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Abstract: Freight transportation is a key driver of agriadt supply chains that impacts both economic iefficy and
environmental sustainability. In Thailand, sugagistics relies heavily on road transport, leadiadhigh operational
costs, congestion, and significant carbon emissidaghe demand for cost-effective and sustainkgistics solutions
grows, multimodal transport that integrate rail aodd—has emerged as a promising alternative. Sthidy evaluates
the feasibility and competitiveness of rail-roadntxined transport for sugar logistics in Northedstiland, focusing on
its potential to reduce costs and emissions. A @gidgc information system-based route optimizafiamework is
applied to compare the transport expenses ande@@sions of road-only and multimodal models. ggiata from 21
sugar mills, a multimodal cost model is developedorporating factors such as fuel consumptionl, fuiee, handling
fees, transport distance, number of containersearidsions impact. The findings reveal that shgfsagar logistics to a
rail-road system can reduce costs by up to 67.81d8aver CQ emissions by 76.50% for distances exceeding 200 km
aligning with Thailand’s green logistics goals. Hmer, infrastructure gaps and high investment aestsin barriers.
To facilitate multimodal transport adoption, stgitenvestments, policy support, and industry dudiation are essential.
This study contributes to the sustainable develaoprokagricultural freight transport by providingtd-driven insights
for policymakers and industry stakeholders.

1 Introduction partnership with Thailand’s Ministry of Transporave
Freight transportation is vital to Northeast Thails  further supported shifts of freight from road toil,ra
agricultural industry, which produces sugarcanesaea, reducing carbon emissions and improving road s4fgty
para rubber, and rice [1]. Efficient logistics netks are However, research on Thailand’s freight transpest h
essential for Connecting farms to marketS' yetrﬁmon Iargely focused on road Optlmlzatlon, with IImItEmdleS
faces high transport costs, infrastructure limitasi and Of rail-road multimodal transport for agriculture.
environmental concerns, hindering Suppiy Chaimﬁiﬁcy International studies have shown that |nterm0dat8ys
[2]. These challenges must be overcome for sudtsina can lower costs and environmental impacts, pagitufor
agricultural growth. bulk goods. However, adapting these strategietaildnd
Sugar logistics relies heavily on road transpartthis ~ requires a localized analysis of the logisticsasfructure,
results in high fuel costs, congestion, and emissi®oor Market conditions, and supply chain dynamics [2,4,5

rural roads further disrupt supply chains, incregdead This study examines the feasibility and competitags
times and product losses. A more cost-effective arf rail-road combined transport for sugar logistics
sustainable alternative is needed. Northeast Thailand by analyzing transportation ost

Multimodal transport, integrating rail and roadfeo$ a  €nvironmental impact, and logistics challengesxolare
promising solution. Although rail is cheaper andreno how multimodal transport can enhance efficiency and
sustainable for long distances, it remains undered, —Sustainability in the sugar supply chain. The fotsusn
constituting just 2.4% of total freight transpodi.[Key domestic transport of sugar exports to Laem ChaBbanty
challenges—limited rail coverage, poor connectivitgd (LCP), Thailand’s main export hub.
infrastructure costs—highlight the need for intégda _ _
transport strategies to optimize Thailand’s suggpy 2  Literature review
chain [2,4,5]. 2.1 Rail, road, and combined transport

Thailand’s Transport Infrastructure DevelopmennPla  Road transport dominates inland freight due to its
(2022-2030) prioritizes rail expansion and multimbd network coverage, door-to-door accessibility, and

integration to enhance freight efficiency [6]. Imtational flexibility, making it the preferred choice for sttoand
initiatives like the U.S. Trade and Development Age

s
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medium-distance freigi8]. However, this has led to high heavily on road networks, similar to the Europeaniod
logistics costs (14.1% of GDP), congestion, infiature  (EU), where the integration of rail has enhancexhemic
deterioration, and limited carrying capacity, parkarly in  resilience [23]. Sustainable freight solutions wiligy with
long-haul operation$3,9]. Additionally, road transport EU strategies have become a priority in Thailandtonal
significantly contributes to greenhouse gas emissend logistics policy. However, infrastructure consttajrhigh

is prone to accidents and breakdowns [10,11]. 8sudicapital investment, and long rail development tines
suggest that rail transport is superior for longifeeight pose challenges that require policy interventions,
in terms of fuel consumption and cost per ton-kdoen subsidies, and incentives to encourage rail freagloption
[12]. [9,23].

Rail transport, historically underutilized in Theaild, is Rail transport offers significant environmental
gaining attention as a sustainable alternative Holk advantages, such as 58% less,@missions per ton-
freight [9]. Countries like Brazil, China, and ladhave kilometerthan road transport for heavy goods &% &ss
successfully invested in rail infrastructure to &w for voluminous goods [24]. It also reduces gaseous
logistics costs and enhance supply chain relighjili3-15]. emissions by 92% and PM 2.5 emissions by 87%, while
Studies indicate that for distances exceeding 300rkil minimizing heavy metal leakage and fossil fuel
can reduce logistics costs by 20-30%, making itahle dependence [25]. This makes rail a crucial tootdéducing
option for sugar and other agricultural productd. [9fuel price volatility and improving sustainabilityn
Thailand is expanding its rail network, includinggdttrack logistics [26].
projects, to enhance freight connectivity to mégmjistics Although multimodal transport lowers emissions, its
hubs like Laem Chabang Port and Lad Krabang Inlareffectiveness depends on travel distance [27]. Bladu
Container Depot. However, aging infrastructure andverall transport demand while promoting low-carbon
maintenance issues limit the effectiveness otrailsport, alternatives is essential for long-term sustairigbillo
restricting its role in terrestrial transportation. expand rail in Thailand, it will be necessary t@mome

Multimodal transport integrating road and rail isinfrastructure limitations and ensure efficientermbodal
particularly effective for high-volume and long-hauconnectivity to maximize rail's environmental and
freight [16]. While road transport remains essérfitt  economic benefits [23].
short-distance deliveries, rail-road integratiom caduce Researchers have confirmed the benefits of inteainod
congestion, lower costs, and improve efficiencysdédech transport for cost efficiency and sustainabilitpr®myong
suggests that rail-road combined transport is nco- and Beresford (2001) employ a confidence indexssess
effective than road-only transport for distanceseexling modal reliability, transit delays, and risk factors
750 kilometers [17]. highlighting that modal shift decisions must baknc

Recent studies have provided further support farconomic and operational constraints [9]. Heinoldl a
intermodal transport in agricultural logistics. @etéo et Meisel (2018) present a simulation-based comparativ
al. (2024) highlight key infrastructure challeage Latin  analysis of emission rates in intermodal rail-roadsport
America, while Prymachenko and Shapatina (2022)nd road-only transport in Europe, demonstrating th
emphasize the critical role of rail in EU multimbda sustainability advantages of intermodal systems].[24
agricultural supply chains [18,19]. Chen and Li0Z2) Additionally, Carboni and Dalla Chiara (2018) arzayhe
identify regulatory and logistical constraints thave technical and economic competitiveness of rail-road
limited its adoption in China [20]. These findingscombined transport, emphasizing that long-haubdists
underscore the importance of investments in inteaho and efficient intermodal terminals are critical émonomic
infrastructure and technological advancements baece viability [17]. El Yaagoubi et al. (2022) evaluatdogistic
multimodal transport efficiency. However, there e#ns a model for intermodal freight transport in France,
lack of research on the efficiency of rail-road ddmed highlighting cost competitiveness and carbon rednoct
transport for sugar logistics in Thailand, presantan benefits over all-road transport [28]. Oliveiraakt (2022)

important gap in multimodal transport studies. evaluate multimodal logistics from a sustainability
perspective, demonstrating that intermodal trarispor
2.2 Factorsaffecting modal shift significantly reduces logistics costs and environtak
Cost is the key factor in freight mode selectidong impact [29].
with transit time, reliability, and flexibility [10 Road While studies highlight the economic and

transport costs significantly influence modal shifvhile environmental benefits of multimodal transport,esh

the transition to intermodal rail transport dependsthe on its efficiency in agricultural supply chainsliisited,
cost-effective provision of rail services. Incredisiemand specifically for sugar logistics in Thailand. Addsing

for dry ports and economies of scale are crucial fahese gaps will provide valuable insights for pglakers,
reducing rail transport costs and improvingndustry stakeholders, and researchers, strengthen
competitiveness [21]. Thailand’s agricultural logistics network, and adea

Investing in infrastructure, intermodal terminadsmd sustainable freight transport solutions.
distribution centers strengthens the economic lgluf
rail transport [22]. In Thailand, freight transpetill relies
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2.3 Route optimization in multimodal transport 3 Methodology
Effective route optimization enhances cost efficiken 3.1 Data collection

and operational performance in multimodal transport This study focuses on domestic sugar transport in
Advanced models like dynamic programming [30] an®|ortheast Thailand through case studies of 22 smijer
genetic algorithms [31] further optimize path plawby  across nine provinces (Buri Ram, Udon Thani, Muledtah
balancing cost and sustainability. The structuraalasin, Khon Kaen, Chaiyaphum, Maha SarakhamnSuri
optimization model [32] refines nodal optimizatiand and Nakhon Ratchasima). However, transportatiots¢os
route efficiency to effectively address multimodalrgo | aem Chabang Port were analyzed for 21 mills, as on
delivery challenges. _ supplies a regional processing plant.

Geographic Information  System (GIS) tools, pData were obtained from primary and secondary
extensively used for spatial data analysis, offen@e sources. Primary data were collected through
practical and visual approach to optimizing freightransportation records and spatial mapping datdsets
transport routes than mathematical models. GISsp&y sugar producers, logistics service providers, and
critical role in route selection and transport pi@g, government agencies. Secondary data included aiffici
integrating geographic data, road networks, traffigansport statistics, historical cost data, andrmésearch
conditions, and accident records to enhance distangn sugar logistics.
accuracy and travel time estimation. GIS-basedtisolsi This study drew data from three key datasets: GIS
have been widely applied. Chen et al. (2021) a®a§¥S  |ayers for mapping administrative boundaries, surgiir
applications in fresh product logistics, emphagjziahicle |ocations, road/rail networks, and €€missions; transport
routing and cost reduction [20]. Kawasaki et @8D25) data covering distance, transit times, fuel prices,
explores how GIS enhances logistics distributiongonsumption rates, and handling fees; and annual
promoting energy-efficient transportation and miiimg  production volumes to analyze freight flows, idgnkiigh-
carbon emissions [33]. Qu (2024) presents a Gl8ebasyraffic corridors, and assess logistical efficierinysugar
optimization model for intelligent supply chaintransportation.
management, integrating real-time map data to iN@ro  G|S tools were central to the route analysis ared th
transportation efficiency [34]. visualization of sugar transport volumes, enabiirgights

Despite its advantages, GIS has Iimitatiqns. _I\/Iapua{to |Ogistics Cha”enges, cost efﬁciency, and
data adjustments can affect accuracy, and its gireeli environmental impact.

capabilities are limited in multi-variable routipgoblems.
Additionally, as GIS primarily focuses on route s&s, it 32 Scenario analysis

lacks ~ comprehensive  transportation ~ management g re 1 compares two scenarios for transportimgsu

functions. Addressing these constraints requires thm production mills to Laem Chabang Port. Thestfir

integration of GIS with advanced optimization medel  gcenario, road freight transport, involves the dlire

enhance multimodal transport planning. transportation of sugar by trucks from the millste port.
The second scenario, rail-road multimodal transport
consists of an initial trucking phase to a railntaval,
followed by long-haul rail transport and a finalidk
delivery to the port.
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Figure 1 Two transport scenarios from sugar mills (origin) to Laem Chabang Port (destination)
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3.3 Gl S-based route optimization Equation (3) delineates the aggregate transpantatio
GIS tools were employed to map and analyze trahsp&ost when utilizing a combination of freight raildatruck

networks linking sugar mills to domestic marketsl anmodalities.

export ports. The analysis incorporated road ard ra

infrastructure, terminal locations, and topographic Total Transport Costcompinea = (X1eq NT; X

constraints. Key GIS processes included shortet pa (Z?=1(F60nSiXFPTiCBi)XZ?=1Di))RO+

analyses to determine the most eff|C|e_:nt transpmrtes, (X, NT; x (S, (FCons, X FPrice;) X
overlay analyses to assess road-rail connectiatydl n " i

transport volume mapping to visualize annual seggput i1D)),, + (Ziy NT; x (B4 (FCons; X
and identify high-demand corridors. This spatiahlgsis FPrice;) X Y-, Di))Ra + Costyandiing

helped detect bottlenecks, calculate travel digtsnand (3)
estimate transit times for each transport scenario.

_ _ _ The corresponding carbon dioxide emissions for this
34 Economic and environmental impact multimodal transportation approach are calculatéal v

assessment equation (4).
The assessment quantifies the financial and
environmental impact of shifting from road-only to CO, Emisssionscompineda = 2r1 NT; X
multimodal transport. This study identifies trangpo EF <Y D.)+ (EF %
distance and the number of containers as key \asab {(( pmptyc o X 21 D) + (EF mprye. o
influencing freight costs and emissions levels. i=1 Dz)) + ((EFFuuc,Ro X Y1 D;) + (EF pyuic ra X

The transport model calculates:

1. Road transport cost — Based on fuel consumption,
fuel price, trip frequency. o o
2. Rail transport costs — Accounting for rail fuel The emission factors for empty and full train cameas

consumption and handling fees. EF gmptyc_ra @Nd EFpunc pa) 18 0.02 kgC@eg/km, as
3. CQ emissions — Derived from emission factors foreported by the Intergovernmental Panel on Climate
empty and full truckloads over total trip distances ~ Change (2014).
Scenario 1: Road transport assessment
The total cost associated with truck transportateon 3.5  Correlation study
represented by equation (1). To analyze the correlation between transportatixstsc
and distance for road and combined transport, eatin
Total Transport Costg, = Y,7-, NT; X (X", (FCons; x  regression model was developed. This study corssider
FPrice;) X Xy D) + CoStyanaiing (1) transportation cost as the independent variablejewh
transportation distance and container numbers @neds

where NT; is the number of tripsised to transport in FEU) serve as dependent variables, enabling a
goods at 32 tons per Forty_foot Equivalent Un|t l(J}E CQmprehenSIve assessment of cost variations across
from sugar milli ton. Thefuel consumption rate of Truck different transport modes.

(FCons;) is 0.5 liters per kilometer, derived from the field o o

survey data. The fuel pricEPrice;, as of May 2023 is 32 3.6  Data validation and limitations

baht per liter. The variablB, represents distance between TO ensure data accuracy, the study employed GIS

the point of origin at the sugar mills to the destion at Vvalidation for the cross-referencing of spatialadatith

Laem Chabang Port. The handling c@stanating, IS fielq surveys, cost t_riangulation f_or_ the companisof

500 THB per container. estimates with .hls’goncal logistics records_, a_lr_ld
The carbon dioxide emissions resulting from roa§nvironmental validation to benchmark sustaingpbilit

transport are quantified through equation (2). metrics with academic and industry standards. _
Despite this rigorous validation, limitations remai

Lack of real-time traffic data affected dynamic teu

n.D,)+ (EF < Y1, D))+ (EF Ne@ assessments, and limited rail terminal data reduire
=171 FullC_Ro =171 FullC_Ro scenario-based modeling for cost approximationsiléVh

o o o comparative assessments helped mitigate thesefgaps,

Here, the carbon dioxide emission coefficients fofasearch should integrate real-time tracking angraved

empty €F pmpeyc_ro) aNd full truckloadsKF puuc ro) @re  rail logistics reporting for greater accuracy.

0.81 and 0.04 kgC@qg/km, respectively, as reported by the

Greenhouse Gas Management Organization (2014). 4  Results and discussion

This section analyzes the cost efficiency and
environmental impact of road-only versus multimodal

~ o
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transport for sugar distribution in Northeastermifdnd. It minor highways and major highways (Nos. 2, 304, and
examines cost and emissions comparisons (4.1), tB&1l) for road freight transport.

correlation between transport costs and distan@, @nd Multimodal transport integrates road and rail netsp
broader implications for logistics efficiency (4.3Fhe with three designated transfer stations—Non Phayldra,
findings offer insights for optimizing the cost s&ys and Phra, and Bua Yai—selected based on route effigienc

environmental benefits of multimodal transport. sugar volume, station capacity, number of freighins,
and available carriages. Each station serves aifispec
4.1 Thecomparison of sugar transportation cluster of sugar mills: Non Phayom (C2, C5, C8, C%2—

This section compares road-only and multimoddf15, C17), Tha Phra (C3, C4, C6, C10, C11, C18)Rama
transport for sugar distribution using ArcGIS as#dy Yai(C1, C7,C16, C19, C20, C21). Atthese trangtents,
Figure 2A illustrates the shortest truck route freagar sugar is first transported by truck, then loadet dreight
mills to the eastern area of Laem Chabang Pofizing trains before undergoing a final truck deliveryltaem

Chabang Port (Figure 2B).

/B W— i ometers
020 40 B0 1200 160

Kilometers

(A) (B)
Figure 2 The sugar volume transported by (A) road transport and (B) combined transport

Figure 2 illustrates the volume of sugar transmbrtealong the major highways used for long-haul freidtite
through the road-only and multimodal transportesyst. most affected routes, exceeding 120-160 km, exhibit
Road transport, which involves the direct movemaint elevated emissions due to high fuel consumption and
sugar from mills to the port, increases the freighgreenhouse gas output. Additionally, the limitexkibility
congestion on highways. However, the adoption aff road transport results in emission hotspotsgestion,
multimodal transport significantly reduces roadgestion and bottlenecks along key corridors. Integratingwith
by shifting a portion of freight to rail. Conseqtignthe road transport significantly reduces £@missions,
use of rail transport has increased, enhancingativerespecially on long-distance routes, where rail aegs
logistics efficiency and sustainability. high-emission road segments (marked in green). Stifs

Figure 3 compares G@missions from sugar transportleads to more evenly distributed emissions, miingat
using (A) road-only and (B) rail-road combined spart, congestion on major highways. However, some short-
illustrating the emissions distribution across Kedst distance routes still rely on road transport, alwih lower
Thailand’s transport network with color-coded irgties. emissions than for conventional road freight.

Road transport generates high-@&missions, particularly

@ OB ~ 619~
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Figure 3 Transport emissions by (A) road transport and (B) combined transport

S5TEOTLA

Srurlyhuses

Table 1 Domestic road freight transport

Transport Cost CO;, Emissions
(million THB/year (million kgCCoeclyear
_ No . . Mill to
Sugar | Distance Cost Contai.ners Ro_und Container Port to Mill Port
Mills (km) (THB/FEU) trip Handling Fee (Empty truck) (Fully
(FEUs/year) loaded
C1i 72€ 13,82! 4,29¢ 118.7 4.3C 81.5¢ 4.47
C2( 35¢ 6,75¢ 217 2.9t 0.22 2,017,94 0.11
Total 11,61: 57,47( 1,258.0! 57.4% 864.4¢ 47.3¢
Total transportation cc 1,315.5.
Total emissior 911.8:

Scenario 1, presented in Table 1, examines thes cost The results indicate that Non Phayom, Tha Phra, and
associated with domestic road freight transportrbijer. Bua Yai Stations serve as the primary containeds/am
Among the sugar mills, C17 incurs the highest fie@pst, Northeast Thailand, primarily due to their strategi
accounting for 9.02% of the total transportatiorstco location along the railway line connecting to Laem
whereas C20 has the lowest, contributing only 0.2R%% Chabang Port, the key export hub. Tables 2, 3, and
terms of CQemissions, the maximum values recorded atgighlight the cost efficiency of these stationspéasizing
8.95% for empty trucks and 0.49% for loaded transpothe potential for infrastructure investments toamde rail
while the minimum emissions are 0.22% and 0.01%ccessibility and optimize sugar transport openatio
respectively.

@ OB ~ 620~
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Table 2 Road-rail transloading at Non Phayom Sation

Transport Cost CO; Emissions
(million THB/year (million kgCCeclyear
. Distance Cost No: . Contai_ner Port to Mill M,;'L:?
Sugar Mills Containers | Round Trip| Handling (Empty
(km) | (THB/FEU) (Fully
(FEUsl/year) Fee Truck)
Loaded
Por-Transloadin 5 19C 27,84( 5.2¢ 27.8¢ 4.3¢€ 0.2¢
Transloadin-Statior 572 10,740 92¢ 9.97 - 0.44 0.44
Statior-CE 54 2,05¢ 1,99/ 4.1C 1.9¢ 2.8¢ 0.1¢€
Statior-C17 23¢€ 8,98¢ 4,29¢ 38.6( 4.3C 26.6( 1.4¢
Total 27,84( 171.3¢ 55.6¢ 112.6: 6.5¢
Total transportation cc 227.0°
Total emissior 119.2:
Table 3 Road-rail transloading at Tha Phra Sation
Transport Cost CO; Emissions
(million THB/year (million kgCCeclyear
. No. Container Poft to Mill to
Sugar Mills Distance Cost Containers ROl.md Handling Mill Port
(km) | (THB/FEU) (FEUslyear) Trip Fee (Empty (Fully
Truck) Loaded
Port-Transloadin 5 19C 17,78t 3.3¢ 17.7¢ 2.7¢ 0.1t
Transloadin-Statior 537 10,00( 598 5.9¢ - 0.27 0.27
Statior-C4 42 1,59¢ 864 1.3¢ 0.8¢ 0.97 0.0t
Statior-C3 15(C 5,70( 4,89« 27.9( 4.8¢ 19.3( 1.0¢
Total 17,78t 85.5¢ 35.5¢ 55.97 3.31
Total transportation cc 121.1:
Total emissior 59.2¢
Table 4 Road-rail transloading at Bua Yai Sation
Transport Cost CO;, Emissions
(million THB/year (million kgCCeclyear
. No. Container Poft to Mill to
Sugar Mills Distance Cost Containers ROL.md Handling Mill Port
(km) | (THB/FEU) (FEUs/year) Trip Fee (Empty (Fully
Truck) Loaded
Port-Transloadin 5 19C 11,84: 2.2¢ 11.8¢ 1.8¢ 0.1C
Transloadin-Statior 443 881( 39t 3.4¢ - 0.1t 0.1t
Statior-C2( 72 2,73¢ 217 0.5¢ 0.22 413,79. 0.0z
Statior-C1 20t 7,79( 2,691 20.9¢ 2.6¢ 14.4¢ 0.7¢
Total 11,84: 51.5¢ 23.6¢ 33.8( 1.9¢
Total transportation cc 75.2%
Total emissior 35.7¢

Additionally, Figure 4 highlights the cost deteranits  distance, container numbers, and associated fe®s. T
at each railway station, which are influenced lansport findings indicate that Bua Yai Station has the Istrnual

s
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transportation cost, followed by Tha Phra and Noay®m logistics. Non Phayom Station incurs the highestsdue
Stations. Combined transport reduces costs by 892.tb its 572 km transport distance and high container
million THB annually compared to road transportnumbers, as it serves as a key hub for rail freight
highlighting its economic advantage in long-dis&anc

Combined Transport

100% 5,29 5,93
90% e
80%
70%
60%
50%
40%
30%
20%
10%

0%

Non Phayom Tha Phra Bua Yai
m Road Cost mHandling fees mTransloading = Rail Cost

Figure 4 The details of the cost factors at each railway station
clear distinction between passenger and freighisfrart,
Environmentally, Bua Yai Station records the lowesyet ingress and egress routes need enhancemaailitafe
CGQ; emissions, followed by Tha Phra and Non Phayomsfficient vehicle movement.

Stations. The integrated transport model reducessemns Figure 5 illustrates the cost distribution betweead
by 697.58 million _kllograms annually, reinforcingsi and combined transport, revealing a notable recligti
sustainability benefits over road transport. road transport costs with a concurrent increasainling

The assessment reveals variations in freight teansfiees. Additionally, rail transport and transloadiogsts
station accessibility and service availability &sahe account for a smaller proportion of the total exjite,
three stations. Non Phayom Station, a recentlyeshed highlighting the cost reallocation associated with
facility, can accommodate a wide range of commesliti multimodal transport integratiofiable 5 presents the total
and increased freight traffic is expected. Tha FBtedion, freight costs and emissions associated with thegjiation
located near a village, requires road expansionl@adt of transport modes, showing a notable reducticovirall
bearing capacity improvements to support largeigfite  freight expenses and carbon emissions.
volumes. Bua Yai Station, also near a village, raais a

Road Transport Combined Transport

4%
3%

= Road Cost
= Transport Cost = Handling fees
= Handling fees Transloading

Rail Cost

66%

Figure 5 The proportion of transport cost by (A) road transport and (B) combined transport

~ 622~
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Table 5 Freight transport comparison of cost and emissionsby  transport across varying distances. Table 6 ibws# that

road and combined transport road freight costs increase proportionally withaliee due

Transport CO to cumulative operational expenses, including fuel

Cost Emissions consumption, fuel prices, number of containers, and
(THB/year) | (kglyear) handling fees. In contrast, combined freight tramsp

Road Transpc 1,315,517,28 | 911,817,62 maintains a cost advantage over longer distancgs, a
Combined Transpc | 423,405,87 | 214,241,42 multimodal integration mitigates cost escalatiorosiC
% Chang 67.81 76.5( savings increase with distance, with the gap witgni

beyond 200 km and nearly 50% savings at 900 km. The

4.2 The correlation between transport costs and shift toward multimodal solutions enables logistics
distance planners to optimize both economic efficiency and

The findings demonstrate a distinct cost disparit§nvironmental sustainability.
between road freight transport and combined freight

Table 6 Freight transport cost: a distance-based comparison of road and rail modal choices

Distance Road freight cos Combined freight co % Change
(km)  (THB/FEUs/Round Trig (THB/FEUs/Round Trig ° 9
10C 3,80¢ 4,17 -9.6¢
20C 7,61¢ 5,92¢ 22.2:
30C 11,42 7,671 32.8¢
40C 15,23 9,41¢ 38.1;
50C 19,04( 11,16¢ 41.3¢
60C 22,84¢ 12,91 43.4¢
70C 26,65¢ 14,66( 45.0(
80C 30,46« 16,40’ 46.1¢
90( 34,27. 18,15¢ 47.0¢

4.3 Discussion modal shifts, as noted by Rodrigue and Notteboda @}

This study confirms that rail-road combined tramspowho emphasize the role of rail-based logisticsnimaacing
significantly reduces logistics costs and environtake energy efficiency and reducing emissions [8]. Hoeveas
impact in sugar freight transport. The comparativalysis rail transport faces capacity constraints, govemtme
highlights substantial cost variations between +oaly  private sector collaboration is needed to expateirimodal
and multimodal transport, demonstrating the economiacilities and optimize logistics planning, as by Islam
advantage of integrating rail into logistics netksr et al. (2016). To enhance multimodal logistics,igies
Beyond the cost benefits, shifting freight to edigns with  should be implemented to strengthen rail connegfivi
global sustainability targets by reducing fossilelfu expand terminals, and develop intermodal hubs,rémgsu

dependency and environmental impact. cost efficiency and environmental sustainabilityfrgight
The results indicate that incorporating rail intmd- transport [22]. _ _ . _
distance transport can yield cost reductions 8%. and The analysis of transportation costs in relation to

CO: emissions reductions of 76.50%, reinforcing thélistance indicates that road freight expenses asere
viability of multimodal solutions. These findingdigm  progressively with distance due to cumulative openal
with those of Carboni and Dalla Chiara (2018), wheosts. In contrast, combined transport exhibitsenstable
reported that intermodal freight systems yield sastings cost trends past a specific threshold distancejmgaka
of up to 40% compared to road transport [17]. Farrtiore, more efficient and economically viable option fang-
this study supports the conclusions of Islam e{2016) haul freight operations. A combined transport méale
regarding the significant role of multimodal stgitss in  sugar freight over distances exceeding 200 kiloraetan
reducing carbon footprints [22)]. yield a 22% reduction in transportation costs,ratig with
The assessment reveals infrastructure disparitidgea the findings of Carboni and Dalla Chiara (2018),owh
three freight transfer stations that impact thapacity and report that for distances under 300 kilometers,droa
efficiency. Non Phayom Station, as a modernizeditiagc transport remains the most advantageous optiorie idri
can accommodate diverse commodities and increasesdistances beyond 750 kilometers, combined transptre
freight traffic, whereas Tha Phra Station requiread most economical option [17].
expansion to support higher freight volumes andawgd
access routes are needed at Bua Yai Station foieeff 5 Conclusions and future research
vehicle movement. These infrastructural limitations This study assesses the feasibility and competitise
highlight the need for coordinated investment tppgut  of rail-road combined transport for sugar logistics
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Northeast Thailand, demonstrating its potenti@rbance
logistics efficiency and sustainability. While tkuc
transport remains dominant, its high costs, comygsand

environmental impact pose long-term
Multimodal transport integrating rail and road @mets a
cost-effective and eco-friendly alternative by reidg fuel
dependency, transport costs, and carbon emissions.

sugar transportation modal shift in northeastern
Thailand, International Journal of Geomate, Vol. 14,
No. 46, pp. 156-163, 2018.

challenges. https://doi.org/10.21660/2018.46.TRL182
[3] Department of Logistics, Office of The National

Economic and Social Development Council:
Thailand’s Logistics Report 2023, [Online], Availab

Using a GIS-based route optimization framework, the https://www.nesdc.go.th/nesdb_en/ewt_dl_link.php?ni

study shows that shifting from a road-only systermanm
integrated rail-road network can lower total cost. (fuel
costs, handling fees, and bogie rental expenses)athon
emissions, thus making sugar logistics more residad
cost-efficient. Additionally, multimodal transportan
contribute to Thailand’s green logistics strategyblping
reduce the carbon footprint of agricultural supghains.
However, barriers such as inadequate rail infragire,
poor intermodal connectivity, and high initial irsment

d=4520 [10 Mar 2025], 2023.

[4] LUATHEP, P., JAENSIRISAK, S., SAENGPRADAB,

S.: The impact of transport infrastructure develeptm
on modal shift: Case study of rubber goods in the
southern ThailandEngineering and Applied Science
Research, Vol. 43, pp. 225-227, 2016.
https://doi:10.14456/kkuen;j.2016.95

[5] PONGSAYAPORN, P., CHINDA, T.: Long-term

strategies for multimodal transportation of blogklver

costs must be addressed to maximize multimodal in Thailand,Sustainability, Vol. 14, No. 22, 15350, pp.

efficiency.

To promote its adoption, strategic investments if6] CHINDA, T.:

railway infrastructure, intermodal hubs, and supper

policies are essential. Government support, ingustr

collaboration, and financial incentives will be kéy
facilitating the transition toward sustainable afficient
freight transport solutions.

Further studies should incorporate
transportation data, including transit times, rsgrvice
reliability, and dynamic fuel pricing, to refineethcost
model.
commodities could offer broader insights into nmtidal
feasibility across Thailand's agricultural sect@eal-time
GPS tracking data, as suggested by Goncalveg204D),

Expanding the scope to other agricultural
[8] RODRIGUE, J.P., NOTTEBOOM, TThe Geography

1-20, 2022. https://doi.org/10.3390/su142215350
Feasibility study of multimodal
transportation of cassava products in Thailandte®ys
dynamics modelinghSEAN Engineering Journal, Vol.
12, No. 3, pp. 79-88, 2022.
https://doi.org/10.11113/aej.v12.17049

[71U.S. TRADE AND DEVELOPMENT AGENCY:
real-time USTDA promotes supply chain resilience in Thailand,

[Online], Available: https://www.ustda.gov/ustda-
promotes-supply-chain-resilience-in-thailand/
[5 Feb 2025], 2023.

of Transport Systems, 5" ed., London, Routledge, 2020.
https://doi.org/10.4324/9780429346323

could enhance the accuracy of cost models and weprd9] BANOMYONG, R., BERESFORD, A.K.: Multimodal

logistics decision-making [13].

Additionally, researchers should examine policy
frameworks that incentivize multimodal
adoption.

transport: The case of Laotian garment exporters,
International Journal of Physical Distribution &

transport  Logistics Management, Vol. 31, No. 9, pp. 663-685,
Comparative studies of international best 2001. https://doi.org/10.1108/09600030110408161

practices, such as those by Rodrigue and Nottebodd®] LI, G., TAMURA, K., MUTO, M., OKUDA, D.:

(2020), could provide insights into regulatory dindncial
mechanisms that support efficient multimodal indign

[9].
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