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Abstract: This research aims to create a simulation modéleoéctors' interactions in the distribution offiented cocoa
beans in order to minimize transportation time eosts, ensure quality, and integrate informatiodivelsy within the

cacao agro-industry supply chain using an AgeneBadodelling (ABM) approach. With the enactmentta Village

Unit Cooperative (VUC), it is hoped that farmersiwealize the importance of cocoa bean qualitytérms of

fermentation, which will be provided to cocoa fa@e to comply with the Indonesian National Stadd&NI) 01-2323-
2008. Two proposed scenarios were evaluated, anfirth scenario was selected because it can redistgbution

transportation time by 94%. The results of thisudation show that by implementing efforts, suchreerranging the
interactions between supply chain actors, stremgtigethe involvement of supporting logistics ingibns, and
systematically integrating the management of laggstlements will result in distribution time eféacy, transportation
cost savings, and improved cocoa bean quality.

1 Introduction solutions where methods such as analytical calonkt

A sizeable section of Indonesia's population isimed and linear programming are unable to do so [12f Th
in farming for a variety of agricultural goods fhpking it issues the cocoa factory faces are lack of an atequ
the sector that contributes most to the countnggasnable  supply of high-quality cocoa beans from farmerdayis
development [2,3]. Cocoa is one of the agricultur®@nd expensive distribution transportation, caused b
products grown in Indonesia, where it ranks asstkth- humerous actors must be passed through beforedagtro
largest producer of cocoa beans worldwide [4] Despiis produced. Therefore, this research is condutted
Indonesia's expanding cocoa plantations, farm@nswer the following research question: How can
productivity has decreased, leading to a decremsedoa Simulation of actor-agent interactions based onnige
bean production [5]. High distribution transpowaticosts Based Modelling minimize distribution time and
and the lack of a proper fermentation process émoa {transportation costs in managing the logistics ftufvthe
beans are two issues that the cocoa agro-industsydeal Ccocoa agro-industry?
with [6]. This leads to poor bean quality, farmeedting ] ]
their own prices, a decline in farmer income, cobean 2 Literaturereview

trees that have become too old for harvestinggiTd, land System dynamics, discrete events, and Agent-Based
diversion, also farmer's institutions and organiret play Modeling (ABM) are the three basic approaches to
no significant roles in the economy [8]. simulation modeling . Because cocoa distributicsteans

The actors involved in the cocoa supply chain iare intricate, ABM is an advantageous fit for siating
Indonesia are generally long and complex [9]. Bigmvith  them. According to the ABM paradigm, interactions
farmers, village collectors, sub-district colletor between actors have a significant impact on complex
wholesalers, and finally ending with cocoa facteritn systems that might result in emergent behavior .ABM
order to transport, move, and divert cocoa beans used for experiments by looking at a bottom-up aagin
accordance with the desired time, transportatioadaired [13] Decision makers must define individual behawto
[10,11]. Here, a simulation is needed to depictitraplex the smallest unit of behavior, then global behawiilrbe
system. Simulation models can analyze systemsiadd fformed from a collection of the behavior of various
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individuals [15]. ABM simulation is a modeling andin ReLogo in another study to examine the possjbdf
computational framework for simulating dynamicgrowing the exchange economy and maximising the
processes involving autonomous actors [14]. benefits of co-creation principles to improve faagply

In a research study by [16] there were 82 reviefvs §20]. Additionally, ABM is used in NetLogo to highht
Agrifood Supply Chain articles and then 5 (fiveln#ar the issues of operational and investment riskisérstipply
articles were added, bringing the total of 87 &tieviews. chain for palm oil [19]. Notably, none of the resgsa
Nineteen articles discussed specific commoditiesels studies directly addressed logistics-related trariapon
papers were from Indonesia, and four journal papsesl and distribution issues within the fermented cobean
the ABM method [17-20], but not on cocoa produatsd  supply chain.
only 1 (one) discussed logistics of cocoa suppdircfill] The cocoa supply chain is a complex system, so a
in South Africa. decision-making process can be modeled by repiagent

There are different types of studies concerningstazy  the real conditions of the system under study dggiired.
simulation on agro-industry supply chains, suchttes However, there is no research on cocoa commodiiggs
study by [11] that improved an agro-industry supgigin  discusses the interaction simulation model betvestors
logistics performance assessment model and implemhenin the transportation and distribution of fermentetoa
it in the cocoa supply chain in the Ivory Coastwvidiscrete beans, paying attention to communication betweéorsic
Event Simulation and the study by [17] with AgergsBd involved in the interaction and quality assuranéehe
Simulation (ABS) implemented a Netlogo model talelivered fermented cocoa beans. According to buwve
evaluate farmer behavior in low-middle income coest description, the aim of this research is to moda t
specifically their roles in buying and selling, ahé their transportation system by simulating actor intecacténd
impact on cattle population and production of milkese then identifying and describing the individuals t¢as)
studies contribute to understanding and improvaggstics  within a complex and dynamic system using ABM and
and decision-making processes within agro-industrinylogic.
supply chains.

A hybrid simulation model was developed, utilising3 M ethods
NetLogo and integrating ABM and Dynamic Systems t8 1  Cacao agro-industry supply chain
estimate the sustainability impact of various rubtvee Cacao plants grow well near the equator. One hga t

rgplanti.ng scengrios. An early framework for CcomepUt has good prospects is Central Java, Indonesiar@eiju
simulation experiments was developed [18]. ABMs$sd
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Figure 1 Research area source: results of analygithe author
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Batang Regency is considered to represent the cocoa distribution of cocoa, which comprises five actors:
agro-industry supply chain because it has the same farmers, village collectors, sub-district collesor

characteristics as cocoa producers across Indorersia
had an area of smallholder cocoa plantations iatgll
595.42 hectares and a total production of 2092uTtajs
(Central Bureau of Statistics for Batang Regen6222.

However, a number of issues are currently affecting.
Batang Regency's cocoa crop, leading to decreased

productivity. Problem identification is done by kiog at

some of the problems in cocoa agriculture in Batang

Regency, Central Java, Indonesia. Because thegwrade
satisfying the need for cocoa beans' raw matanatdves

wholesalers, and intermediary factories. It also
includes information about the distances between
actors, the amount of time it takes for distribotio

be processed, and the actors' modes of transpaortati
Focus Group Discussions (FGD): interviews are
conducted by communicating with farmers, and other
actors involved in the cocoa supply chain. The data
obtained are the mode of transportation,
transportation costs, the location of the actors
involved, and other data needed in the research.

a complicated system, productivity may suffer.

Real condition model is represented in the systéim w  Secondary Data Collection:
a rich picture in Figure 2 Farmers are reluctarfetment The literature relevant to the research was used to
cocoa beans, so the quality degrades. One method &@quire secondary data. Actor coordinates, thetatian's
ensuring that cocoa beans correspond to SNI Coeaas8 area, and other information required for this redeare
01-2323-2008 is fermentation. Cocoa produced withopart of the data collected.
fermentation also has a poor flavor.

3.1.2 Timecalculation for thetransportation

3.1.1 Datacaollection process and calculation of transportation

The data used are primary and secondary data. costs

Primary Data Collection: Calculation of cocoa transportation time consists o
1. Observation: In the field, direct observation isalculation of setup time, travel time, loading dim

performed. The information acquired pertains to thanloading time and total time.

Table 1 Calculation of cocoa transportation time

No Variable Descriptior Formule
1 Setup time is the preparation time for the mSetup Time = Setup Time per Carriage
Setup of transportation which includes checking Frequency.
Time mode of transportation, warming up the enq
and preparing fuel o
2 Loading Loading time is the time needed to load ccFrequency= "Dried Cocoa Beans (kg)" /"M

time beans to the mode of transporta

Capacity (kg)
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Loading Time= Frequency x Average Loadi

Time
3  Travel timeTravel time is the time required by modeTravel Time = "mileage (km)" /"Mod:
transportation to move from one agencySpeed (km/h)"
anothel
4 Unloading Unloading time is the time needed to mUnloading time =  Frequencyx  Avera(
time cocoa beans from the mode of transportaticUnloading Time
storage
5 Total time The total time is the time taken by the mode Total time = Setup Time + Loading tin

transportation in the cocoa distribution proc+ Travel time + Unloading time
starting from setup time, loading time, tra
time, and unloading tim

Table 2 Calculation of cocoa transportation costs
No Variable Descriptior Formule
1 Mode oiThe cost of maintaining the mode Maintenance Fee = Maintenance fee
Transportation transportation is the cost for routine servicMode x Number of Modes
Maintenance of the mode of transportation.
Cost:
2 Loading costs Loading costs are costs required to load c Loading Cost = Wages per Loading
beans to the mode of transportai Frequenc
3  Travel costs Travel costs are the costs required for mod'Wages Cost = Wages per Transpol
transportation to move from one actor Frequency
another Travel Cost = Wages Cost + (Fuel Co
Distance x Frequenc
4 Unloading costdJnloading costs are costs required to mUnloading Cost = Wages per Unloadin
cocoa beans from the mode of transportaticFrequency
storage
5  Total cost The total cost is the cost required by the nTotal Cost = Mode Maintenance Cos
of transportation in the cocoa distributLoading Cost + Travel Expenses
process, starting from the cost of maintairUnloading Fees
the mode, loading costs, travel costs,
unloading cost

The calculation of cocoa transportation costs @ssi proposed scenario consists of farmers, productegsicg
of calculating the maintenance of the transpontatiodes, units, village unit cooperatives and cocoa factorie
travel costs, loading costs, unloading costs atad tosts.

a. Existing actor interaction

3.2 Conceptual model of agent based Existing scenario consists interaction of farmepes;
transportation modeling village collectors, district collectors, wholesaleand
Finding the actors having an active role in th&€0coa factories. .
observable system is the main task of ABM. Accaydim Farmers take on the role of actors in the use fase

[21], actors are parts of the system with charasties, €Xisting actors, performing the cultivation, andviqat!ng
behaviors, and the capacity for decision-makingf cocoa as well as post-harvest tasks such fraking
Developing a conceptual model and a simulation rhisde and drying. The interaction between farmers anihgel

the next step. collectors then takes place, with farmers commuimiga
messages or information about agricultural prodtiuas
321 Actor identification and scenario are available for purchase after being dried afdhmer's

Two proposed scenarios were created after C0n§u|tiwarehouse. The village collectors responded to this
with cocoa specialists in the Batang District sifiséd ~information by establishing a price and conducting
study revealed that the current scenario, whicluitert transactions for buying and selling cocoa beans by
five actors in the distribution process, was nettiast one. obtaining them directly from the farmers. The Farshe
The first proposed scenario consists of farmeligge unit  role is only limited as the price taker. The negktis for

cooperatives and cocoa factories, while the secon#llage collectors to assess the cocoa beans' watetent
quality. It will be dried again if the water conteis

determined to be inappropriate.

@ OB ~ 784~

BY _N¢ Published by Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics

Volume: 12 2025 Issue: 4 Pages: 781-797 ISSN 1339-5629

Fermented cocoa bean logistics in an emerging country: an Agent-Based Modelling approach
Dwi Novirani, Pradono Pradono, Gatot Yudoko, Kiyoshi Dowaki

Agent Identification

Distribution Process Flow and Existing Scenario Behavior

Information Flow Cacao Bean Flow
l ‘ Village District : ‘
Farmer —— callector J—» Callactor J—> Whole Seller J-—» Cocoa FactoryJ
Cash Flow

Farmer

Collection of cocoa beans

Collection of cocoa beans

Cocoa Factory

* Check dryness level District * Check dryness level
 Sortation Collector * Sortation
é&' /\-D:stribution . v .
Q/ /ﬂ = L
* Cultivation a J i B G
« Harvest * Collection of cocoa beans » *,' kl
« Cracking of Cocoa Fruit Village * Check dryness level
. Collector * Sortation Whole Seller

Drying of cocoa beans

* Distribution

Cacao Farmer

i' : AN
Farmer

[ Existing agent interactions J

Cacao
cultivation
Cacao
Harvesting

Post Harvest
Processing

Selling
cacao bean

Cocoa Butter
Processing

Cocoa Powder
Processing

Cocoa factory

Figure 3 Actor identification and use case diagrfambehavior of actor existing scenario
source: results of analysis by the author

After the cocoa beans are prepared for distribytion
next contact occurs when village collectors comrmatei
with sub-district collectors by sending them messagr
information. The sub-district collectors then resged to
this information by agreeing on a price, and tHe sad

availability of cocoa beans that are ready forritigtion.
In response to this information, the cocoa factiegides
the price, and the factory purchases cocoa beaestlgl
from wholesalers. The factory then inspects theoaoc
beans to ensure they fulfil quality standards hefo

purchase transaction was completed by the subetlistrprocessing them into cocoa butter and cocoa powidier.

collectors taking the cocoa beans directly fromagg
collectors.

This interaction is known by the overall activitfytbe
actor, which is illustrated by the use case diagiam
Figure 3. District collectors communicate with whsdlers
by sending them messages or details on the suppbcoa
beans in warehouses that are available for distoibu
Following this information, the wholesalers carmt ¢the
purchasing and selling activities by obtaining tleeoa

cocoa factory will return any goods that fall shoftthe
required standard to the wholesalers.

b. First proposed actor interaction

The first proposed scenario consists interaction of

farmer actors, village unit cooperatives (VUC) anndoa
factories. This interaction is known by the ovegativity
of the actor, which is illustrated by the use adisgram in
Figure 4. VUC is an institution in which there igjaality

beans directly from the sub-district collectors. eThcontrol unit for the fermentation and drying pracesthe

following interaction takes place between wholesatend
cocoa factories. Wholesalers inform cocoa factafabe

cocoa beans done by the farmers. In this unit thene
information sharing on how the farmers should bmglo
the fermentation and drying process based on the SN
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Figure 4 First proposed scenario behavior actoritification and use case diagram
source: results of analysis by the author

The first proposed of an actor use case depiatsefier The cocoa factory and the VUC interactions comes
as the actors who cultivate, harvest, separatiagrthits, next. The cocoa factory receives information frane t
sorting and fermenting the cocoa beans as the gt  VUC regarding the availability of cocoa beans thet
post-harvest processing in accordance with thegbiin  ready for distribution. In response to this infotiom, the
by the VUC. Interaction between farmers and VUCgocoa factory and the VUC negotiates on the price,
specifically farmers communicating with cooperasiven engaged in trade with the factory, and acquirecctiema
the availability of harvested cocoa beans that Hsen beans directly from the VUC. The factory then goes
processed and are stored in the farmer's wareliousale. through the process of examining the cocoa beaadity)
VUC purchase fermented dried fermented cocoa bealsfore processing them into cocoa butter and cocoa
from farmers. In response to this information,\t¢C and powder. The cocoa factory will return any goodd fad
the farmers negotiate on the price agreement, asHort of the required quality to the VUC.
purchasing and selling operations were complet¢il tive
cooperative acquiring the cocoa beans directly fthm ¢. Second proposed actor interaction
farmers. The water content of the cocoa beansem th Second Proposed Scenario Behavior consists
inspected to determine their quality. It will beedr again interaction of farmer actors, product processirigsu’UC
if the water content is deemed to be unsuitable.ddtoa and cocoa factories. This interaction is known hg t
beans’ quality is guaranteed by the VUC itself iroverall activity of the actor, which is illustratbég the use
accordance with cocoa factory requirements. case diagram in Figure 5. The next interactioretsvben

the product processing unit and the VUC. In this
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interaction, the product processing unit informs YHJC  directly from the processing facility. The VUC neask is
that there are ready-to-distribute cocoa beandadlai In  to inspect the cocoa beans’ quality. If unsatisfactocoa
response to this message, the VUC negotiated &, prics discovered, it will be sent back for further ggesing to
conducted purchases and sales, and took the ceewe b the product processing unit.

Agent Identification
Distribution Process Flow and Second Proposed Scenario Behavior

Information Flow Cacao Bean Elow
| Results Village Unit
Farmer —— Xz . — ‘
[ ) Processing Unit | Cooperative Cocoa Factory |
Cash Flow
Farmer + Collection of cocoa beans ) )
* Fermentation Village Unit
* Drying Cooperative

% /—\\ Distribution K‘ ‘ :.‘)

‘ o % A o
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\:*»- A

* Harvest v_/ y \_// W‘
« Cracking of Cocoa Fruit $ * Collection of cocoa beans \\v

* Sortation
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Second Proposed Agent Interactions

‘ Cacao
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Cacao
Harvesting
w

jé

<

Result Processing
Unit

Village unit
Cooperative

Post Harvest
Processing
Selling
cacao bean

Cocoa Butter
Processing

Cocoa Powder
Processing

Figure 5 Second proposed scenario behavior actentification and use case diagram
source: results of analysis by the author

The use case for the second suggested actmntent of the cocoa beans is checked for quafitsn
demonstrates how farmers transform into actors whmproper water content is discovered, it will tHendried
handle cocoa cultivation and harvesting. The fagiieen once more. According to the SNI from the cocoadigt
handle post-harvest tasks like fruit splitting.el@tction the processing unit itself ensures the cocoa beaatity.
between farmers and production facilities happened, The next interaction is between VUC and the cocoa
specifically farmers communicating with producebeiat factory. VUC sends information to the cocoa faciarthe
the availability of splitted harvested cocoa bdansale in  form of the availability of cocoa beans that aredseto be
the farmer's warehouse. Farmers supply producepsirty  distributed. This information was then respondebiytéhe
units with wet cocoa beans. The product processiiig cocoa factory by negotiating prices and the traisac
are the units that will do the fermentation anddhgng of process was carried out by the cocoa factory anthtttory
the cacao beans in accordance with the SNI. Thdupto takes the cocoa beans directly from the villaget uni
processing unit negotiates a price in responsehi® tcooperatives. The next activity is that the cocaetdry
information, and the buying and selling of cocoariseare checks the quality of the cocoa beans, after witieltocoa
carried out by the product processing unit purcitashe beans are processed into cocoa butter and cocodepow
beans directly from the farmers. The quality of cocoa beans which are below factory

The product processing unit done the fermentatimh a standards will be sent back to them.
drying processes as the next activity. After tha, water
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3.22  Simulation program conceptual model the input to be included in the simulation modehem
This section explains how the conceptual modeiffer models and simulations are made with three scexdrio

simulation program of the cocoa transportationesysivas  which the interaction process contains informatibaring

created. Making the model concept starts from titpuwd, [22,23]. The conceptual framework can be seen in

namely minimizing the time and distance of trantgi@n Figure 6.

as well as the quality of the cocoa beans. Nexrdehe

Conceptual Framework for Simulation of Inter-Actor Interactions in Cocoa Bean Distribution

i o
S ‘Wholesalar

- |Proposed scenaric 1
Farmer
Copparative

Proposed scenario 2

Reudts
Processing
unit

Village Linlt
Coaperafive

@

Figure 6 Conceptual framework for simulation of cadean, transportation and distribution system
source: results of analysis by the author

3.23 Cacaodistribution flow chart cocoa is available at the initial actor, the mode o
The process of distributing cocoa starts with aao$et transportation's capacity for transport, and it#tiah
initial actor conditions that include figuring dubw much  position.

Figure 7 Cacao distribution flow chart, source: uéts of analysis by the author
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The location of the mode of transportation is athea mode of transportation has returned to the degtimat
destination actor. Furthermore, the initial actetedmines actor, the process of unloading the cocoa beacariged
whether there are any fermented cocoa beans in thet. If after transportation the amount of cocoailable at
warehouse; if there are more than the mode dffie initial actor is more than 0O, the destinatiatoa will
transportation can carry, the initial actor nosfithe carry out the transport process again until cocea i
destination actor that the sale of fermented cdmemns available = 0. Output +1 indicates a shipping pss@nd 0
may proceed. The setup of the mode of transpontaticndicates no shipping process, can be seen indigur
happens when the destination actor has confirmtdthe
initial actor. 3.24  Scenariodata

The destination actor sends a mode of transpant&dio Scenario data about the initial actor and destinati
take the cocoa beans to the initial actor's looafide next actor, as well as transportation capital, modahcayp, and
process is loading cocoa beans for delivery. When tlocation, which are listed in Table 3-Table 5.

Table 3 Existing scenario

iy o Modes of : \ ;
Initial Actor Destination Actor fransportatio Capacity (kg)Location
Cocoa farme Village Collecto Gabion mota 10C Village Collecto
Village Collecto District collecto Gabion mota 10C District collecto
District collecto Wholesaler: Truck 2.00( Wholesaler
Wholesaler Cocoa factor Truck 2.00(C Cocoa factor
Table 4 First proposed scenario behavior
. o Modes of Capacity ]
Initial Actor Destination Actor transportatio (kg) Location
Cocoa farmer Village Unit Truck 1.OOCV'”age Unit
Cooperativ Cooperativ
Village Uf"t Cocoa factory Truck 2.00CCocoa factory
Cooperativ
Table 5 Second proposed scenario behavior
. L Modes of Capacity ]

Initial Actor Destination Actor transportatio (kg) Location
Cocoa farmer Sﬁﬁmts Processing Truck Pickup 1.000 Sﬁﬁmts Processing
Re_sults Processing Village Unit Truck Pickup 1.OOOV'”age Unit
Unit Cooperativ Cooperativ
Village Uf"t Cocoa factory Truck 2.000Cocoa factory
Cooperativ

3.25 Conceptual model validation selection of the type of actor consists of a pamiaof
The conceptual model produced using the real mddelactors, a single actor and actor type only as shown

cocoa distribution system underwent the initiaidegion
test to demonstrate its applicability. This init@lidation
test was conducted after direct consultation wibkcoa
experts.

3.26  Simulation model

Figure 9

The next stage is to fill in the process of acidivity
in the model. In this process, the location paamtsplaced
in the model environment, adding the required patars
and variables, adjusting the settings in the prodegic,
such as input settings and actor specifications. ddtoa

The following are the steps involved in utilizingdistribution model in Anylogic software is desciibesing
Anylogic software to create a simulation of cocogrocess modeling and state charts that have biexhifi

transportation.

with process logic and actions in each state arsdribe

1. Determining the location on GIS Maps as showhow the actors’ activities, shown in Figure 10 with

in Figure 8.
2. Making the actors in Top Level Actor.

elements being used in the simulation Table 6.
3. Performing Analysis of Simulation Results and

The Agent-based modeling method is used to descriBerforming Scenario Comparisons

the model of the cocoa distribution system.

The best scenario for the supply chain of cocoabea

The action chart diagram on the main as the Togelev in Batang Regency was determined by comparing each

Actor is an initial interpretation of the model ééapment

scenario while considering the time and cost of

that governs the simulation process. Furthermdmne, ttransportation as well as the quality of the cdoeans.
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Figure 10 Process logic model
Table 6 Elements being used in the simulation [24]
No Simbo Elemert Descriptiot
As the starting point of the process model

1 '::?4. Enter gp P

2 ]:D Queue
3 @ Delay

4 T Seize

5 '-'i'|"'i'| Resource Pool

6 o Exit

7 - Release

8 ':F"} Time Measure Start
9 ‘}':F' Time Measure End
10 <> Select Output

An actor queue element waiting to be received emtxt object in the process

flow. This queue process can be FIFO, LIFO andrjtyibased.

Actor delay for a certain period of time.

Used to collect resource units from a specific uese pool.

Defines a set of available resources using SeigkeaRe and Service.

Used to complete actors, i.e. endpoints in thegssenodel.

Releases resource units that have been collectsdibg.

This block measures the time that the actor passedgh it.

For each actor that enters, this block measuresitigespent since passing throug

one of the appropriate Time Measure Start blocks.

etc.

Can be used to sort actors based on certain ariterrandomly split actor stream

=

Py

4 Resaultsand discussion
41 Simulation result of cocoa

transportation
1.  Simulation Result of Existing Scenari

beans

The results of this simulation are the transpartatime

Table 7.

(o]

and cost of cocoa beans based on calculationshéor t
existing scenario which can be seen in Figure 1d an
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Figure 11 Simulation result of existing scenario
Table 7 Simulation result of existing scenario
Total Tim Total t (R
No Actor otal e otal Cost (Rp)
(hours
1 Farme-Village Collecto 7.101,5C 84.431.72
2 Village Collecto-District Collecto 7.17¢27 86.175.44
3 District Collector—Wholesaler 47€,54 56.384.00
4 Wholesaler-Intermediary Factorit 3778 63.737.60
Total 15.137,08 290.728.76

2. Simulation result of first proposed scenario

first suggestion scenario which can be seen inrgig2

The results of this simulation obtain cocoa beaand Table 8.

transportation time and costs based on calculafmrthe

@0 ©

~ 792~

Published by Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 4 Pages: 781-797 ISSN 1339-5629

Fermented cocoa bean logistics in an emerging country: an Agent-Based Modelling approach
Dwi Novirani, Pradono Pradono, Gatot Yudoko, Kiyoshi Dowaki

@ kualtass
enterKUD ordersUOueue distStart takelélotor Ioadomg unloagmg releaseVehicle distEnd fermengasiUPH pengebringanUPH cekKB\fa“i(las exitkUD
N &> \] ) z =Y N )
"‘{;_mmm ' 114114 m O 114 g
0 106
trukPickUpKUD O inku
3"’"@ Ggpickum(uo distStart1 pengeringan distEnd ex:xl:fu103$
< &> PO »6
E O aam g
KUDSubah
0.8 25
0.6 245
04 24 - - Syt —t— et
’ M — 2
e ! j N xﬂ‘ -
0 0 i 73
08 1 12 14 1.6 0 500 1.000 300 400 500 600 700
@ \Waktu Distribusi Koperasi Unit Desa 1.01 @ Waktu Distribusi Koperasi Unit Desa @ Waktu Proses Ulang
distEnd  distEnd1
root.koperasiunitDesas[1].disteEnd: TimeMeasureeEnd | root.koperasiunitDesas[1].distEndl: TimeMeasuretnd
in: 114 in: 8
out: 114 out: s
Time distribution: Time distribution:
Count 114 count 8
Mean 1.01 Mean 24
Min 0.805 Min 24
Max 1.559 Max 24
Deviation 0.117 Deviation 0
Mean confidence 0.022 Mean confidence 0
Sum 115.172 Sum 192
From To PDF(hits) COF(cum hits) From To PDF(hits) CDF(cum hits)
0.8 0.9 10 10 24 24.1 8 8
0.9 1 10 20
1 1.1 88 108
1.1 1.2 0 108
1.2 1.3 2 110
1.3 1.4 0 110
1.4 1.5 =) 113
1.5 1.6 1 114
Figure 12 Simulation result of first proposed saéma
Table 8 Simulation result of first proposed sceoari
Total Time Total Cost (R
No Actor (Rp)
(hours
1 Farme-Village Unit Cooperativ 615,93 66.325.80
2 Village Unit Cooperativ—Intermediary Facto 35(,5¢ 63.836.60
Total 96€,53 130.162.40
3. Simulation result of second proposed scenario and cost required to transport cocoa beans arershow

Based on calculations for the second suggestéigure 13 and Table 9.
scenario, the simulation's findings for the amaaftime

@ o)) ~ 793~

BY _NO Published by Acta Logistica, www.actalogistica.eu



- International Scientific Journal about Logistics
Volume: 12 2025 Issue: 4 Pages: 781-797

Acta logistica
ISSN 1339-5629

Fermented cocoa bean logistics in an emerging country: an Agent-Based Modelling approach
Dwi Novirani, Pradono Pradono, Gatot Yudoko, Kiyoshi Dowaki

G kualitass
enterUPH ordersQueue distStart  takeTruk sel%p loading unloading releaseVehicle distEnd fermentasi pengeringan cekKBLTalﬁtas exitUPH
. N ®> . N 2 2 N N >0 2 N V< (o]} )
*‘?4—114‘ .T‘IM 114 114 114 114 114 114 114 114 114, 114 1k1_, 114, 114 114 102 A0S |0?
0 G 0
OIPOLSJP]BZ
trukPickUpUPH distStart!  pengeringan2  diStENd1 gyin )pp1
% 551 @ nPickUpUPH Cs MOk »%
22 - 12 12 12 L
08 . UPHSubah
: Wl o VAT T
06 ‘ Wi L
r\[ q ”lwx
04 “ ‘ | ————
2| ]
0
B 1.2 13 14 400 600
@ Waktu Distribusi Koperasi Unit Desa 1.32 @ \Vaktu Distribusi Koperasi Unit Desa @ Waktu Pengeringan Kemt
distEnd distEnd1
root.unitPengolahanHasil[1].distEnd: TimeMeasuretEnd root.unitPengolahanHasii[1].distEndl: TimeMeasuretnd
in: 114 in: 12
out: 114 out: 12
Time distribution: | Time distribution:
Count 114 count 12
Mean 1.32 Mean 24
Min 1.149 | Min 24
Max 1.39 Max 24
Deviation 0.071 Deviation 0
Mean confidence 0.013 Mean confidence 0O
Sum 150.528 Sum 288
From To PDF(hits) CDF(cum hits) From To PDF(hits) CDF(cum hits)
A 152 13 13 24 24.1 12 12
1.2 3 22 35
dv3 1.4 79 114
Figure 13 Simulation result of second proposed aden
Table 9 Simulation result of second proposed sdenar
Total Time  Total Cost (R
No Actor (Rp)
(hours
1 Farme-Results Processing U 71¢,0C 66.641.30
2 Results Processing U-Village Unit Cooperativ 1.227,51 61.891.70
3 Village Unit Cooperativ—Intermediary Facto 35(,5¢ 63.836.60
Total 2.297,1C 192.369.60

4.2 Discussion

The simulation results, considering the commurieati The analysis of the statement shows several immorta
indicators, show that the validation test using SPSpoints (Table 11):
software needs to be done before scenario analysic 1. Cost Efficiency: The first proposed scenario
conducted. Data processing using SPSS softwareéelita shows significant cost savings, being Rp 160,565 &6
a Sig. (2-tailed) with a value of 0.541. These Itesu 55.3% cheaper than the existing scenario. Thisates
indicate that Sig. (2-tailed) of 0.541 > 0.05, $&™is that the first scenario is more economical andreglice
accepted and "HMis rejected, meaning that the real systerthe burden of transportation costs substantially.
transportation time is not significantly differeinom the 2. Operational Effectiveness: By involving only

simulated transportation time. Based on these tspghle
simulation that has been designed can be said tallze
These results can be seen in Table 10.

The first proposed scenario has a shorter traresgoomt

three actors (farmers, village unit cooperatives| eocoa
intermediate factory), the first scenario is simpled more
straightforward. This reduces the complexity of sheply
chain and allows for a faster and more efficiesatribution

time of 966.53 hours compared to the existing stena process. _

which is 15,137.08 hours, while the second propos: 3. Product Quality: VUC actors who carry out the
scenario is 2,297.10 hours, according to the sitioula fermentation process ensure that cocoa meets SNI
results of the three scenarios. These findingsestggtime 2323:2008/Amd1:2010 standards and cocoa factory

reduction of 94%, or 14,140.55 hours.

standards. This shows that the first scenario tsondy
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cheaper and faster but also maintains the qudlityedinal
product.

4. Reduced Transportation Time With fewer
actors involved, the time required to transportoeofrom

farmers to factories is reduced. This means thaduymts
can reach the factory faster, reducing the riskjulity
degradation during transportation.

Table 10 Model validation utilizing SPSS software

Independent Samples Test

Levene’s Test for

t-test for Equality of

Equality of Variance Mean:
95% Confidence
Interval of The
Difference
F Sig t df Sig. Mean Std.Error  Lower Upper
(2-tile)  Difference  Difference
Equal 280 .607 -.630 12 541 -2789.254 4430.49 -12442.46 6863.95
Distribution variances
time assume
Equal -.63010.3 543 -2789.255 4430.49 -12621.39 7042.88
variances
assume
Table 11 Results and analysis time and cost, sougsalts of analysis by the author
No Agerit Scenario Tptal Time Saving Total Cost Saving Condition

(Hour)  Time (IDR) Cost

Village
Collector

District

1
collector

cocoa
Farmer Wholeseller intermediate
L Vfactory )
cocoa
i it \ 5
2 m éllllage Uk intermediate
ooperative
factory )
» Village Unit oos
5 Farmer Cooperative intermediate
| factory )

Results
Processing
Unit

Existing

First Proposed

Second
Proposed

Quality is not good

Long Supply Chain,

High Transportation
Costs

15.137,08 290.728.760 Non- Fermentation

Good quality Short
Supply Chain

966,53 94%  130.162.400 55%  Fermentation

Very Good Quality
Short Supply Chain

2.297,10 85%  192.369.600 34%  Fermentation

Overall, the first proposed scenario offers a noors-
effective, efficient, and effective solution in m&iining
product quality while speeding up the distributmncess.
The long-term impact of the first proposed scenamio
cocoa distribution could include several impori@spects:

1. Product Quality Improvement: With the

4. Local Economic Impact: With higher efficiency
and lower costs, farmers and cooperatives canleitar
incomes [30]. This can have a positive impact enltical
economy, improving the well-being of the farming
community [31].

5. Environmental Sustainability: Efficiency in

fermentation process carried out by VUC actors, theansportation can also reduce the carbon footpfirhe

quality of cocoa beans will be better maintained areet

distribution process, supporting more sustainable

the standards of SNI 2323:2008/Amd1:2010 as well agricultural practices [32].

cocoa factory standards. This can increase

the

competitiveness of Indonesian cocoa products in the Overall, the first proposed scenario not only affer

international market [25]

short-term advantages in terms of cost and timealaat

2.  Supply Chain Efficiency: Reducing the number has the potential to have a long-term positive ichyan
of actors in the supply chain can improve operationproduct quality, operational efficiency, local eoaties,

efficiency and reduce distribution times [26]. Thigans
that products can reach the factory faster, redpitia risk
of quality degradation during transportation [27].

3. Cost Savings: Significant transportation cost

and environmental sustainability.

5 Concluson
The results of the actor interaction simulatiomgshe

savings can increase profit margins for farmers anfgent-Based Modelling approach show that the first
COOperatlveS [28]Th|s could also allow furtheraetment scenario inv0|ving |Ogistics institutions as Supm

in the technology and infrastructure that suppodsoa
production [29].

elements is able to optimize the management of mahte
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information, and financial flows along the cocoacag
industry supply chain. The effectiveness of infatiora

exchange between supply chain actors and institsitio

plays an important role in accelerating logisticsve and
shortening transportation distribution times. Irdigidn,
the management of material flows by VUC actorcri
in accordance with logistics technical standards$ 8N
provisions produces high-quality cocoa beans. imétion

system integration also supports the smooth managem

of financial flows, including payments and disttfion
operational costs. Meanwhile, the arrangement afidiu

flows involved in the logistics process becomes anor

structured and efficient.

in smallholder cocoa farms of Indonesia under \weia
climate and market pricedgricultural Systemsyol.
178, No. February, 102759, 2020.
https://doi.org/10.1016/j.agsy.2019.102759

[6] SENTHIL, H., JANVE, M.: Al techNo.logies shagjn

the future of the cocoa industry from farm to fosk:
comprehensive  review, Food Science and
BiotechnologyVol. 2025, pp. 1-25, 2025.
https://doi.org/10.1007/s10068-025-01848-5

[7] SOMARRIBA, E., PEGUERO, F., CERDA, R.,

OROZCO-AGUILAR, L., LOPEZ-SAMPSON, A.,
LEANDRO-MUNOZ, M.E., JAGORET, P,
SINCLAIR, F.L.: Rehabilitation and reNo.vation of

These findings prove that rearranging interactions cocoa (Theobroma cacao L.) agroforestry systems. A
between supply chain actors, supported by logistics review, Agronomy for Sustainable Developmevi).

institutions that function as information managersd
process facilitators, is able to create transportatost
efficiency, accelerate distribution, and improve tuality
of agro-industry products simultaneoushhese findings
are expected to aid in policy decision-making eslab the
transportation and distribution of cocoa beansnimaace
national revenue [33]. Future studies will exanfameners'
intentions to ferment and the emergence of thistjpato
increase productivity in an Emerging Country.
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