁ’umméﬁﬁu (Sustainability) 4
MULATYFAD (Economics) Audaw (Social) kagau
deuindeu (Environmental) 3va1911La3 osiladunis
Tnsikuurate Inguszasd (Mult-Objective Optimization)
nszvIuNTAndulanuuainualsinael (Multi-Criteria
Decision Analysis) WagN1TWAIUITEUUAU VAL UNNS
sadula (Decision-Support System) (Ransikarbum &
Mason, 2016; Ransikarbum et al., 2017; Oh et al,, 2019,
Chaiyaphan & Ransikarbum, 2020, Puchongkawarin &
Ransikarbum, 2020; Ransikarbum et al. , 2020,

¢

Wattanasaeng & Ransikarbum, 2021) 119237LAT1

Naresuan University Engineering Journal, Vol .16, No.Z, Jan-June 2021, pp.81-93 91



NUEJ

Naresuan University
Engineering Journal

6. LONEAN58199

Alves, D. T. S., de Medeiros, J. L., & Ofelia de Queiroz, F. A.
(2016). Optimal determination of chemical plant layout via
minimization of risk 20.to general public using Monte Carlo
and Simulated Annealing techniques. Journal of Loss
Prevention in the Process Industries, 41, 202-214.

BOI. (2019, Apr 24). Thailand Board of Investment.
https://www.boi.go.th/

Caputo, A. C., Pelagagge, P. M., Palumbo, M., & Salini, P. (2015).
Safety- based process plant layout using genetic
algorithm. Journal of Loss Prevention in the Process
Industries, 34, 139-150.

Chae, J., & Regan, A. C. (2016). Layout design problems with
heterogeneous area constraints. Computers & Industrial
Engineering, 102, 198-207.

Chaiyaphan, C., & Ransikarbum, K. (2020). Criteria analysis of
food safety using the Analytic Hierarchy Process (AHP)-a
case study of Thailand’s fresh markets. In E3S Web of
Conferences (Vol. 141, p. 02001). EDP Sciences.

Chanthakhot, W., Wattanaseang, N., Wisesla, K., & Ransikarbum,
K. (2018, July). Computer Simulation- based Impact
Assessment of LPG Storage Tank’s Leakage and Explosion
in Split-type Air Condlitioner Factory [Paper presentation].
In 2018 IE Network Conference, Bangkok, Thailand.

Chanthakhot, W., & Ransikabum, K. (2019, December) .
Numerical Simulation for Fire Emergency Planning in a
Home Appliances Factory [ Paper presentation]. In 2019
Research, Invention, and Innovation Congress (RI2C) IEEE.
Bangkok, Thailand.

[EAT. (2020, March 2). Annual Report 2018. https://
www.ieat.go.th/annual-report

Jung, S., Ng, D., Laird, C. D., & Mannan, M. S. (2010). A new
approach for facility siting using mapping risks on a plant
grid area and optimization. Journal of Loss Prevention in
the Process Industries, 23(6), 824-830.

Kim, J., Ransikarbum, K., Kim, N., & Paik, E. (2016, May). Agent-
based simulation modeling of low fertility trap hypothesis.
In Proceedings of the 2016 ACM SIGSIM Conference on
Principles of Advanced Discrete Simulation (pp. 83-86).

Medina-Herrera, N., Jiménez-Gutiérrez, A., & Grossmann, |. E. (2014).
A mathematical programming model for optimal layout
considering quantitative risk analysis. Computers &

Chemical Engineering, 68, 165-181.

Oh, Y., Ransikarbum, K., Busogi, M., Kwon, D., & Kim, N. (2019).
Adaptive SVM-based real-time quality assessment for
primer-sealer dispensing process of sunroof assembly line.
Reliability Engineering & System Safety, 184, 202-212.

Patsiatzis, D. I., Knight, G., & Papageorgiou, L. G. (2004). An MILP
approach to safe process plant layout. Chemical
Engineering Research and Design, 82(5), 579-586.

Puchongkawarin, C., & Ransikarbum, K. (2020). An Integrative
Decision Support System for Improving Tourism Logistics
and Public Transportation in Thailand. Tourism Planning &
Development, 1-16.

Rahman, S. M. T., Salim, M. T., & Syeda, S. R. (2014). Facility
layout optimization of an ammonia plant based on risk and
economic analysis. Procedia Engineering, 90, 760-765.

Ransikarbum, K. (2020). Analysis of Traffic Flow at a Red Light
Intersection using Computer Simulation technique. Thai
Journal of Operations Research: TJOR, 8(2), 1-14.

Ransikarbum, K., & Mason, S. J. (2016). Multiple- objective
analysis of integrated relief supply and network restoration
in humanitarian logistics operations. International Journal
of Production Research, 54(1), 49-68.

Ransikarbum, K., & Mason, S. J. (2016). Goal programming-based
post- disaster decision making for integrated relief
distribution and early- stage network restoration.
International Journal of Production Economics, 182, 324-
341.

Ransikarbum, K., Kim, N., Ha, S., Wysk, R. A., & Rothrock, L.
(2017). A highway-driving system design viewpoint using an
agent-based modeling of an affordance-based finite state
automata. IEEE Access, 6, 2193-2205.

Ransikarbum, K., Ha, S., Ma, J., & Kim, N. (2017). Multi-objective
optimization analysis for part-to- Printer assignment in a
network of 3D fused deposition modeling. Journal of
Manufacturing Systems, 43, 35-46.

Ransikarbum, K., Pitakaso, R., & Kim, N. (2020). A Decision-
Support Model for Additive Manufacturing Scheduling Using
an Integrative Analytic Hierarchy Process and Multi-
Objective Optimization. Applied Sciences, 10(15), 5159.

Thai Appraisal. (2018, March 3). The 2018 costs of constructions.
http://www.thaiappraisal.org/thai/value/value.php

BSA. (2019, March 1). Building inspection law. http://www.
bsa.or.th/

Naresuan University Engineering Journal, Vol .16, No.Z, Jan-June 2021, pp.81-93 92



NUEJ

Naresuan University
Engineering Journal

UNCTAD. (2020, February 24). World investment reports 2019:
Special Economic Zones. https://unctad.org/

Wang, R., Wu, Y., Wang, Y., & Feng, X. (2017). An industrial area
layout design methodology considering piping and safety
using genetic algorithm. Journal of cleaner production, 167,
23-31.

Wattanasaeng, N., & Ransikarbum, K. (2019, December). Cost
Optimization Model for Plant Assignment in Industrial
Estate Planning. In 2019 Research, Invention, and
Innovation Congress (RI2C) IEEE, Bangkok, Thailand.

Wattanasaeng, N. & Ransikarbum, K. (2020). Sites Selection of
industrial estates for Thailand Border’s Special Economic
Zones using Data Envelopment Analysis. UBU Engineering
Journal, 13(2), 14-26.

Wattanasaeng, N., & Ransikarbum, K. (2021). Model and Analysis
of Economic-and Risk-Based Objective Optimization
Problem for Plant Location within Industrial Estates Using
Epsilon-Constraint Algorithms. Computation, 9(4), 46.

Wu, Y., Wang, Y., & Feng, X. (2016). A heuristic approach for
petrochemical plant layout considering steam pipeline
length. Chinese journal of chemical engineering, 24( 8),
1032-1037

Yuan, X. U, Zhenyu, W. A. N. G., & Qunxiong, Z. H. U. (2013). An
improved hybrid genetic algorithm for chemical plant
layout optimization with novel non-overlapping and toxic gas
dispersion  constraints.  Chinese  Journal of Chemical

Engineering, 21(4), 412-419.

Naresuan University Engineering Journal, Vol .16, No.Z, Jan-June 2021, pp.81-93

)

7. 39U5296

Niroot Wattanasaeng received the B.Sc.
in Industrial Hygiene and Safety from
Burapha University and M.Eng. Degree
in Safety Engineering and
Environmental Management  from
Kasetsart University. Currently, he is

pursuing the Ph.D. degree in Industrial
Engineering at Ubon Ratchathani
University. He also works as the safety
instructor and consultant. His research

interest includes Safety Management
and Multi Criteria Decision Analysis.

Kasin  Ransikarbum received the
B.Eng., M.S., and Ph.D. Degrees in
Industrial Engineering from King
Mongkut's University of Technology
Thonburi; Pennsylvania State
University, USA; and Clemson
University, USA, respectively. He was
also a postdoctoral researcher at Ulsan
National Institute of Science and
Technology, Republic of Korea
Currently, he works at the Industrial
Engineering, Ubonratchathani
University, Thailand. His research
interest includes supply chain modeling
and applied optimization and
simulation.

93



