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Abstract

Coal distribution is crucial in Indonesia’s mining industry. Due to the country’s complex
archipelagic geography, coal distribution has become a challenge for the mining industry.
As one of the coal mining companies, XYZ company, which is located in South Sumatera,
Indonesia, has experienced export shipment delays due to the reliance on transportation
modes in the area. Therefore, we developed a coal distribution system which considers
multimode transportation options using mixed integer linear programming to minimize
delays and transportation cost. Based on the results, the distribution delays were reduced,
as well as the transportation cost related to penalty of the delays.

Keywords: coal distribution; mixed integer linear programming (MILP); trucks; train; Port
SDJ; port TAA; shipment delay; export deadline; penalty

1. Introduction

Indonesia’s mining sector plays a vital role in the national economy, with coal serving
as one of its primary export commodities. However, the country’s archipelagic structure—
comprising over 17,000 islands—poses significant logistical challenges. Poor multimodal
integration significantly increases Indonesia’s logistics costs [1].

PT XYZ, a mining company based in South Sumatra, currently employs a single-mode
distribution system. Coal is transported from the mining pit to a stockpile at KM 36, then
hauled via dump truck to Port SDJ. From there, it is shipped by barge to the anchorage
point at Muara Tanjung Kampeh. Figure 1 shows the geographic layout of the coal logistics
network, including the mining pit, the stockpile, and both ports (SDJ and TAA). The
distances and travel paths between the origin and each port are compared to demonstrate
the potential time advantage of using Port TAA due to its closer proximity to the anchorage.

The total transportation time includes approximately 18 h of sailing time, which is a
problem because a lengthy route often results in shipment delays, port congestion, and
financial penalties due to missed delivery deadlines [2]. Figure 2 illustrates several trips
during a specific month in 2025. To address these issues, we developed a multimodal
distribution strategy by integrating railway transport from the stockpile to Port TAA,
which is closer to the anchorage point. The redesigned system is expected to improve
efficiency, reduce total shipment time, and minimize the risk of late deliveries [3]. Figure 2
also illustrates the diagram of delays for the actual delivery time from the delivery deadline.
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Figure 1. Coal logistics network of PT XYZ.
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Figure 2. Delays of delivery time from delivery deadline.

We developed a mixed integer linear programming (MILP) model that optimally
allocates coal volumes between the two transport routes and evaluates the benefits of the
proposed dual-mode distribution approach in achieving timely exports.

2. Literature Review

Wicaksono et al. [4] explored the use of MILP in optimizing power generation sched-
ules, showing relevance for coal logistics planning. Cao [5] and Wang and Han [6] discussed
transportation algorithms using Al and ant colony optimization. Gao [7] and Bodhi et al. [8]
supported the importance of optimization algorithms in improving routing decisions, espe-
cially in dynamic environments. Hevlie et al. [9] developed a route optimization model
using linear programming for coal transportation in Indonesia. Prasetyo et al. [3] assessed
productivity factors of heavy equipment used in coal mining, showing that transportation
modes impact operational efficiency.

Chopra and Meindl [10] emphasized the strategic role of supply chain planning and its
alignment with logistical execution. Suseno [11] analyzed internal and external delay factors
in coal transportation, aligning with the operational issues faced by PT XYZ. Sariguna
and Kennedy [12] explained that high logistics costs in Indonesia are strongly tied to long
dwelling times and infrastructure issues. Nisa et al. [2] found that industrial concentration
and high input costs decrease coal efficiency. Iskandar and Arifin [13] emphasized the
importance of data-driven analysis for improving logistics performance across regions
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in Indonesia. Rafi [14] further supports the need for a structured multimodal model in
archipelagic nations like Indonesia.

While previous studies focused on general optimization methods, infrastructure limi-
tations, or transportation cost efficiency, this research aims to address shipment timeliness
by integrating multiple transport modes—truck and railway—into a dual-port dispatching
system. The novelty lies in combining operational scheduling and port selection under
MILP formulation to minimize total shipment duration, especially in the context of export
readiness for coal logistics.

3. Problem Identification

The coal distribution problem at PT XYZ is modeled as an MILP optimization problem,
which enables the selection of the most efficient transport mode combination (trucks and
trains) for each shipment request. The solution helps minimize the total delivery time to
the mother vessel by considering transport capacities, travel duration, number of vehicles,
loading time, and sailing time to the anchorage point.

In this model, the main decision variables include the volume of coal allocated for
delivery to Port SDJ using trucks and to Port TAA using trains, as well as the number of
barges used from each port. The objective function was formulated to minimize the total
delivery time, subject to constraints such as vehicle capacity, barge limits, delivery deadlines,
and total demand fulfilment. This model supports efficient and timely routing decisions
that help avoid delays and reduce penalty costs. Table 1 shows the sets, parameters, and
variables defined in this study.

Table 1. Sets, parameters, and variables defined in this study.

Parameters
D Total coal demand in tons
Crruk Truck capacity in tons/unit
Cha Train capacity in tons/carriage
C tongkang Barge capacity in tons/unit

Loading rate in tons/hour
T4 Sailing time from Port SDJ to Anchorage in hours
Ttaa Sailing time from Port TTA to Anchorage in hours
My Maximum truck units in the deadline period
My, Maximum train cars in a deadline period
Miongkang Maximum total barges available
Tiax Maximum time limit for shipment delivery
Variables
X1 Volume of coal shipped by truck to Port SDJ (tons)
b)) Volume of coal shipped by rail to Port TTA (tons)
tsaj Number of barges from Port SDJ
tiaa Number of barges from Port TTA

The objective function of this model (Equations (1)—(8)) is used to minimize the total
shipment time. The objective function in this model, as formulated in Equation (1), mini-
mizes the total coal shipment time to the mother vessel through two main transportation
modes, namely dump trucks and trains. This function considers eight main constraints.
The first constraint in Equation (2) ensures that the coal shipped via trucks and trains must
be equal to the total demand of the mother vessel. The second constraint in Equation (3)
limits the number of truck trips based on the mode capacity and the maximum number of
units available during the deadline time. The third constraint in Equation (4) has the same
function as the second constraint, but it applies to the rail transportation mode. The fourth
constraint in Equation (5) ensures that the number of barges from Port SDJ is sufficient to
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transport the volume of coal shipped. The fifth constraint is in Equation (6), which has
the same function as the fourth constraint but applies to Port TTA. The sixth constraint
in Equation (7) has the function of ensuring that the barge units at SDJ and Port TTA do
not exceed the total barge limit. The seventh constraint in Equation (8) has the function of
ensuring that the total time (sailing and loading) does not exceed the given deadline.

. x1+x

min Z = tsdstdj + traa Traa + 1 R 2 1)
x1+x =D )

X1
— <M 3
Ctruk = truk ( )

X2
— <M 4
Cka — ka ( )
tsdj- Ctongkung 2> X1 &)
ttaq. Ctongk[mg > X2 (6)
tsdj + ttan < Mtongkung (7)

X1+ x

tsdj Tsalj + tiaa. Ttaa + ! 2 < Thax (8)

4. Experiment

The data set used in this study was obtained from PT XYZ'’s historical shipment
records, including shipment volumes, delivery deadlines, sailing duration, and penalty
costs. These data were used to define parameters for the MILP model. The model was
input into Gurobi Solver, translating the mathematical formulation into code using decision
variables, constraints, and an objective function. After solving, the tonnage allocation
results for each buyer were obtained. Based on these results, further scheduling was
conducted to divide the shipments into delivery shifts using trucks for Port SDJ and trains
for Port TAA, ensuring all deliveries align with operational capacity and time constraints.
Using the Gurobi Solver, we simulated five scenarios as follows.

4.1. Mother Vessel A

The modeling results showed that the coal volume of 27,500 tons was divided into
two distribution channels. A total of 15,000 tons was sent using truck mode to Port SDJ,
while 12,500 tons was sent by train mode to Port TTA. The number of barges used at each
port is two units. Based on the result in Figure 3, the export shipment process from Ports
SDJ and TTA to the anchorage point where the mother vessel docks takes 59.33 h. This
duration encompasses the transportation and loading of coal onto the barge, as well as
the sailing time to the anchorage point. The total time remains within the buyer’s export
shipment deadline of 3.5 days (84 h), ensuring that PT XYZ avoids further delays in export
operations. The transportation details for each mode are outlined in Table 2.

Status: Optimal
Volume via Truk (SDJ]): 15000.00 ton
Volume via KA (TAA): 12560.00 ton

Tongkang SDJ: 2
Tongkang TAA: 2
Total Waktu: 59.33 jam

Figure 3. Results of Mother Vessel A.
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Table 2. Results of logistics using truck and train.

Cost per Unit Total Cost Loading Time = Number of

Mode Volume (tons) Total Unit (USD) (USD) (hour) Shifts
Truck 15,000 500 255 127,907.67 500 167
Train 12,500 250 8 1,983.61 416.67 139
4.2. Mother Vessel B
The model calculations in Figure 4, showed that coal volumes were distributed
through two channels: truck transport to Port SDJ and rail transport to Port TTA. A
total of 53,785 tons was allocated, with 30,000 tons delivered by truck to Port SDJ and
23,785 tons by train to Port TTA. Four barges are employed at each port to transport coal
to the anchorage point, where the buyer’s mother vessel docks. Based on the results in
Table 3, the combined loading and sailing process requires 117.86 h, remaining within the
buyer’s shipment deadline of 6.6 days (158.4 h). Consequently, PT XYZ avoids delays in
export operations.
Status: optimal
Volume via Truk (SDJ): 36000.60 ton
Volume via KA (TAA): 23785.00 ton
Tongkang SDJ: 4
Tongkang TAA: 4
Total Waktu: 117.86 jam
Figure 4. Results of Mother Vessel B.
Table 3. Results of logistics using truck and train.
. Cost per Unit Total Cost Loading Time = Number of
Mode Volume (tons) Total Unit (USD) (USD) (hour) Shift
Truck 30,000 1000 255 255,815.39 1000 334
Train 23,800 476 8 3,776.79 793.33 265

4.3. Mother Vessel C

The coal volume totals 55,000 tons, divided into 30,000 tons by truck to Port SDJ and
25,000 tons by train to Port TTA. Again, four barges were used at each port. Based on the
calculation in Figure 5, the shipping process to the anchorage point took 118.67 h, which is
below the buyer’s deadline of 6.9 days (165.6 h), ensuring timely delivery. Overall results
for each transportation mode are outlined in Table 4.

Status: optimal
Volume via Truk (SDJ): 30000.00 ton
Volume via KA (TAA): 25000.00 ton

Tongkang SDJ: 4
Tongkang TAA: 4
Total Waktu: 118.67 jam

Figure 5. Results of Mother Vessel C.
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Table 4. Results of logistics using truck and train.

Cost per Unit Total Cost Loading Time = Number of

Mode Volume (tons) Total Unit (USD) (USD) (hour) Shift
Truck 30,000 1000 255 255,815.39 1000 334
Train 25,000 500 8 3,967.22 833.33 278

4.4. Mother Vessel D

This scenario involved 53,650 tons, with 30,000 tons transported by truck to Port SDJ
and 23,650 tons by train to Port TTA in Table 5. Based on the calculations in Figure 6, Four
barges were utilized at each port, and the shipping process requires 117.77 h. This duration
remained within the buyer’s deadline of 6.5 days (156 h), preventing delays in export.

Table 5. Results of logistics using truck and train.

Cost per Unit Total Cost Loading Time = Number of

Mode Volume (tons) Total Unit (USD) (USD) (hour) Shift
Truck 30,000 1000 255 255,815.39 1000 334
Train 23,650 473 8 3,752.99 788.33 263

Status: Optimal
Volume via Truk (SDJ): 30000.00 ton
Volume via KA (TAA): 23650.00 ton

Tongkang SDJ: 4
Tongkang TAA: 4
Total Waktu: 117.77 jam

Figure 6. Results of Mother Vessel D.

4.5. Mother Vessel E

In the 55,000-ton scenario presented in Table 6, 30,000 tons were sent by truck to Port
SDJ and 25,000 tons by train to TTA. Four barges were employed at each port. The shipping
process took 118.67 h, which is below the buyer’s deadline of 6.9 days (165.6 h) shown in
Figure 7, thereby ensuring compliance with export schedules.

Table 6. Results of logistics using truck and train.

Cost per Unit Total Cost Loading Time  Number of

Mode Volume (tons) Total Unit (USD) (USD) (hour) Shift
Truck 30,000 1000 255 255,815.39 1000 334
Train 25,000 500 8 3,967.22 833.33 278

Status: Optimal
Volume via Truk (SDJ): 30000.00 ton
Volume via KA (TAA): 25000.00 ton

Tongkang SDJ: 4
Tongkang TAA: 4
Total Waktu: 118.67 jam

Figure 7. Results of Mother Vessel B.
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5. Discussion and Analysis

Simulation results for five shipments to MV A through MV E demonstrated that all
distribution scenarios achieved delivery times within the deadlines specified by each buyer.
Under the developed system, no delays occurred, in contrast to the existing system, where
PT XYZ experienced significant lateness, such as the 13-day delay recorded for MV C. These
findings confirm that the developed MILP model effectively mitigates the risk of delays
and enhances scheduling reliability for international buyers.

The MILP model enables optimized scheduling and load allocation across two trans-
port modes. Compared with the current truck-only system, its dual-mode approach reduces
sailing time, alleviates port congestion, and addresses truck operating constraints. Rail
transport to Port TAA substantially decreases barge travel, thereby supporting timely deliv-
eries and lowering costs. Results further indicate that the new routing scheme reduces total
logistics expenses and operational risks associated with late penalties. Table 7 presents a
comparison of distribution costs between the existing system and the proposed dual-mode
system for each buyer.

Table 7. Comparison of distribution costs.

Buyer Demand Ex17;1jr§% ?ost Prop(%sseg )Cost
MV A 27.500 234,497 44 129,891.32
MV B 53.785 458,634.36 259,592.19
MV C 55.000 468,994.89 259,782.64
MV D 53.650 457,483.20 259,568.38
MV E 55.000 468,994.89 259,782.64

6. Conclusions

The developed MILP model for the effective coal distribution of PT XYZ minimizes
delivery delays and optimizes transport costs. The integration of trucks and trains facilitates
efficient shipment allocation, yielding significant cost savings and eliminating penalty risks.
Overall, the model provides an effective decision-support tool for enhancing coal export
performance under multimodal transport constraints.
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