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Abstract: This groundbreaking study focuses on improving LNG distribution in the challenging
Southern Papua and Maluku regions by introducing eco-friendly energy sources. Through the
integration of Green Supply Chain Management (GSCM) and Multi-Criteria Decision Making
(MCDM) methodologies, optimal locations for LNG terminal hubs were pinpointed. Utilizing the
Electre approach with AHP weighting, the study determined that Bintuni Port and Amahai Port were
the most suitable locations for LNG terminals in their respective regions. The modeling results,
conducted using the LINGO 20.0 application, revealed intricate details about LNG distribution
routes. For instance, the Amahai Hub Port Route featured various routes, with the Amahai-Tulehu
Hub route standing out with the highest demand of 8,916,828 m* and 14 ships. On the other hand,
the Bintuni Hub Port Route showcased the Hub Port Bintuni-Pamako-Amamapare route with a total
demand of 4,760,410 m® and 8 ships, highlighting the importance of strategic planning in meeting

the energy demands of these regions.
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1. Introduction

The energy problem in Eastern Indonesia is a
significant issue. Although Indonesia has energy potential
from solar, hydro, geothermal, and wind sources, only
about 12% of that potential is utilized. Most of the energy
demand is met by fossil fuels, with 60% coming from
highly polluting coal'™. In addition, most of Indonesia's
energy sector emissions come from burning fossil fuels,
which impacts the environment¥. financial, policy,
infrastructure, and geographical challenges must be
overcome to achieve a cleaner and more sustainable
energy transition in Eastern Indonesia®. According to an
Asian Development Bank report, sustainable energy
access in Eastern Indonesia is a key focus, especially in
the development of electricity grids to reach remote areas
of the archipelago®.

The use of liquefied natural gas (LNG) is more efficient
and cleaner than the use of coal. LNG has a lower value-
chain emissions footprint than coal-fired power
generation®, LNG produces 40% less carbon dioxide
(CO2) than coal and 30% less than oil, making it the
cleanest of the fossil fuels”. Indonesia has significant
natural gas reserves and could potentially convert its coal-

fired power plants to LNG, reducing emissions and
improving energy efficiency®?. Indonesia's natural gas
reserves are significant, with estimated reserves of 453
trillion cubic feet (Tcf) in 2019'?. This would require a
significant build-out of gas infrastructure, but it could be
a viable option for Indonesia!®. The Indonesian
government has also committed to increasing the
contribution of renewable energy in the energy mix to 25
percent by 2030213,

The issue of climate change has become a global
concern and the increase in greenhouse gas (GHG)
emissions'*!>. During the transition period, liquefied
natural gas (LNG) will be utilized as an alternative energy
source as part of the initiative to promote the adoption of
clean and renewable energy'®, which is proven to be more
environmentally friendly compared to the use of other
fossil fuels!29. Increased availability of energy networks
is needed to support regional development and economic
growth?!:?2, especially in Eastern Indonesia, which is
included in Indonesia's Frontier, Remote, Disadvantaged
Border Areas (3TP). Most 3TP areas are located in
southern Papua and the Maluku Islands, which are the
focus of research.

Environmental protection is essential and integral for
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any environmentally significant economic activity, i.e.,
economic development must be environmentally safe?®.
LNG distribution planning must consider environmental
impacts®®. One of the ways is through the concept of
energy distribution, which is carried out by building a
distribution model, access points, and supporting
infrastructure to ensure that energy distribution can flow
smoothly and efficiently while minimizing environmental
impacts?>27,

One is using Green Supply Chain Management
(GSCM) with an approach in supply chain management
that considers environmental issues in every process stage,
from product design to final product management®$29),
GSCM aims to improve supply chain sustainability and
efficiency and reduce negative environmental impacts
such as pollution, deforestation, and global warming
16,3031)

In the context of LNG distribution’?, GSCM can be
implemented using environmentally friendly vehicles,
such as LNG trucks or electric trucks, to reduce carbon
emissions and air pollution. In addition, efficient and
environmentally friendly shipping route selection can also
be made, such as avoiding congested roads and choosing
shorter roads. In addition, energy use optimization and
waste reduction in the LNG filling and shipping process
are also essential steps in implementing GSCM. Finally, it
is essential to ensure that LNG suppliers implement
environmentally friendly practices in the production and
delivery of LNG.

As a first step, equitable energy supply distribution
needs to be done®* to realize national independence.
Therefore, it is necessary to research route simulation,
ship type, size, and the design of LNG transport
infrastructure. Researching route simulation, ship type
and size, and design of LNG transport infrastructure can
provide significant benefits in improving efficiency,

reducing costs, improving safety, and maintaining the
sustainability of LNG distribution operations. In this
research, the analytical method used is the Multi-Criteria
Decision Making Method (MCDM) to determine the
terminal hub criteria. In this research, the MCDM method
used is the AHP-ELECTRE integration method. Aspects
to be considered in determining the criteria include the
existing terminal's water depth and mooring length.
Furthermore, Mini LNG Vessels will be used to transport
LNG. Power plant data will be used concerning the PLN
2021-2030 Electricity Supply Business Plan (RUPTL).
After the Terminal Hub is determined, distribution route
modeling will be carried out using the LINGO 20.0
Application.

The research "Green LNG Supply Chain: Distribution
Optimization in Eastern Indonesia" supports sustainability
by reducing greenhouse gas emissions and adopting clean
energy. Additionally, this research also has economic
potential by identifying opportunities and optimizing
sustainable LNG distribution in Eastern Indonesia. The
novelty of this research lies in its focus on the Green LNG
Supply Chain and emphasis on the often overlooked
Eastern Indonesia region. The novelty of this research lies
in the optimization approach to distribution with efficient
and innovative distribution strategies.

2. Materials and Methods

In this research, the analytical method used is the Multi-
Criteria Decision Making (MCDM) method to determine
the terminal hub criteria. This study uses the AHP
ELECTRE integration method to determine the LNG
terminal hub. Furthermore, route modeling is carried out
using the LINGO 20.0 application. Figure 1 is the flow of
this research.
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Fig. 1: The research flow

This study selected Southern Papua and Maluku as
research locations because these regions have abundant

natural resource potential, including significant natural
gas reserves for LNG production. In addition, the limited
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access to energy and high environmental impact in these
regions were also considered. Developing an
environmentally friendly LNG industry in Southern Papua
and Maluku could provide significant economic benefits
and support sustainable development in Eastern Indonesia.
The location of each alternative is described in Fig. 2.
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Fig. 2: Research location.

2.1 Analysis of LNG Hub Terminal Determination

The LNG terminal's criteria will be determined using
MCDM (Multiple Criteria Decision Making). MCDM is a
decision-making process considering several criteria or
attributes that can be grouped into two general groups®>.
The Multi-Criteria Decision Making (MCDM) method
will help identify and reduce the available alternatives to
fulfill these criteria. In this process, decision-makers will
consider inputs from stakeholders, such as the government,
employers, and other stakeholders, to determine the best
solution that fulfills all criteria’®®. One of the MCDM
decision support methods, the Analytical Hierarchy
Process (AHP), was developed in 1980 by Thomas L.
Saaty’”*®), and Bernard Roy initially presented the
Elimination Et Choix Traduisant la Realit¢ (ELECTRE)
approach in Europe in the middle of 1965%. To find the
optimal option, the ELECTRE eliminates undesirable
options or choices. The following are the stages of
analysis in determining the LNG hub terminal in Southern
Papua and Maluku.

2.1.1 Identifying alternative locations for LNG hub
terminals

To identify alternative locations for LNG hub terminals
and LNG demand in Maluku-South Papua Indonesia, the
first step is to collect data. Data collection through
literature review is a process that involves identifying,
collecting, and analyzing relevant information from
written sources such as journals, scientific articles, and
books related to the research topic under study*®*". For
this research project, we will be using a literature review
as our data collection method. Our first step will be to
gather existing data and develop plans for gas-fired power
plants in Southern Papua and Maluku. This will be

achieved by examining industry reports, government
documents, and other pertinent publications. This data
will aid in comprehending the requirements of current and
proposed power plants in these areas. Our subsequent step
will entail collecting data on nearby ports that serve the
power plants. We will gather information on the port's
name, location coordinates, port hierarchy, pool depth,
and wave conditions.

2.1.2 Determination of LNG hub terminal
parameters

Some important aspects to consider in selecting a Hub
LNG terminal site include Locations close to markets and
existing infrastructure that will facilitate the distribution
of LNG *¥; LNG storage capacity and high regasification
quantities will play an essential role in meeting market
needs*?; Site selection that minimizes the environmental
impact of the LNG terminal project will be a priority??;
Integration of the LNG terminal with existing monitoring
systems and infrastructure will help in managing the
project and providing services to users*’). Therefore, this
study determined eight parameters for the selection of
LNG hub terminal locations, including (p1) Port hierarchy,
(p2) Distance from the terminal to the LNG Plant, (p3)
Water Depth Conditions, (p4) Water Wave Conditions,
(p5) Mooring length; (p6) Number of moorings; (p7)
Stacking field land area; (p8) Terminal distance from
settlements.

2.1.3 Parameter weighting using the AHP method

The weighting analysis was conducted using AHP. The
AHP approach can give an optimum value to any index as
a calculation formula and quantitative transformation
method to achieve a fair and scientific evaluation of the
index*. The following are the steps of parameter
weighting analysis using the AHP approach
1) Compare each parameter in pairs to establish the

weight of the parameter. The precedence scheme
outlined in Table 1 is utilized for this comparison
procedure*7).

Table 1. Schematic of priority arrangement
Amount
of Specific details
concern

A thorough
examination

Both components | Two variables influence

1. are of equal | the attainment of a goal
importance. equivalently.
A marginally more | Aside  from  other
significant factors, experience and
3. component exists | discernment offer
than the other. marginally more
assistance.

One eclement is . .
Intuition and experience
more

5. . favour one component
indispensable than

over the other.
the other.
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Undoubtedly, one | In practice, one of the

component is | most potent elements is
more vital than the | preserved and

rest. predominates.

(0] f th t . .
re of the mos Assuming the highest

level of dependability,
the evidence supports

critical elements
comprises the
remaining

components.

one task over another.

2,4,6,8

Values of This value is allocated

consideration .
when two alternatives

between two

. resent compromises.
adjacent values p P

Inverse

When activity "i" is awarded one additional

"

point over activity "j," then "j" possesses the

opposite value of "i."

2)

3)

4)

5)

6)

7)

8)

To normalize a pairwise comparison matrix, divide
each column's value by the sum of the
corresponding columns after aggregating the
values of each matched pair matrix column.

ajk

d -
2L an

(1)

Utilizes the comparison normalization result of the
matrix to compute the weight of synthesis by
aggregating each column in the same row.

Ycolumn=cl +c2 +c3 + ...... +cn (2)

To determine the eigenvalue, each matched matrix
column in the same row is multiplied and
subsequently raised by a pre-existing criterion
number.

M=(cl+c2+c3+ ... +cn)'™ (3)

Determines the weight of each criterion's priority
by dividing the number of eigenvalues by the total
number.

Divide the synthesis weight by the priority weight
to determine the significance of each criterion.

To determine the maximal eigenvalue, divide the
total number of criteria by the number of
importance values.

Assesses the consistency of application to
guarantee that decision-making judgment is highly
consistent.

Cl = (Amaks—M) )
n
Where :
CI = Consistency Index
A_maks = Maximum eigenvalue
n = Number of elements
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9)

Verifying  hierarchy consistency with the
stipulation that the result of the calculation is
deemed valid if the consistency ratio (CI/IR) is
equal to or less than 0.1.

CR =CI/IR (5)
Where :
CR = Consistency Ratio
CI = Consistency Index
IR = Index Random Consistency

2.1.4 Ranking analysis of alternative LNG hub

terminal locations

After completing the weighting analysis, the ranking

analysis uses the ELECTRE method. ELECTRE is a
collection of decision-making approaches that present
sequential alternatives to make reliable decisions*®. The
following are the steps to analyze the ranking of
alternative LNG hub terminal locations using the
ELECTRE approach**30,

)

2)

3)

The Determination Matrix, which organizes the
factor values for each alternative to construct the
decision matrix, is a matrix. The value of each factor
associated with a specific alternative is represented
in a column of the Decision Matrix. The Decision
Matrix shows the value of each alternative for each
element in each row, while each column shows the
value of each alternative for that particular factor.
Each parameter is transformed into a comparable
value during the normalization of the decision matrix.
Any x ij values can be normalized using this
formula.

T = 6
ij e (6)
=1%ij
1 T2 T Tin
R= 21 T2 T.. Ton
r. T. T. T..
Tm1 "™m2 Vm3 VUmn

The normalized matrix of the base matrix of the
problem is denoted as r_ij, where i = 1,2,3,...,m and
j = 1,2,..,n. x_ij is the base matrix that has to be
normalized. In the matrix, every i denotes a row,
whereas every j denotes a column.

Weighting the normalized matrix is the third step.
Each column in the normalized R matrix is
subsequently multiplied by the weight (W_j), which
is the consequence of the AHP weighting.
Consequently, the weight-normalized matrix is
denoted by the following notation: V=RxW
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4)

5)

6)

7)

Vi1 V2 U V1in
V= Va1 Va2 V.. Uz
v. v. v._. V.
UVmi VUm2 VUm3 VUmn
Wryp  Wri;  Wr, Wryy
Wry1 Wra  WI Ton
RW = (7
wr,_ Wwr._ wr_ wr,
Wy Wrypa Whyps  Whnn

Assuming the ranking relationship, the concordance
index and discordance index are computed for each
alternative pair, "Determine the set of concordance
and discordance on the index." A set of j criteria is
subdivided into two subsets, concordance and
discordance, for each pair of alternatives k and I
(where k is not equal to 1 and 1 = 1,2,3,...,m).
Determines the set of concordance and discordance
on the index in the fifth step. If, for j = 1,2,...n, a
criterion in an alternative is a concordance, then Ckl
= j and vkj > vij. If Dkl = j | vkj < vij, then
discordance is included in an alternative criterion for
j=123,..n

Calculate matrices of concordance and discordance
The values of the elements in the concordance matrix
can be determined by adding the weights in the
concordance set. These weights are as follows:

Cra = XjecyWj ®)

The values of the elements in the discordance
matrix are calculated by dividing the most
significant discrepancy among the criteria that are
part of the discordance set by the most
significant discrepancy among the requirements
themselves. The difference is

{l"kf‘"lfl}jeokl ©)

P4 = o)
=25l
Determine the dominant matrix for concordance and
discordance.
Using the threshold value to compare the values of
each concordance matrix element with the threshold
value (Ckl > c), it is possible to calculate the
dominant concordance matrix and construct the f
matrix, which is named as such. The critical value

(0)is

V=1 Xi=1 Ckl

£= m (m-1)

(10)
Where
m = alternative, so the matrix element f is
determined as follows: fkl = 1if Ckl = c¢ and
fkli = 0if Ckl <c

Determining the matrix of dominant discordance.

The dominant discordance matrix (g ) can be
generated through the utilization of wvalues,
specifically by comparing the value of each element
in the g matrix to the threshold value (Dy; >= d).
The value of the threshold (d)is

d= ke 2l ki an

T om (m-1)

8) Determine the aggregate dominance matrix
Matrix e represents the collective triumph. A matrix
is a matrix wherein each element is the product of
the elements of matrix f and matrix g as they
correspond. so that the following can be written:

ex=fux gu (12)

9) Discontinuation of less desirable alternatives

Matrix e denotes the ranking of the alternatives;
therefore, Ak is a more favorable alternative than Al
if Ekl = 1. Consequently, the row of Matrix e
containing the minimum number of occurrences of
Ekl = 1 can be removed. Therefore, removing the
row of Matrix e with the fewest instances of Ekl =1
is possible. As a result, the choice that prevails over
other possibilities is the best option.

2.2 Route modelling

LNG distribution route modeling uses the LINGO 20.0
application with effectiveness criteria for sustainability
and Green Supply Chain aspects. The following are the
steps in developing the route modeling:

Step 1: Determine the matrix correlating distance and
demand in the Maluku and South Papua Islands of
Indonesia.

To achieve this, we will conduct a comprehensive
literature review to gather data on the distances between
the terminals of interest. By synthesizing information
from existing sources, we aim to establish a robust basis
for the subsequent analysis and modeling in this study.

Step 2, LNG Vessel Selection:

At this stage, we will collect data on the type and size
of Mini LNG vessels (carriers and tankers). This will be
accomplished through a literature review that includes
information on ships used for LNG transportation.

The modelling also considers heterogeneous LNG
flotas by considering LNG carriers with different
capacities and capabilities>"

Step 3, Integration of Environmental Factors: In this
modelling, environmental factors such as carbon dioxide
emissions, use of renewable power, and environmental
impacts of LNG distribution can be integrated>

Step 4, Fleets Optimisation: This model can optimize
LNG fleets to increase efficiency and reduce costs. This
includes LNG vessel deployment, assigned routes, and
time required to perform tasks>".
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Step 5, Route Modelling: This modeling can use a route
or itinerary approach to identify the optimal LNG
distribution route. This approach considers the cost and
time required to perform the route.>?.

This modeling helps make better decisions regarding
LNG distribution routes, fleets required, and the resulting
environmental impact. By considering the aspects of the
Green Supply Chain, the model can help achieve higher
LNG distribution efficiency while minimizing
environmental impacts. It must be known first before
optimizing the objective function and constraints 3.

1)  Objective function

Z=Min( Jig.zki; + Dle Xjec Drex i CijkXijn (13)

This model aims to minimize the total distance traveled by
ships on LNG shipments so that the objective function can
be seen in equation (13).

2) Constraints

ZZEK,ii]’ Yix = binary,vi=1,..,N (14)
Constraint (14) ensures that each plant is visited once
by one ship. If the plant is not served by a ship, it is 0; if
it is served, it is 1. Therefore, the result of this calculation

is a binary number. the result of this calculation is a binary
number.

YhexkYik SnVk=1,..,n (15)

Constraint (15) states that the number of outbound
vessels from the hub port must be the same (n).

Z;-”iixijk = yik'Vi =1, ,N,Vj =2,...N (16)

Constraint (16) specifies that the same vessel must enter
and exit the port.

Yieniz1 di X Yix Suz,Vi=1,..,N  (17)

Then, constraint (17) states that the demand from the
generator cannot exceed the size of the ship.

Uy X Durijk = D” (18)
Cijk = Durijk (19)

Then, the relationship between distance, ship speed,
and ship cost. Where the cost of the ship is assumed to be
equal to the sailing duration of the ship. The sailing
duration depends on the ship's speed, and the distance
between plants can be seen in constraints (18) and (19).

z, = binery 20)
Yik = binery 21)
Xijk = binery (22)

The constraints (20), (21), and (22) are limitations on
the binary constraints for the variables being sought, as
follows, where zk, yik, and xijk are binary numbers 1,0.

3. Result and discussion

3.1 Alternative Locations of LNG Hub Terminals
and LNG Demand of Maluku Islands - South
Papua

Based on the identification results, alternative LNG hub
terminal locations for the Maluku Islands region include
Kokas Terminal (S1), Pamako Terminal (S2), Merauke
Terminal (S3), and Bintuni Terminal (S4). Alternative
LNG hub terminal locations for the Southern Papua region
include Tulehu Terminal (S5), Tual Terminal (S6),
Amahai Terminal (S7), and Masela Terminal (S8).

Based on the identification of LNG demand based on
PLN's Electricity Supply Business Plan (RUPTL) from
2021 to 2030 as stated in the Decree of the Minister of
Energy and Mineral Resources of the Republic of
Indonesia Number: 188.K/HK.02/MEM.L/2021
concerning Ratification of the Electricity Supply Business
Plan of PT Perusahaan Listrik Negara (Persero). LNG
demand for power plants in the Maluku Islands and
Southern Papua region uses the assumption of power plant
demand in 2026 (Table 2), with initial mapping done to
determine the nearest service port with the criteria that the
power plant is included in the port hinterland.

For the Maluku islands, there are 15 power plants with
ten serving ports with a total daily demand of 80,570 m?,
with the largest demand being Tulehu Port which has a
demand of 52.70%. Meanwhile, for Southern Papua, there
are ten plants with eight serving ports with a total daily
demand of 50,408 m3, with the largest demand of 37.61%
at Pamako Port.

Table 2. LNG demand 2026.

. Demand 2026 (m3)
No Power plant Mw Serving BBTUD/ Year Servin
ports Year Day 5% erving
Ports
Maluku
1 | PLTMG Ambon Peaker | 30 2,65 73.209,417 200,574 10,029
2 PLTMG Ambon 2 50 3,86 106.637,113 292,156 14,608
Tulehu 42,461
3 MPP Sambelia 30 4,71 130.119,379 356,491 17,825
4 MPP Sulselbar 60 0 - - -
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5 PLTMG Seram Utara 20 Wahai 0,69 19.062,075 52,225 2,611 2,611
6 PLTD Masohi 8,1 - - -
7 PLTMG Seram 20 Amahai 1,49 41.163,031 112,775 5,639 9,764
8 PLTMG Seram 2 20 1,09 30.112,553 82,500 4,125
9 PLTMG Bula 10 Bula 0,67 18.509,551 50,711 2,536 2,536
10 PLTMG Namrole 10 Namrole 0,85 23.482,266 64,335 3,217 3,217
11 PLTMG Namlea 10 Namlea 1,2 33.151,434 90,826 4,541 4,541
12 PLTMG Langgur 20 Tual 1,56 43.096,864 118,074 5,904 5,904
13 PLTMG Dobo 10 Dobo 1 27.626,195 75,688 3,784 3,784
14 PLTMG Masela 20 Masela 0,66 18.233,289 49,954 2,498 2,498
15 PLTMG Saumlaki 10 Saumlaki 0,86 23.758,528 65,092 3,255 3,255
Southern Papua
1 PLTMG Merauke 20 Merauke 2,06 56.909,962 155,918 7,796 7,796
2 PLTMG Merauke 2 20 Kumbe 1,71 47.240,794 129,427 6,471 6,471
3 MPP Timika 10 Amamapare 0,98 27.073,671 74,174 3,709 3,709
4 PLTMG Timika 2 40 3,35 92.547,754 253,555 12,678
5 PLTMG Timika 3 20 Pamako 1,66 45.859,484 125,642 6,282 18,960
6 PLTMG Fak-fak 10 0,44 12.155,526 33,303 1,665
7 MPP Fak-fak 10 Kokas 0,71 19.614,599 53,739 2,687 392
8 PLTMG Bintuni 10 Bintuni 0,84 23.206,004 63,578 3,179 3,179
9 PLTMG Raja Ampat 10 Saonek 0,55 15.194,407 41,629 2,081 2,081
10 PLTMG Kaimana 10 Kaimana 1,02 28.178,719 77,202 3,860 3,860

3.2 LNG hub terminal

The results and discussion will explain the results of
applying AHP and ELECTRE methods to assist in
selecting the optimal location for the LNG hub terminal.

3.2.1 Parameter weighting using the AHP method

The parameters used in this research to determine the
location of the LNG hub terminal in the Maluku and South
Papua Islands region include: (pl) Port hierarchy, (p2)
Distance from the terminal to the LNG Plant, (p3) Water
Depth Conditions, (p4) Water Wave Conditions, (p5)
Mooring length; (p6) Number of moorings; (p7) Stacking
field land area; (p8) Terminal distance from settlements.

The results of the calculation of the Weight Synthesis
value using Equation 2, are shown in Table 3 in the first
column. The results of the eigenvalue calculation using
equation 3 are shown in Table 3 second column. The
results of the total eigenvalue calculation are summed up.
The total number of eigenvalues is used to calculate the
priority weight value.

The priority weight value is computed using the
eigenvalue. Each criterion's priority weight value is
determined by dividing its eigenvalue by the overall
eigenvalue. The preference value will be calculated
utilizing the priority weight value derived from the
calculation during the ELECTRE ranking phase. In Table
3 the third column is the result of the priority weight value

of each criterion used in the system.

Furthermore, the importance value of each criterion to
get the maximum eigenvalue. The value of interest
obtained from this process is used to obtain the CI and CR
consistency values. The results of the calculation of the
value of interest are shown in Table 3 last column.

Table 3. Weights of parameters.

Weicht Priority | Value

Parameters g . | Eigenvalues | Weight of
Synthesis
Value | Interest

pl 0,86 0,974 0,094 9,097
p2 0,38 0,401 0,039 9,814
p3 2,32 3,413 0,331 6,976
p4 1,37 1,669 0,162 8,421
p5 0,29 0,293 0,028 10,024
po 1,08 1,170 0,114 9,480
p7 0,52 0,615 0,060 8,719
p8 1,41 1,749 0,170 8,313

3.2.2 Prioritizing the Alternatives

After weighting for each parameter, ranking is then
carried out using the AHP-ELECTRE integration method.
The overall results of the calculation of the concordance
(C) matrix using equation 8 are in Table 4 and Table 5
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second column. Discordance (D) matrix calculation using
equation 9, overall shown in tables 4 and 5 third column.

The calculation result of matrix E as the total dominant
matrix. Using equation 12, E matrix for the South Papua
LNG hub terminal is obtained as follows:

0 0 0 O S1] O
e = 0 0 0 1f_|82(_1
0 0 01 S3| 1
01 0 O S41 1

The E matrix for the Maluku region LNG hub terminal
is obtained as follows:

0 0 1 Of |s5] 1
o |1 0 1 of_|se|_2
11 0 of [s7 2
0 0 o0 ol lIssl o

Based on the results of the calculation of the total
matrix E of the South Papua LNG hub terminal for each
alternative location, it is known that the second alternative
location (S2) and the third alternative location (S3) and
the fourth alternative location have the same total value of
1. Therefore, the best location for the South Papua LNG
hub terminal will be determined by the value of C and D.
in table 4, the fourth column is the total value of the results
of reducing the value of C to D. From the results of Table
4, it can be seen that can-didate S4 has the highest total
score for the Southern Papua region, so candidate S4 or
Bintuni Port is decided as the best location for the
Southern Papua region LNG hub terminal using the
Electre approach with AHP weighting.

Based on the results of the calculation of the total
matrix E of the Maluku region LNG hub terminal for each
alternative location, it is known that the second alternative
location (S6) and the third alternative location (S7) have
the same total value of 2. Therefore, the best location for
the Maluku region LNG hub terminal will be determined
by the value of C and D. in table 5, the fourth column is
the total value of the results of reducing the value of C
against D. From the results of Table 5, it can be seen that
candidate S7 has the highest total score for the Maluku
region, so candidate S7 or Amahai Port is decided as the
best location for the Maluku region LNG hub terminal
using the Electre approach with AHP weighting.

Table 4. Alternative location value ranking Southern Papua.

e | ¢ o[ 2ot ]
3,42 1,00

S1 476 | - 1,00 10,01 4
4,83 1,00
6,00 0,269314032

) 476 | - 1,00 15,35 3
6,86 1,00
6,86 0,54

S3 437 | - 0,86 15,68 2
6,86 1,00
7,08 0,20

S4 6,53 | - 1,00 16,19 1
4,76 0,98

Table 5. Alternative Location Value Ranking Maluku.

Alternate Total

Site ¢ D Value | RANK
5,71 0,53

S5 6,86 - 1,65 17,3 3
7,15 0,21
6,76 1

S6 7,15 - 1,00 18,43 2
7,15 0,62
6,70 1,00

S7 7,08 - 1,00 18,71 1
7,15 0,21
4,38 1,00

S8 3,40 - 0,60 9,72 4
4,54 1,00

3.3 Optimization of route

To determine the amount of LNG required in ISO tanks,
different delivery time scenarios are created based on the
ship's capacity. The need for LNG is calculated based on
the delivery time and whether the shipping route can be
completed within the specified timeframe, which is
influenced by the speed of the ship. One of the delivery
scenarios is selected to meet the power plant's
requirements for ten days, and a 5% reserve is set aside to
account for LNG evaporation during delivery. This is
based on the evaporated rate of 0.2-0.3% per day, as
specified by various ISO tank manufacturers. Additionally,
the ship's capacity is adjusted according to the scenario.
The LINGO 20.0 application model considers not only the
demand but also the distance between the serving port and
the hub port and the ship's capacity. The matrix between
distance and demand for the Maluku Islands is presented
in Table 6, while Table 7 shows the same for Southern
Papua.
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Table 6. Matrix of distance (km) and demand for ten operational days of Maluku Islands power plant.

Amahai

Maluku .

(Hub Tulehu ‘Wahai Bula Namrol | Namle Tual Dobo Saumlak
Islands Masala .

Port) e a i
Amahai 1, 79 442 570 260 235 540 725 665 755
(Hub Port)
Tulehu 79 0 390 515 210 175 590 870 635 645
‘Wahai 442 390 0 120 400 305 535 650 830 855
Bula 570 515 120 0 520 410 435 535 715 740
Namrole 260 210 400 520 0 160 930 1045 1225 1250
Namlea 235 175 305 410 160 0 1050 1165 1345 1370
Tual 540 590 535 134 930 1050 0 290 370 530
Dobo 725 870 650 535 1045 1165 290 0 465 625
Masala 665 635 830 715 1225 1345 370 465 0 165
Saumlaki 755 645 855 740 1250 1370 530 625 165 0
Demand

2.050,39 | 8.916,82 | 548,36 | 532,46 953,67 1.239,77 | 794,72 | 524,51

(m?) 3 g 1 7 675,517 1 3 6 9 683,464

Hub Port Amahai has a total demand 0f 16,919,720 m3,
and the highest demand is in Tulehu. The farthest demand
is in Saumlaki, which is 755 km away, and Masela, which
is 665 km away. Hub Port Bintuni has a total demand of
10,585,752 m3, with the highest demand in Pamako,
serving two plants, namely PLTMG Timika 2 and PLTMG
Timika 3, with a combined capacity of 60 MW. The

farthest demand is in Saumlaki, which is 755 km away.
Due to the geographical location of the power plants and
available infrastructure and networks, 700 GT ISO Tank
Ships with a capacity of 32 IsoTanks (equivalent to 638.4
m3) are used for shipping operations. The optimization
analysis results indicate the use of a mixed route of milk
and run and hub and spoke methods at each hub port.

Table 7. Distance and Demand Matrix for 10 operational days of the Southern Papua plant.

S;‘:}:f:n (I-:Sui :)ltll’l(r)lli‘t) Merauke | Kumbe | Amamapare | Pamako | Kokas | Saonek | Kaimana
(}f;:)'t;::t) 0 1750 1720 945 935 190 580 576
Merauke 1750 0 35 840 850 1540 | 1200 1800
Kumbe 1720 35 0 820 830 1520 | 1180 1780
Amamapare 945 840 820 0 10 780 1070 400
pamako 935 850 830 10 0 770 1060 390
Kokas 190 1540 1520 780 770 0 400 420
Saonek 580 1200 1180 1070 1060 400 0 700
Kaimana 576 1800 1780 400 390 420 700 0
D ‘22?)“‘1 667,570 | 1.637,136 | 1.358,982 | 778,832 | 3.981,578 | 913,935 | 437,099 | 810,621

The results of the LINGO 20.0 application modeling
for equations (14), (15), (16), (17), (18), (19), (20),
(21), (22) are shown in Fig. 3 and Table 8. These results
depict the LNG distribution route in the Maluku Islands
with the Amahai Hub Port. Four routes use the milk and

run method, and two routes that use the hub and spoke
method. The Hub Port Amahai - Namlea - Namrole and
Hub Port Amahai - Masela - Saumlaki routes are the
two routes that use the hub and spoke method
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Waha \?F“:m

Namiea Port' s Amahai Hub Port

Tulehu:Port
n“;

Namrole Port ¢ -

Masela Bort

.Bula Port

Legend
&» Amahai (HUB) - Bula (PORT)

a» Amahai (HUB) - Dobo (PORT)

&» Amahai (HUB) - Masela (FORT) - Saumlaki (PORT)
&» Amahai (HUB) - Namlea (PORT) - Namrole (PORT)
&% Amahai (HUB) - Tual (PORT)

&» Amahai (HUB) - Tulehu (FORT)

&» Amahai (HUB) - Wahai (PORT)

& Port

1
‘Saumlaki Port

300 km

Fig. 3: Maluku Islands LNG distribution route

Table 8. Amahai Hub Port Route Optimisation Results.

Demand ISO Tank Ship S.hlp Occupanc | Distance
Route (m®) Requirements Requirements Requirement (km)
q q (Rounding) y
Hub Port Amahai - Tulehu 8.916,828 446,959 13,967 14 99,77% 79

Hub Port Amahai - Wahai 548,361 27,487 0,859 1 85,90% 442

Hub Port Amahai - Bula 532,467 26,690 0,834 1 83,41% 570

Hub Port Amahai - Namlea - | 4 6 159 81,664 2,552 3 85,07% 420
Namrole

Hub Port Amahai - Tual 1.239,773 62,144 1,942 2 97,10% 540

Hub Port Amahai - Dobo 794,726 39,836 1,245 2 62,24% 725

Hub Port Amahai - Masela - | -} 57 g4 60,551 1,892 2 94,61% 830
Saumlaki

The route from Hub Port Amahai to Tulehu has the
highest demand of 8,916,828 m?, with a total of 14 vessels
and an occupancy rate of 99.77%. To optimize shipping
for this route, a larger type of ship could be used, or subsea
pipelines could be considered for the future, given that the
distance is only 79 km. The route with the lowest vessel
requirement is from Hub Port Amahai to Bula, with a total
demand of 532,467 m® and only one vessel. This route has
an occupancy rate of 83.41% and a distance of 570 km.
The longest distance is the route from Hub Port Amahai
to Masela-Saumlaki, which is 830 km long. This route has
a total demand of 1,207,984 m?, and the number of ships
required is 2. The occupancy rate for this route is at
94.61%.

Overall, the Hub Port Amahai-Tulehu route has the
highest demand and the shortest distance, while the Hub
Port Amahai-Masela-Saumlaki route has the longest
distance but a lower demand. It is important to consider
these factors when planning for shipping routes to ensure
efficient and effective transportation.

The results of the modeling for the distribution route of
Southern Papua LNG including Bintuni Hub Port are

displayed in Table 9 and Fig. 4. According to the results,
three routes follow the milk and run method while the
other two utilize the hub and spoke method. These two
routes are the Hub Port Bintuni - Kumbe - Merauke and
the Hub Port Bintuni - Pamako - Amamapare routes.
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Sacnek Port

Hub PortBintun:

nikokas Port

Kaimana Port

Amamapare

Legend

&+ Bintuni (HUB) - Kaimana (PORT)

& Bintuni (HUB) - Kokas (PORT)

Js Bintuni (HUB) - Kumbe (PORT) - Merauke (PORT)

s Bintuni (HUB) - Pamako (PORT) - Amamapare (FORT)
o Bintuni (HUB) - Saonek (PORT)

& Port

‘amako Port

| 500 km

Fig. 4: Southern Papua LNG distribution route

Table 9: Bintuni Hub Port Route Optimisation Results.

ISO Tank Ship Ship .
Route De(r;:?)nd Requirement | Requirement | Requiremen Occupanc Dl(sl::;ce
s s t (Rounding) y
Hub Port Bintuni - 2.996,11 o
Kumbe - Merauke 8 150,181 4,693 > 93,86% 1755
Hub Port Bintuni -
- o,
Pamako 4.760,41 238,617 7,457 8 93,21% 945
Amamapare 0
Hub Port Bintuni - o
Kokas 913,935 45,811 1432 2 71,58% 190
Hub Port Bintuni - o
Saonek 437,099 21,910 0,685 ! 68.47% >80
Hub Port Bintuni - o
Kaimana 810,621 40,633 1,270 2 63.49% 376

The route with the most ship requirements is Hub Port
Bintuni - Pamako - Amamapare, with a total demand of
4,760,410 m? and eight ships. This route has an occupancy
0f93.21% and a distance of 945 km. Meanwhile, the route
with the lowest vessel requirements is Hub Port Bintuni -
Saonek, with a total demand of 437,099 m? and only one
vessel. This route has an occupancy of 68.47% and a
distance of 580 km. As for the longest distance, the Hub
Port Bintuni - Kumbe - Merauke route has a distance of
1755 km. This route has a total demand of 2,996,118 m?,
and the number of ships is 5. The occupancy of this route
reached 93.86%.

On the other hand, the route with the shortest distance
is Hub Port Bintuni - Kokas, which is only 190 km away.
This route has a total demand of 913,935 m3, and the
number of vessels is 2. The occupancy of this route
reached 71.58%.

4. Conclusion

In this research, the LNG distribution strategy uses two
stages. the first stage is to determine the LNG terminal hub
using the MCDM Integration approach, namely AHP-

ELECTRE. the second stage uses a route modeling
approach with the LINGO 20.0 application. To determine
the LNG hub terminal in the Southern Maluku-Papua
Islands Region begins with an analysis of the LNG
demand for power plants in the region, including the total
demand for the Maluku Islands of 80,570 m® and South
Papua of 50,408 m?3. Furthermore, the nearest ports to the
power plant are determined and location selection is
carried out using the AHP-ELECTRE integration method.
From the results of the analysis, it was found that Bintuni
Port was chosen as the best location for South Papua, and
Amahai Port was chosen as the best location for Maluku.
At this stage, it is also known that parameters (p3) Water
Depth Conditions and (p4) Water Wave Conditions are
important parameters in the selection of LNG hub
terminals with weights of 2.32 and 1.37 respectively.
Furthermore, route modelling optimization is carried out.
From the results of this analysis, the optimum routes were
found, among others, for the Maluku islands region,
showing four routes using the milk and run method and
two routes using the hub and spoke method. For the South
Papua region, it shows three routes using the milk and run
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method and two routes using the hub and spoke method.
In this study, it was found that the route with a large LNG
demand but a fairly short distance, namely Hub Port
Amabhai to Tulehu has the highest demand of 8,916,828
m?3, with a total of 14 vessels and an occupancy rate of
99.77%. Therefore, routes with short distances but large
demands and small water depths are recommended to use
LNG distribution with subsea pipelines.

One limitation of this study is that it only considers the
eastern Indonesian border region. Therefore, future

research can take Indonesia's outermost regions as a whole.
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