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Identifying and Ranking the Obstacles of Nitrogen Oxides (NO,)
and Sulphur Oxides (SO,) Emission Reductions from Marine Engines in
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Abstract

The objective of this research was to identify and rank the barriers of reduction of nitrogen
oxides (NO,) and sulfur oxides (SO,) emissions from marine engines in perspectives of government
agencies which relevant to Thai maritime transportation industry. This study chose semi-structured
interview to confirm the validity and added more related issues from the literature review. Purposive
Sampling was a technique used for selecting samples with the criterions of knowledge, expertise,
and experience in maritime transportation industry, air pollution and marine engineering. The
samplings were experts selected from three government organizations which relevant to Thai
maritime transportation industry to identify obstacles in Thailand's context. There was also used
“Interpretive Structural Modeling: ISM” to understand the relationship between the priorities of
obstacles. The results of the ISM technique were then applied to classify of obstacles by technique
of “Cross-Impact Matrix Multiplication Applied to Classification (MICMAC) ”. The findings indicated
that the most significant obstacles of reducing mechanisms of NO, and SO, were high Technology
capital and operational cost of Nitrogen Oxides and Sulphur Oxides reduction solutions and are not
aware compliance with regulation in Government. This study can be useful for Thai shipowners and

policymakers to manage the problem of maritime air pollution.

Keywords: Obstacle Interpretive structural modeling (ISM) Cross-Impact Matrix Multiplication
Applied to Classification (MICMAC) Maritime air pollution
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B3 | nalnlunisan NO, Wag SO, disunuga Ross and Orestis, (2019)
B4 | euvhmesumeaialunisuudasussuuiemaaie Lindstad and Bo, (2018)

B5 | wayaansiiiaings anudiunglutuneunmsuiinu nsesivdeu Animah et al,, (2018)
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B7 | vnesAnsniuiinveunsiaiuiTouazgraiselenauauattenivug Animah et al,, (2018)
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B8 | wamsatiuayudwiuuidnviostulultgunu LNG Animah et al,, (2018)
B9 | IMANUATTUIN Animah et al., (2018)
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oAlun15ITY
HUUBANUNITIVY

[ 1

N135¢YgUasIALaEmMANNANTUSTENI19QUaATIAMYTS ISM Kaufun13InnguvetgUuaTsnniyl

' '
[ A

Mdstundeunazn1siendaeds MICMAC SuNNIsAUmgUasIalynianee HIunITNUNIUITIUNTIY
thadidnnamaaeuaugniedasnsdunvaiulaznsneuuuuasuay ievndoasuguassania
Uumisanalng dadiduuaradilassaidvutudionandiifunmanuduiussewingUassndaeis
ISM gavingInnanankayiiaseigUassaniuisnis MICMAC

UseyNsuazaa9eng

wwmnansAnwndentld msdunwaluuuAslassaine (Semi Structured Interview) wagn13d1379
wuuaBRuAIN NsAREeNnauiiegeldimaiansdufieg19wuULEae (Purposive Sampling) %ql,flumi?jm

lagAndenngquitaganiianug anudrunguariniiineitesiunisquasesdmindounimeialy

Jryryn 1899670y 10NUIU ANISSSU
Intellectual, Professional, Cheerfulness, Morality
142



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1AU - SUd1AL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022
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Hlrvngyasadeuanuduiug Iaglddin “dmaliin” lunmsivuaanuduiusseninsguassaiiozy
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“nadand” 1ngld @ daydnwal v, A, O wag X lumaiBsuifisumuduiusseninaesguassa Jemnumng
vosdyanual Ao
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A e auasse | dawaliiinguassa i wiglasse i lidwalminguasse |
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0 vt guassaliiinyuidiniudifeleaiy

4. g519m1519audusiug Reachability Matrix @379 Initial Reachability Matrix fwiSudu Taei
Foyaanmseanuduiug ssim Aludadnvalinudasufiay Inodvualidydnualiinnuwaadu
davtu wandlilunsed 2 ainduadne Final Reachability Matrix Sugarie aungnisidsundasos
wAdla ISM Ao &1 “i” danasdie 7 uaz < dwasie “k” avlRAnmuduTuSsSenTusywing “i” uay
“©7 vl “i” danasie “k” lumsauvindazildsuutasay 0 Wulay 1* vinnsmsavaeuanuduiug
n1sdoufiazgguassn nsnmadsuuuvififelfufindesitsainanufnifuresgiBersigy Final

Reachability Matrix Tugavieuanslilunsnai 3
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A1519% 2 M3swlasdyanvaiannaisns SSIM Tidudiay

dryanueal AMNFUNUS | o j (i, j) AMNFUNUS j fo i, i)
V 1 0
A 0 1
X 1 1
(@) 0 0

v ¢

5. 911 Level Partition ¥04gUassa welvinguisseauanuduniusvesudazguassa 3905w

3

NENVeIUATIAIIN M54 Final Reachability Matrix eonlu 2 wn fail
(1) Reachability Set As n1sdanguvesguassaudagiafisiauduiusivguassaduy
Tuuwaueu () enguassaifanuduiusiduas 1 vie 1* Wegndudeatu iuuuilfasuynguasse
(2) Antecedent Set fio n13innguuetgUassaudazfiianuduiusiugUasiadidug
Tuwwads () denguassaiiianuduiudiduey 1 vie 1* Weognguideatu viuvuiliasunnguasse
Nan151 Level Partition vesgUassa uandlilunssi 4
6. @519 ISM Model Tngtirdayaiiléiann1sm Level Partition 1849Uassn u1a¥s ISM Model

Feazuanemuduiusseninglassausazalassanasgninioaduununmiiuansliiued1adaauds

9 Y

o

sgRuAUEAyLaznsWeleaiuegslileddgyvagUasaneauanuddyvesguassaiiinszila

970 Reachability Matrix lnganuduiusseninaguassnazuandlagdydnuaignas fagui 1

A15199 3 Final Reachability Matrix

Final Reachability Matrix

s () W) Driving
Bl | B2 | B3| B4 |B5|B6|B7 | B8 | BY | B10O | BI1 | B12 Power
Bl 1 1* 1 1 1* 1 1* 1 0 1* 1* 1* 11
B2 1 1 1 1 1 1 1 1* 1 1* 1* 1* 12
B3 1 1* 1 1 1* 1* 1 1* 1* 1* 1* 1* 12
B4 0 0 1 1 O | 1] 1*| 0 0 1% 1 1 7
B5 1* 1 1* 1 1 1 1 1* 1* 1* 1* 1 12
B6 1 1 1* 1 1 1 1 1 1* 1 1 1* 12
B7 1 1 1 1 1 1 1 1 1 1 1 1 12
B8 1 1* 1* 1* 1* 1 1* 1 0 1* 1* 0 10
B9 1* 1* 0 1* 1* 1 1* 1* 1 1 1* 1 11
B10 0 0 O | 1] 0| 1*| O 0 0 1 1 0 a4
Bl1 1* 1* 1* 1 1* 1 1* 1* 0 1 1 1* 11
B12 1* 1* 1* 1 1* 1 1* 1* 0 1* 1* 1 11
Dependence
Power 10 | 10 | 10 | 12 | 10 | 12 | 11 | 10 6 12 12 10
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7. M3danuiavyvesguassalagis MICMAC lag MICMAC flanisasnensivldmiunisdavanams
Y9383AUsENBUAI9 sanaudady 2 ¥illa fie Driving Power uaz Dependence Power lngn1st1daya
91NAN519ANENTTUS Reachability Matrix 114 Tagendiazldndennsin Conical Matrix 9gnd1uIaN
n1sTudLavly Reachability Matrix @1 Driving Power vadudazguasinazlaunainuasiuvesiaiavluug

azun7 UazA1 Dependence Power vatuiargUassndzlaunanuasiuvasiavluwdazmoduil dauansld

[
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¥ £ v A

wanafenguitand19iu 4 ngueieiu qeil (Sandbhor and Botre, 2014) Quadrant 1: nguLinTuLaq
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(Autonomous) Quadrant 2: Ngu#IAeeN1 (Dependent) Quadrant 3: ﬂa:m%'auim (Linkage) Quadrant

4: ngudasy (Independent)
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o

NAN1538Y
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Ya v v
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INFLFLITIYNUIN 67% VDIADURUUADUAIUTUAIBIINITVIALATIAT 1IN U AT N Ud NS a9y

Y

Feoundanaunu 1ianguauisauauuaiivnisenialunsiaiinseuaqu aauiimediumaialy
nsUsuAsusruudemdade mnesdnsiifufiaveunsinudouargradeiitensuauasdoriivua IMO
amsaduayudmivuiviesiululsauniu LNG UismuudaazgreFouityuafivuuusisausiinh
PpnnuiilewarutsiiufeyaseviteuidniiAstoaiuguasse venaniiifiesUszana 21% vesnou
wvuaeunlaidiudaedt maviauumensuidgidomadimnzantuge nmeaunsentnuey

nmsvndnenmnisliuinisvesgreseneslulssmadugUassa dneusuudeuniuvisnun dauiiuies

fudn nalnlunisan NO, wae SO, HFumuas n1svIaYAaINITNiiAILS AUty luduneunsuiRau
MsnsvEeULaSUseaselusainsmuANuaiivisemelunzia Juguassaiiddsy

2. LU0 UTelATIa519n15AAM (Interpretive Structural Modelling: ISM) #aa1nn151235 ISM

s 1

Aasgideyalasuandidetvay vinimsuanuduiusseninguassa wuwuanutunal

a

Level | Ysznaudigguassa anuvimigatumatialunisusuilasussuuidondse (B4)

1 a v

PILUINIINITEAT YT oInasiIzauiulse (B6) Uiunaudiwazgnaisauntgymuaiviuusisay

Y

v

#1991 (B10) Waanusiuilanaziusiudayaseninsuseniingides (B11)

1% '
A =

Level Il Usznausieguassa navalassadsiiugiuiisndudundanudemamauny (81)
PangrinenuaEaiivnsenalungiaiinsounqu (B2) maynansiidiaud armdwiglutuseu
nsUfoRNY MInTaasunazuseaseluiiesnisauauuaiivnisoinidlunzia (85) vinosAnsd
SURnveum A Fouazgiaiieriienauausstaimun IMO (B7) viamsatiuayudmiuuTsniesivlu
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Level Il Usgnaudiwalasse wiadnenimnisliuinisvesgsieise (812) Wualassafidmaliiin
guassaluseau Il uaziinanguassaindednastguassa
Level IV Usgnaumeguassa mMsuiaauaseviln (B9) dwalagaseliinnisviafneninnis

o
[ 4

iusn1svesgeelse (B12) uardwmaniwenliinguassantainguassalulassasisafuduiuuy

Level V Usznausaeguassa nalnlunisan NO, uaz SO, fisunugs (83) uguassaasgnves

lassasianutu danudfgannign

A15197 4 ua@nINan131 Level Partition SUENQ‘U?{'E'EQ

gudssa Reachability Set Antecedent Set Intersection Level
B3,84,86, B1,82,83,B4,85,86, B3,84,8B6,
> B7,810,811,812 B7,88,89,810,811,B12 B7,810,811,812
B1,82,83,B4,85,B6, B1,82,B3,B4,B5,B6, B1,82,B3,B4,B5,B6,
. B7,88,89,810,811,812 B7,88,89,810,811,B12 B7,88,89,810,811,B12
B1,B2,B3,B4,B5,B6,
B10 B4,86,810,811 B4,B6,810,B11
B7,88,89,810,811,B12
B1,82,83,B4,85,B6, B1,82,B3,B4,B5,B6, B1,82,B3,B4,B5,B6,
- B7,88,810,811,B12 B7,88,89,810,811,B12 B7,88,810,811,B12
B1,B2,B3,B5,
B1 B1,82,83,85,87,88,B12 B1,82,83,85,87,B8,812 |
B7,88,89,812
B1,B2,B3,B5, B1,B2,B3,B5, B1,B2,B3,B5,
- B7,88,89,812 B7,88,89,812 B7,88,89,812 :
B1,82,83,B5, B1,82,83,B5, B1,82,83,B5,
» B7,B8,89,812 B7,88,89,B12 B7,88,89,B12 :
B1,82,83,B5, B1,82,83,B5, B1,82,83,B5,
o B7,B8,89,812 B7,88,89,B12 B7,88,89,B12 :
B1,82,83,B5,
B8 B1,82,B3,B5,87,88 B1,B2,B3,85,87,88 I
B7,88,89,B12
B12 B3,812 B3,89,812 B3,812 i
B9 B9 B3,B9 B9 \Y
B3 B3 B3 B3 %

3. Msdanuavlagldis MICMAC Kaa1NN53ATLIANYANMAITULATOLAENTRINIVBIUsRY

auassn 91nn59 Conical Matrix (U 2) wuingUassauwuseanidu 3 ngu laun

1. naufesfiani (Dependent) guassafieglunduilie n1snusemvuduazgnaisountam

AN YLUUAIIAUAIYIN
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2. nquifeules (Linkage) léun nsvalassadrsiugruiisnfudrundsnudomameuny
msvInngunemuessaivnsemAlunziaiiaseungu nalnlumsan NO, waz SO, fifumugs mmwinme
Frumadalunisuiudsuszuuiemande mayaainsidannud anudiunglufuneunisufoamu
n1snsRdeukazuseneludesnismuauuaiivnisomelungia vauuaamsuAtynidomasd
wnzaufuide MnesdnsfisuiaveumsiamuGeuasgroiseriionsuausstorivun IMO vIansatiuayy
dmduuivnsiesiululiguniu LNG vinanuswileuazuvsiudoyasznirsuisniieidosuazuin
Angnnnishiuinisuasgalse

3. ngudase (Independent) 1ugdassafififidsduindouninuaziinisianios laun

ANSVINAIIUATEIRUN

anUseNa

P

HANTIATIZN ISM A1u3UN 1 wuladeinduguassade nalnlunisanfing NO, uae SO, Hunuas

9

' '
1 a o

(B3) agfinuasanvassyiulaniadaddudu (sedu V) iWuglassafiddgyanduduusnaiuandienisea

v
'
=

ANUATEYIIN (S2AU Muaznsuedngnmnisliuinisvesgease (seau ll) msneanudguassamanil

\Wuauguassafididyiian nalnlunisaafine NO,uaz SO, fifunugauaznisunmuasEHin HARWEE
Ie¥unsaduayulag (Animah et al, 2018) Faszyinnalalunisanfing NO, uag SO, fFunugauaznsma
anunszuiin \Wuilaymuazguassaiddylumsannisudesiing NO, uay SO, 9niedessusifeiiiniuly
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