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Abstract: This study proposes a layered architecture ddrssghipment model for small and medium enterp(SBE)
that supports road freight logistics using ricerfars in Thailand as a case study. The rationdleég folds. First, road
freight logistics transportation usually does npplst to SME. Second, existing supply chain logsstinodels are not
appealing to SME in that SME do not have abundasdurces to exploit the fullest extent of redeenfiéegures of the
models. Third, road freight logistics and transsfgpt are often incorporated as an integral serofmeration of a
distribution centre to transport goods items framrse to destination, which most SME cannot aftbelentire service
charge. The notion of layering is to make eachrl&gmsparent to one another, covering specifitsshipment activities
that do not overlap with adjacent layers yet kdwprtoperating characteristics closely related. tase study of Thai
rice farmers can thus operate and adjust to fit therking scenarios. Contributions of the propossatlel are flexible
and resilient operations that SME can benefit sg lavestment but more options to fall back onufeutvork should
emphasise on transshipment routing research aegdration of the proposed model into distributiontoe operations
management.

1 Introduction in Thailand. As the number of farmers grows, a evafive
Ploughing has and is the basic farming operatiautp association for rice farmers is formed to assist pool
break up, lift, and turn over the soil in preparingeedbed. available resources together for larger-scale piboiu
The good old buffalo pulling the plough was longigon  Higher bulks of paddies require more transportatiqrs
many parts of the world yet is still used in soroantries. to the mill, market, and consumers. This procedspcted
It is a cheap way, always works, and most imporéatl, N Figure 1, where the farmer begins at the codpera
environmentally friendly. Many farmers resort to@ssociation (1) to deposit their paddies. The meddre
mechanisation using a manual gasoline plough (eka ' dried, packed, and transported to market via gasated
buffalo’) or tractor-pull plough for transplant sémg. In ~ Carts or private trucks (2). Transportation costsy mvary
this study, we will focus on rice farming. Farmerspare depending on the rates charged by individual trartapon
a seedbed in April before the rainy season ariivéday businesses. The market includes agriculture outlets
to signal the plantatiorice is grown year-round in some Mmiddlemen, and wholesale (3) that distribute rice t
fertile areas). When harvest time arrives, ricedpesiare consumers. Each transporting stage (1,2,3) is peef
gathered on a cart pulled by a buffalo or a gasatpd cart and kept track of manually on paper bookkeeping. At
to the shelter and subsequently transported tonitidoy ~ Present, the shipment suffers from cost variatian taises
pick-ups or trucks. This family-style farming isowl, the cost of goods sold. Unfortunately, farmers have
labour-intensive, and has low yields, but it i# stiactised ~control on transportation costs to curb their exitene.
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Figure 1 Manual rice farming and transport process
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In today's world, buying the desired goods items
usually done online. The good old shopping frontkori
and-mortar stores practice is less attractive famyn
reasons. Produce from the fields or products mahwfed
from the factories are delivered to consumers Bsiagit
and timely as possible through various means ardade
such as centralised and decentralised supply cjan,
distribution and transportation, vendor-manageeiirery
(VMI) [1] system, online shopping logistics [2], cet
Smaller logistics firms in the form of small and dinen
enterprises (SME) are popular transporters
transportation business in many developing cous)tsiech
as the Association of Southeast Asian Nations (ASEA
which will be further addressed in the next section

As urbanisation grows, logistics sprawl [3] folloves

well as environmental laws and regulations areresfbto -
manage the safety of goods transport systems. Thus

logistics facilities must move farther away fronpptated
areas. This inevitably incurs additional transpata
charges to compensate for longer distances to ranidhé
sources of goods and destination recipients. Teaeduch
costs, high-capacity shipment by large containgskss is
employed to save the transporting charge per gitens
per trip. The need to set up transshipment poifB),(
distribution centres (DC), or Urban Consolidatioenters
(UCC), hereafter will be referred to as DC for hitgvfor
transferring the shipment using truck&)(and pick-ups
(Pu) to inner-city is necessary. This situation iswghan
the third stage of Figure 1. Thus, this researckkwall
focus on two issues as follow:

1. Serveto transport needs to and fro the city aral ru

areas, and
2. Utilise available data that can be locally deplaye

The rationale for each focus is straightforward). (1

There are many cost variables involved for DC #nattoo
high a cost for any rice farmers or SME to beahsas
building and equipment, rent, depreciation, gocalnage
claim, insurance, quality of service, digitisatioof
operations [4], environmental expenses, taxes, @Ic.
High-capacity cargo carried by truck or train fratoe
fields or rural manufacturing plants must end at@Ghe
outskirts of the urban area because limiting thpacy of
urban transshipment is usually a mandate of todadpan
planning. Concerns about the logistics sprawl [BH a
environmental issues [5] call for a light-weightedd
flexible model that permits operation or routinguoge for
transportation logistics. More details will be edadted in
the sections that follow.

Contributions and benefits from the proposed mod
From a research standpoint, futu

are two folds.
investigation on intelligent supporting operatioaad
techniques are viable such as Artificial Intelligdased

Global Positioning System or Al-based GPS, nedd-fie

communication technology (such as powerful
innovative RFID gadgets), and dynamic/capacitat
vehicle routing problems (DVRP/CVRP) [6], etc. Fram
practical standpoint, several techniques and manege

a';%:rategy, process, and information systems, Osldevat
a

igrecipitated from previous research can be impléettio
accommodate, in this case, rice (or other products)
transportation and transshipment that achieve iefffic
management of balanced fleet scorecard, backhaul
assignments, collaborative distribution, and hariab
coalition management.

This paper is organised as follows. Section 2 retu
some related prior studies and the background ef th
research. Section 3 describes the research delsan t
includes the relevant variables and cost functions.

in tHempirical results and evaluation are demonstrated i

Section 4. Some noteworthy points are discuss8ddtion
5. Section 6 concludes the study with some finaligits
and future work.

Literature review
'This section will describe transportation logistics
concerns, logistics scenarios for rice farmers, treir
supply chain.

2.1 Transportation logistics concerns

Logistics transportation is an important comporant
the supply chain which involves many stakeholders.
Transporting firms are minimising their expensegdep
the business afloat, while their customers (suppla
manufacturers) are looking for inexpensive and
trustworthy companies to send the goods to retadad
consumers. As technology progresses, it enriches
transportation operations, planning of freight farding
coalitions to improve profitability [7], flexibilg and cost
allocation mechanisms for optimisation, and cheaper

ddistribution plans [8].

The redistribution of transporting across organisest
with the help of digitisation would encapsulate rapens
and supply chain management such as additive
manufacturing that enabled design, manufacturing,
delivery, and use [4]. From finer organisationajisbics
granularity, transporting among (material) supglier
themselves, suppliers and manufacturers, wholesatet
retailers could be viewed as a buyer's role whisetl
logistics companies as a supplier role to moverthei
products through various logistics channels. Thigel-
supplier relationship would call for a mechanism of
operational coordination and financial collabomatio
Cheung et al. [9] found that the presence of Common
Institutional Investors (CII) improved suppliergesating
and market performance. As companies grow, innonati
Gz}alctivities within their supply networks increasehey
could exchange products, services, R&D data, ahdrot

re 7 o
resources to balance the efficiency and resilieate

network characteristics, network mechanisms, and
innovation outcomes.
To better understand the environment, business,

. [10] proposed the business model ontology that
supported a design science approach. Issues suebahs
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and social environments, customer's demand, tecfyol

change, and competitive forces were importar Rsion Bigbwey Rouies
considerations to heed. Aljohani et al. [3] defihegistics M f p A inThailand

sprawl, freight sprawl, and logistics polarisatioeyiewing Mysamer ity AJ&”"”"“‘ .

their effect on environment of local community digce B MY Bemocratic Republic

truck traffic congestion, noise, air quality, arafety. On e il A

the other hand, for logistics companies and fraighistry, ' i

facility location impacted on transport costs affitiency AR ant 4Vk (lotaeteonies
of operations. Taniguchi et al. [5] surveyed selver: Ml /€ ial__An1e B ool
pertinent UCC and TP cost factors in Tokyo and Batk | "2 auil l.-;..‘.‘..,.....,k ? e _Repubiic
for sustainable and liveable city logistics. Thegrevcost Mya:a*'_“ <| AHI6 ronrems Mokdahan | Dot
reduction, congestion alleviation, noise reductior AN AN .

greenhouse gas (GHG) emission reduction, fu
consumption reduction, empty move reduction, tladel
distance reduction, service quality improvemend fith Dang Pa-in} o < Keng f AH19
rate improvement. The size, weight, compositiond ar

many special requirements also imposed addition FIETY
mandate to the transporting form such as bulky rizdse ik .
over-sized shipment, perishable items, hazardqugllior /

% cambodia

gas composition, etc. These environmental and Isoc

responsibilities posed the capital dimension topkers

especially for multinational companies [11]. /
One minor but specific factor that affects logistic

transportation is weather risk for the coordinatsugpply

chains, reducing cash-flow uncertainty, potentat kales

to the next tier [12], and rice quality if they amet. The AH2

application of their proposed methodology led te th o

The bounciies and names shown and e desgratons used on s mep

selection of the critical day and temperature a&srttost PP SR e Y s Y e ons
influential variable on sales. These influentia N8

transportation factors would be taken into accdanthe A:z"’»mu \ws

transshipment model that fits SME logistics indestin ‘ R Roiok

Thailand since it is located in the tropical region
A regional transportation mandate that affects cos.
consideration of the proposed transshipment moslel i
truckload (TL) driver issue. Kutac et al. [13] irsthigated
the impact of personnel costs on road freight prarts
companies that would be considered for the propos
model design. Unlike most industrialised nationgxetthe
driver is the sole operator of a given TL transpor
Thailand, as well as the ASEAN, utilises an addgio . ) ) ; - X
driver helper to improve transport service quakiyd spal_e for carriers with high _techmcgl efﬂuenc_?hgw
safety which are required by "Service Quality Starddor f!ndlngs contrlbL_Jted valuable implications for ﬂbgls_tlcs
Truck Operation” (Q-mark handbook) [14] of Thellterature, carrier management, and other industry
Department of Land Transport (DLT), Ministry Ofstakeholders.
Transport (MOT). The standard complies by The Uhite - . .
Nations Economic and Social Commission for Asiatmed 2-2 Logisticsenvironment for rice farmers
Pacific (ESCAP) Resolution 48/11 on Road and Rail Logistics has been playing an important role inptyip
Transport Modes in Relation to Facilitation Measufer chain management (SCM) ever since myriad of modern
operations in the sub-regional transport underGreater SCM tools and techniques are put into practiceedffe
Mekong Subregion (GMS) Program, GMS Cross-BordéPg'St'CS management offers gp-to-date status itmgakat
Transport Agreement (CBTA). Figure 2 shows thdrives the cost of transportation dovyn. Bramellef12]
transportation routes in the region. All routesrgest only addressed the technologies that motivated the neamay
those countries located on the Southeast Asia peiain  ©f logistics systems, namely, mobile communicato
namely, Thailand, Myanmar, Laos, Vietnam, Cambodi&vernight delivery. This matched the heightened afeis
Malaysia, and Singapore. The remaining ASEANVith short-notice order placement to get t|melypehmn.ts
members are islanders and not connected by larids;ou©f fresh produce to market. In general, truck aadl r
i.e., Brunei Darsussalam, Indonesia, and the Fiiilés. transports are the main vehicles of agriculturabdgo

we) x To Mulaysiu)
Malaysia ¢

Figure 2 CBTA transportation routes

Miller et al. [15] unveiled the relationship betwne€L
tor carrier size and productivity. They propogéjl
increasing returns to scale for carriers with l@shnical
1efficiency, (2) constant returns to scale for giwith
average technical efficiency, and (3) decreasitgms to
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shipment. Nonetheless, small trucks or pick-ups atecally managed inventory (LMI) installation in a
preferred means by Thai farmers since they conmégie decentralised manner. This essentially resembles ri
move goods directly from source (farm) to destorati farming and transport process of Figure 1.
(market).

There are several small-sized transshipment logisti2.3  The supply chain of rice
service providers (LSP) that run their businesartd fro The supply chain of rice has a straightforward flow
DC and inner city. Most of them bundle their res@srand categorised by Sowcharoensuk [17] as shown in Eigur
cooperate with larger-sized LSP to serve a widayaof We will describe the flow in three stages, namdiy,
logistics operations, ranging from packaging in 8mnupstream representing activity in rice fieli) Mmidstream
channel [4] to large items. As they tender on latgms, representing production process of rice mill, aiid) (
they can resort to horizontal cooperation for hamgdthis  downstream representing broker, domestic and export
temporary contract. For example, transshipping saeks markets. Stage (i) is the ploughing until harv8sage (ii)
is done by mid-sized trucks carried out by ondveflirger- encompasses three buying channels, i.e., agrieultur
sized cooperating LSP. This is akin to omni-channglooperatives, paddy rice centre market, and paauy r
retailers who guide their customers about produgbllectors that independently buy rice paddies feed to
availability across channel into physical store][Bbn et  rice mills. Stage (i) illustrates polished ricem mill to
al. [1] studied the incentive-aligned contractuabe transported to broker/distribution centre, etqror
arrangement between vendor and multiple retaileds awholesaler, and rice packer. The broker in turrdeither
reallocation of fixed shipping cost could benefit /endor sell to exporter or wholesaler, while wholesalen eéher
managed inventory (VMI) system. The dynamics oell to retail stores or rice packers, both of wheetl to
different supply chain design and policy parametexdd final consumers.
be applied to inventory and replenishment decisians

F========-= [C-———————-————ms———————— - L e teeien b
: (i) : : (i) : : (iii) :
: o i Bl
! O N :
¢ K ® - I
: I LL Agriculture 2 - - - [
1 : KB cooperatives 1|, 1| | Rice transfer/ | Importer in trading Consumer :
: | : v ‘ H : exporter partner country (
| it 4 B I !
] 1
1 1 1
: ; ! Rice mill : |
| |
| — | | Export market 47% |
e N . 1 AN %
! ‘ Farmer } e Paddy rice center > : N Broker/ ;
N A market v 1 Distribution center 1
1 | !
: : : Silo : C Domestic market 53% h :
| | : i
] (
- ! : ~ 1 ; - Traditional | £ ceo, :
: i | _ il v rice retail store\ ]
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! ;! Ul
: P A _ % Rice packer 1 45-50% :
I . > (
! o N !

Figure 3 Thai rice supply chain
Source: Trade map, Ministry of Commerce (MOC) amuipiled by Krungsri Research [17]

One of the problems contributing to ineffectiveglyp downstream resellers and consumers. Albertzeth [@84
chain is the lack of silo on the farmers' parttldey cannot evaluated four mitigation strategies in supply ohai
afford building their own silo, they must sell thproduce disruption for distribution centre and retail s&r@hey
after harvest. The process of transporting paddy is identified six types of supply chain disruptiongmely,
inefficient and costly. We added three verticaé$rnl,2,3 supply, demand, transportation, facilities, and
to denote our focus on transportation logistidhatslash- communications. These will be used in costing asseat
mark intersecting points. Line 1 denotes transgioria of the proposed model.
logistics of paddy rice from rice field to primabpuyers.

Line 2 denotes transportation logistics of paddg from
primary buyers to rice mill. Line 3 denotes trarsgion
logistics of polished or milled rice from rice nsilto all
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3 Research design Figure 4 further elaborates on the cost of traniafion

We propose a working model encompassing operatiéi®m Figure 3 where farmers sell paddies (1) te riuil.
strategies that prioritise resilience of the Idgisstructure, These milled rices are kept in the silo and subsetty

resource planning, and costs. Details are deschiblenv. ~ Packed in different weighing sacks (2). Transpgrtiice
sacks is then arranged to many DCs for furtheriligion

3.1 Thecost of transportation to retailers, grocers (3), and eventually consuméne

The issues pertaining to agricultural supply chaifffPortant accounting process is the cost function
logistics have been investigated in-depth by Ba.g19] €ncompassing fixed costs (storage, equipment)alviari
that identified internal orientation and marketeatation. COStS (number of sacks, labour), and transportatés.
Their findings coincided with existing practicestimade This study focuses on transportation cost strucaure

considerable progress in logistics SCM for ricarimg. ~characteristic with the logistics supply chainsg.,i.
shipment from rice mill to DC and retail stores.

® @ o O
cost function

2| ¥ o
= o | @ s 8 ~
( ) % » = c = ( )
N \ = \ c s —g 2 e
)\ S o |1\l € 5 > L
) = J; o] Q o E o
[ / <] " O/ S % = = /
RN g £ & z
O e} © S &
S = o
farmer consumer
Figure 4 Cost of rice transportation logistics
3.2 Initial development The fifth variable denotes allocation or assignmeht
A number of operational variables to be used in thgansshipped vehicles. _ _
proposed model are established as follows: We propose a transshipment model incorporating the
1. Objective of transport above operational variables into multi-relation izbles
2. Region of coverage that are prioritised as shown in Figure 5. Design
3. Transport distance considerations are divided into two views, namedytical
4. Transport volume view denoting management of regional coverage and
5. Allocation of transshipment vehicle information system andhorizontal view denoting
These variables are directly or indirectly tieddshen operational classifications. Details are describeldw.
fixed cost and variable cost involved in administgrthe The vertical view is divided into three sectioraqely,
transshipment. Derivation of the cost function wik left, middle, and right. The left section represénput data
described in the next section. to the proposed model such as large/periodic,

The first variable denotes the purpose of trandpdse  small/frequent, and air freight. The middle section
set up in two operations, namely, regular and specirepresents activities and operations in DC. Théitrig
transport operations. Regular transport handleyjadls of section represents the outputs such as long, shasy
requests except special transport requests such Ciy, and special. Note that this flow process dan
perishable goods items or express packages thabmag reversed because items (rice sacks, products,catc.pe
freighted or rapid delivery. The second variablsigieates sent from right side (input) back to left side (mut) for
regions of transportation coverage. There are ¢wly returned items or special request situation.
regions in this study, i.e., rural and city. Thenfer The DC is divided into two sides, namely, rural aityl
represents goods items from trucks hauling bulgrskent sides. Transfer operations of goods items pashirogigh
from supplier or manufacturer to DC, while the datt DC include drop-off, pick-up, and temporarily stgea
representdu transporting goods items from DC to cityScheduling and transport precedence are perform&th
warehouse, store, or consumer. The third variablets which are beyond the scope of this study but wél b
distance of goods items to be transported. Thetifourdemonstrated by a case of scheduling precederatiorel

variable denotes volume or payload of goods iteengrjp.  below.
The horizontal view is divided into four operation
layers. The first layer is a special transshipnsentice that
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requires, in most cases, special/express transehipamd The third layer or short haul denotes large buiopér
delivery. Inputs are usually air freighted and sstripped transporting of goods between rural but close tip aiea.

by Pu to the destination, which may or may not bé he short haul may depl&u* from the rural pick-up point
transshipped at the DC depending on the imposirifthe volume is not too large. The exploded viespidts
requirements such as urgent shipments or perisigablds how request exchange, either regular or chartesgetial
items. The dotted connecting line and dotted regioor ad hoc) request, is handled at the DC during
boundary depict this DC bypassing scenario. Thespart transshipment froriir or Puto the designateu*.

direction can go both ways since the reversed ifgnited The fourth layer or long haul is usually large dmgh
input arrow) depicts shipment from city to ruraiesifor volume but periodic that requires trucks to tramsfmsave
out-of-town air freighted request. transportation cost per trip. The arrows in thed®Signate

The second layer represents frequent but smallddadtransshipment fromir by unloading goods on toRu, or
transport between inner city and rural areas. $bisup reloading fromPuto Tr in case shipping from city to rural
serves the purpose for a rapid and efficient goodsea. This principally incurs the heaviest trarasiant
movement. Note that the arrows between the fiygrland activities as noted by dotted circles. The ratiena
this second layer are management provisions farirgha straightforward. The sooner large volume of goadstit
individual Pu to transship late arriving special/expres®f DC, the more savings of transportation and g®rsts
items, thereby maintaining smaller operating fleet. will be.

volume l«— DC — schedule
T
1 I |
(O pu <—F———|——-J—> Pu
|
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PAES
l—
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| |
I |
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Figure 5 The proposed transshipment model

This layer organisation makes individual layeradministration, equipment and facilities utilisaticetc.,
transparent from one another. It also offers msili are beyond the scope of this study.
fallback between adjacent layer should the immedéater A loose end notes on the above vertical view of DC
encounter any transshipment problems. For exangple transport precedence that imposes a transshipteemtd
moderate sized DC might not need to setup the thyjeek  be dropped off and re-scheduled for transshipment i
or short haul so as to scale down its operationcfist elaborated here. The order of item precedenceatspihe
savings. In which case, tAe+Pu* input could be split by schedule of transshipment. That is to say, operalio
moving the truck sub-fleet to combine with thosetlté  serialisation must be strictly observed, with tixeeption
long-haul layer, while th@u* which are routinely shared of the special transshipment service (first laydrat
with the second layer could entirely move to sehva requires direct end-to-end transport without stogpiver
layer. Thus, only three layers remain in operattbat is, at DC. Consider a DC time window schedule probl2aj [
1, 2, and 4. At any rate, managing transportingtfle demonstrated below (denote: +get/-retrieve [opendtme
schedule, DC operating manpower/schedule, personmghdow]: service time).
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A —> r1]0,10]:10 — r450, 150]:10
B —> r4]0,20]:10 — r1[60, 100]:10
r2[0,20]:10 — r6[65, 120]:10

C.=RxD+SxT 2)
where G denotes the wages; R =R}, R, and Rdenote
Two schedules {A ¥1"— TP —r4"— A} and {B —r4* Pu and Tr fuel and maintenance expenses (Munit’km)
— TP —rl” —r6" — B} mean A getsl® no later than 10, handled by the driver and helper; S {52, S1, S2},
transports it to TP, and retrievels from TP no sooner than S;;, S, Si;, and $ denote Pu driver's, Pu transport
50, while B getg4* andr5* no later than 20, transportsassistance wages (Munit/hr), afiddriver's, Tr transport
them to TP, and retrieved- andr6” from TP no sooner assistance wages (Munit/hr), respectively. Caret rbas

than 60 and 65, respectively.

taken for wage increase since it will impact labour

If we imposed the transport schedule precedenca@amaproductivity in terms of sales per employee andgamny's

rl, r4d ,r5, andr6,, B could retrievel™ andr6™ from TP,

reducing delays of 60-50=10 and 65-50=15 unitshef t

latest schedule, respectively. This time windowesithing
could be theoretically easy to adjust but somewtifitult
to work out in practice because of driver's tardineraffic

congestion, and other unexpected delay situatibas t

could throw out such a tight transshipment timedein at
TP and worsen the operating schedule of the tratisgo
fleet.

3.3 Cost consideration

profit [13].
The overall fleet allocation cost to be fed in D& f
further detailed breakdown is as follows.

Cs= OpNpeHpe + [OpNpcdHpes + OiNisHig] + OtNiHic (3)

where @ denotes proportiondbu allocation; @ denotes
proportionalTr allocation; Ng, Nocs Nis, and Ne denote
the number ofPu and Tr to be allocated for express
(special) delivery(E), inner city and short hauljd®u
pool, short haul(S) truck, and long haul(G) truck,

One of the principal transportation costs of theespectively; lg denotes the first laydtu allocation costs

proposed transshipment modelTis and Pu driver and

helper rates. As Miller et al. [15] described seveeasons
for driver helper and the aforementioned Q-marldbaok

requirements, we procedurally incorporate theseedand

helper rates into transportation cost consideratitme

general cost function of the proposed transshipmertel

is setup by separatiriy andPufactors for explicit costing
classification and subsequent analyses as follows.

Ci=Dxwi+Txw+V xw+L xw+F

1)

where G denotes the transshipment cost; D ,{Dy}, Dy
and DO denote distance (km) covered B®u and Tr,

respectively; T = {}, T}, Tp and T denote time (hr) spent

by PuandTr, respectively; V = {{, Vi}, Vpand \ denote
volume of payload (cu.m) carried bfu and Tr,

that set aside for express delivery:ktenotes second and
third layerPupoolingallocation costs, wherein tiaipool
can be shared between inner city and short havicesr
His denotes third layer (short hal) allocation costs, and
Hic denotes the fourth layer (long hatihallocation costs,
respectively. This setup permits provision for outsing
of the Pu pool (and optionallyTr pool in short haul
operation) by various SME logistics which is a coomm
practice in many countries, while those SME calh rstin
their own express and long haul truck operatiomusTlthe
second and third terms of Eq(3) can be combinedange
lump sum as shown in Eq(3)".

Cs= OpNpeHpe + Xs + OtNicHi (©))

where X% denotes the external sourcing expenses as the

respectively; L = {l,, L}, L and L denote weight (ton) of result of resilient operational consolidation. Henthe

payload carried biuandTr, respectively; F = {F R}, Fp
and k denote fixed depreciated cost (Munit)Raf andTr,
respectively; and wi=1, 2, ...
Munit/hr, Munit/cu.m, and Munit/ton fixed chargémt are

, 4 denote Munit/km,

total cost (TC) becomes

TC=CG +C,+C3 (4)

applicable toPu and Tr, respectively. Note that these3.4 Preliminary cost evaluation

factors are not broken down into finer details stcekeep
cost analysis flexible for subsequent adjustmenfi the

To demonstrate computations of the total costs let'
consider &u transshipment from rural area to inner city

regional or domain of applications. For example, imequest. The cost analysis is determined as follGws
Thailand, factor T may include weather conditionsnonetary term denoted by Munit).

influence [12] when 'monsoon’' arrives in May andseim

late October. Often time this flash flood will caus Ci=Dyxwi+ Tp X Wo+ Vp X Wz + Lo X Wa + F,

paralying traffic to and fro the city and DC. Sianll, road
detour due to maintenance, special events, acsiderit

result in routing and schedule change to accommedtiat
adhoc situation, thereby affecting both D and Tdec

=30x3.5+1x5+2x2+1.2x4+2.08
=105+5+4+4.8+2.08

=120.88 Munits

The wages of driver and transport assistance anp seand

as follows.
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Co=RyXDp+ JuxTp+J2xTp
=045 30+5x1+3x1

=1350+5+3

=21.50 Munits
and
C3= OpNpcHpcs

=0.02x 16x 2.4

=0.77 Munits
Therefore, we have
TC =120.88 + 21.50 + 0.77

=143.15 Munits

where =30 km, w=3.5 Munits/km, =1 hour (rounded
up to hour), w=5 Munits/hr., \§=2 n¥, ws=2 Munits/n¥,

Lp=1.2 tons, w4 Munits/ton, £E=2.08 Munits
(500Munits/30days/8hrs=2.08 Munits), .45

Munits/km (0.31 gas+0.14 tire), S5 Munits, $=3

Munits, Q=0.02, Ncs=16, Hcs=2.4 Munits.

4  Empirical results

Due to confidentiality of personal and company dat
we selected descriptive statistics dpei

protection,
compiled from public reports of the Thai Transptioia &
Logistics Association [21], Transport StatisticsoGp,
Department of Land Transport [22],

express, and ABC company [24], etc. (their idezgitivere
withheld for confidentiality and privacy reasorSjandard
measurements of the statistics are given in Taldayl, the
dimensions of a 20 feet tunnel container are &.Q659x

2.44 cu.mPuandTr fuel and maintenance expenses ar
0.45 and 0.97 THB/km, respectively. Table 2 proside

some basic conversions of rice sacks to be usealiload
computations.

Table 1 Parameter constants

Variable Value Remark
Vp 6.48 1.8x 2.0x 1.8 cni
Vi 38.30 6.06x 2.44% 2.59 cni

(20 ft: 20x 8 x 8.5)
Lp 1.6( ton
L+ 30.0( ton
Sp1 166.6" THB
S 150.00 THB
Su 292.05 THB
Se 262.84 THB
Fp 2358.33 THB
Ft 3787.88 THB
Rp 0.45 THB/km
R 0.97 THB/km

International
Transport Service Providers [23], and SME such ¥Z X

Table 2 Some basic data conversions

1sackof | 100kgs | 1 Large 50 tonnage

rice truck payload

1tonnage | 1000 kgs 1 Small | 1.1 tonnage
truck payload

We utilised available data from local rice farmer's
cooperative that operated as an SME of rice sugudyn.
We adapted the proposed model to analyse logititss
cooperative by using three operating scenarioditraad
freight capabilities as follow: ({} denotes the model's
layer,n=1, 2, 3, 4)

a) Ran small/frequent transportation and
transshipment in-house: {2},
b) Ran small/frequent transportation and

transshipment by outsourcing: {2}, and
¢) Ran short haul transportation and transshipment by
coalition transshipment: {2} + {3}.
The first two scenarios (a) and (b) operated adéegrd
to Figure 1 using moderate sRafleets. The bulky nature
of rice paddies required moRuwu to transport them from
gce field to rice mill than from the rice mill tBC and
community markets since milled rice were filledsecks.

nThus, the need for number®fivaried depending on main

or off harvest seasons since rice were grown y@ane.
I'I'his was apparent from boosted sales of pick-igis/kar,
I.e., 6,878,050 units [22]. Some farmers outsoutcdocal
SME to curb their capital investment. Table 3 lstiew
well-known local SME and international parcel defiy
companies. Their service coverage includes droamod
pick up requests, price estimation, self-collectionline
claims, etc. Most of them operate their own DC fmga
Ration-wide. However, statistics pertaining to thei
operating costs are not made available to pubhasTwe
employed the norm Eq(1) + (2) + (3) and Eq(1) +{2Z3)’
in the cost consideration as shown Table 4.

The third scenario (c) represented conventional
transshipment and logistics that transported tddihestic
SME using small to moderafeu and Tr fleets, and (i)
international companies in GMS region using modetat
largeTr fleet. However, we only focused on domestic SME
in this study. These SME are usually small in tewhs
capital investment, resources, and service covegmae
of them operated coalition service, particularly ewh
transporting large number of rice sacks or bulkpds
items. We considered such coalition services as
outsourcing requests, wherein employing Eq(1) +(&)'
in the cost consideration as shown in Table 5.
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Table 3 Express service company list

Domestic International
Thailand Post, Shippop [25], Inter Express Kerry Express, FedEx Express, DHL, Yusen Logistica\inja
Logistics, TP Logistics, Por Lor Express, Nim | Van, SCG Express, J&T Express, ZTO Express, CJ
Express, Alpha Fast, Sendit [26]. Logistics [26], Flash, FastShip.

Table 4 Estimated operational statistics of SMEagfhario (a) and (b)

do | di tp tt Vp Vi Ip It C1 C2 Ne | Ncs | Ns | Nu Cs TC

77] 328 59 73 37 334 12 258 8,146.3 6,382.8 26 8| 13| 268.9 14,771,

=

87| 342 57 764 46 350 10 279 8,354.2 6,393.0 49 6| 11| 219.8 14,947.

=

86| 293 6.2 74 38 316 09 266 7,939 6,5%8.9 30 7] 14| 272.2 14,740.

(2}

Table 5 Estimated operational statistics of SMEagfhario (c)

do | di tp tt Vp Vi Ip It C1 C2 NeE | Xs | N Cs TC

80| 328 6.0 80 51 346 09 286 8,180.8 6,693.3 &.9 11| 2149 15,097.9
75| 287 58 7.6 48 326 0|7 263 7,806.6 6,365.9 5.2 10| 1934 14,365.9
91| 315 6.1] 79 39 368 06 2742 8,174 6,661.8 4.4 12| 213.5 15,050.7

layered architecture permitted operational shifidfacent
layer that suits the service capability. For exampine
300 multi-branch  SME operated a small city sub-branch

Outsourcing VS In-house Transshipment

550 (limited by the available space) and a spaciousushan
branch to handle layer 1 and layer 2, respectivEhey
200 could share th@u fleet depending on the service load of

150 mC3 each sub-branch. From time to time, shortagewofight

100 mc3 occur during harvest season as the sub-urban braash
overloaded, but could not transfer all availg®lefrom the

50 city branch to keep the service obligation of layer
0 Different course of actions could be taken suchdting

1 2 3 newPu (if budget permits), running for freight forwardin

coalition, or hiring more drivers to fully operagaisting
Pu fleet. Truck driver issue has posted some occoipati

Figure 6 depicts cost comparison between outsayrciffoblems such as wages and demographic change,
and in-house transshipment consideration which alo runfavorable social status, and working conditioBg] [
reflect any significant savings, i.e., the costopérating Additional compensations could be paid but would
city Pu (OoNpceHpcd and short haul trucks (@sHg) —INcrease personnel cost and decrease sale perysrajiod
obtained from Eq(C3) are slightly higher than outsing COMPany profit. Consequently, personnel administiat
lump sum from Eq(C3). Nevertheless, some indireé’t”d operation management would be expensive and

savings of outsourcing other than capital investriierin  In€Vitably disruptive to road freight logistics.
the overhead such as car insurance, maintenance,S€condly, outsourcing and in-house issues had been

depreciation, fuel, direct and indirect driver spdabour Studied extensively where outsourcing was pradyical

relations and management, etc. Some of these @ashesuitable for certain scenarios. In addition to Higove
are out of the scope of this %tudy. outsourcing cost comparison, the issue could béhdor

explained by an operational case in point. A sreaikd
5 Discussion SME in the second layer could operate on a hardfal,

We have established a layered transshipment modtVing only minimal IT equipment installed to méstal
operating flexible management schemes to cover rokg@ulation mandate. They would be reluctant to steite-

freight capabilities that are applicable to SMEcsithey Ol-the-practice gadgets that helped meet the Q-mark
are the principal logistics service providers fdrairrice handbook, thereby the operating cost was minimal. A

farmers. The model practical implication is to fsm t€chnology progresses, so do regulations and stsida
resilient strategies that can be prioritised to the general Change. Keeping abreast with these issues was sixpen

use. There are several noteworthy issues to baefurt 1€y moved to outsourcing because it would offereno
diseussed selections, price competitiveness, having no maantee

Firstly, the proposed model was resilience andtimalc and other operating costs .involved, no _Iabour irat
to utilise available data to be deployed. The hittigal ProPlems, employee benefits/compensations, and most

Figure 6 Outsourcing VS In-house cost comparison
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important of all, the driver occupation problems) e model for a preliminary validation. Although thevsas
contrary, a moderate sized SME (having less firsnciturned out to be moderate, a few innumerable aspmdct
limitations) in the same echelon might recogniswise cost consideration and applicability were arguelérdgth.
expansion opportunity and the urgency of digitaContributions to transshipment and logistics ofirfraight
transformation that brought about fast and inneeati transport are many folds. For example, it will hedse
methods to improve existing operations and raise tlservice quality standard fair andPu operations, foster the
quality of road freight transport. Thus, operatindhouse potential and capacity of transshipment and loggsti
transshipment by exploiting the layered architecfrthe systems in the hands of SME to support trade sectod
proposed model would allow more control and broadeserve as a tool for value added SME when seeking fo
their operational scope from local transportatian tbetter or new business prospectus. The resiliehtbeo
international transportation and logistics firm. &sesult, proposed model not only fits many SME operations in

they could become a quality LSP. Thailand and GMS countries, but also is cost dffedb
Thirdly, some local SME in layer 2 were still rungi  SME in industrialised countries.
an intangible ‘family style' personnel administratiTheir Future work should focus on some of the following

employees were on a life-time employment, receifieg open issues. (1) treatment in the V and L factars f
of charge accommodations, subsidised meals in tleatended coverage using other transshipment medels
company canteen, etc. Such offers might apply t@s DVRP, CVRP, Split VRP (SVRP), and multi-product
immediate family members of the employee as weltross-docking SVRP [6]. The outcomes will certaibly
Consequently, turn-over rate was low. What seemilogé  conducive toward efficient and cost effective plagrand
incentive wage in Thailand by industrialised coigstr scheduling of Tr and Pu transshipment, logistics, and
standards was invaluably offset by the above i@dit management of DC, such as elimination of scheduling
Nonetheless, we only took the wage factor into coskelay or duplication, standardisation of route grasient,
consideration since this old-fashioned tradition swareduction of downtime and rework, etc.; (2) inteigna of
gradually diminishing. transshipment logistics into DC as a one-stop djpers
Fourthly, the proposed model does not incorporde Dmanagement hub and the cost involved; and (3)ftrems
operations into consideration. Thus, complete aeslyof the model into a software tool that will supportviee
logistics and transportation supply chain (suchcdedule quality for the road freight industry and custometh® are
precedence demonstrated earlier) are not suppartes. seeking for qualified logistics operators.
exclusion actually fits Thai SME logistics and
transportation expenditure (which account for 15.3% References
their total expenses) since SME constitute 99.5%hef [1] SON, J.Y., GHOSH, S.: Vendor managed inventory
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