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Preface

Indonesi& dlectricity demand will increase significanthy about 4.5 times, from 2017 to
2040under the businesasusual scenario, according to the East Asia Summit Energy Outlook
2017 edition of the Economic Research Institute for ASEAN and East Asia. Thasenaik

be realised not only in the big cities, such as Jakarta and Surabaya, bahdisionesi® a
small and midsized island&sindonesia is also rich in coal and natural,gagen the global
challenges posed bglimate change, natural gas will dmme an increasingly interesting
sourceof power generatiorfor Indonesia

Eastern Indonesia imade upof two big islands: SulawemndWest Papua (former Irian Jaya)
and several groups of very diverse smaller islasdsh as theMaluku and Nusa Tenggara
islands. Around 41 milliopeopleinhabited these partsn 2017,accounting for around.6%

2F Ly R2y SaAl CEastein hdoheisia Halrdelamturall ga pyoduction sites:
Bontang, Donggi Senoro, and Tangguh, and one planned productiariiiteela LNG Block.
The potential of shifting power generation sources from diesel to natural gas using small
scale liquefied natural gas (LNG) carrier vessels in this area is promising.

This report proposes a stratedgr deliveling smallscale LNG carrier vessels from LNG
production sites to LNG power generation plamsEastern Indonesibased ona personal
computerbased dynamic simulation model. Accordingpimjected LNG demand at LNG
power plants, forecadtased orelectricitydemand at each demand sitelrastern Indonesia,

the model seeks feasible solutions for delivering LNG from the origin to a destination using a
computer simulation approachThe major outcomes of the dynamic simulation model are
necessannumber of LNG shs, maximum capacity of LNG receiving tamakel their costs
consisting otapital and operating costs.

This studyhad to usdentative assumptions due to lack of data and informatibat provided
many meaningful results. | hope this study report Widlp Indonesia adopt appropriate
policiesto reallocate LNG production sites for export use and domestic use

b Dk

Professor Hidetoshi Nishimura

President, Economic Research Institute for ASEAN and East Asia
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Executive Summary

Electricity demand in Indonesia has been growing rapidls ratte of 8.1% per yeafrom
199052015 and will continue at a slightly lower ratg6.2% per year in 2052040, according

to the East Asia Summit (EAS) energy outlook prepared by the Economic Research Institute
for ASEAN and East Asia (ERIA) (2019). As a result, the share dfitglgaritotal final

energy consumptioris forecast toincrease from 10.6% in 2015 to 16.3% in 2040. The
increase in electricity will occur not ontyi large islands such as Java (Jakarta) and Sumatra
(Medan) but alsoon the small and midsized Islands efdbnesia. The eastern part of
Indonesia, which is surrounded by Kalimantan, Sulawesi, Papua, and Nusa Tenggara islands,
comprises many small and midsized islands whose population share was 16% of the total
Indonesian population in 2017. Due to the contingayrowth of the population in this area,
electricity demand is expected to increagp until 2040. The current operation of three
production sites of liquefied natural gas (LN@&ontang, Donggi, and Tangggland one
planned LNG site, Masela, would be @pportunity to shift from diesel oil, the main fuel
sourceof the small and midsized islands, to natural gas for power genergfioah ashift

would reduce the high fuel costs of diesel oil and carbon dioxide emissions in this area.
However, theeconomcaldelivery ofLNGfrom its production sites to demangltes needs to

be studied.

To analyse the issue, this study applied two approaches: (i) linear programmirgtofiRd

an optimal LNG flow between origins and destinations, and (ii) dynamicagionu(DSY; to
simulate LNG delivery operation arpersonal computer based on LNG demand and supply
information. The DS extracts the appropriate size of LNG storages and appropriate size and
number of LNG tankers. For the DS, the simulation conductesligfir manipulation of
several parameters encompasses the size of LNG storage, its initial volume, storage level for
LNG tankers, the size of LNG tankers, and distance information between origins and
destinations, including the average speeds of LNG tankers.

Based on the LP approach, demand sites totalling 18 in this area are divided into four groups:
Bontang, Donggi, Masela, and Tangguh. After that, three case studies of the DS were
undertakenin each group. The key findings from the DS are as follows:

1) Ther are two LNG delivery methods: hub & spoke and milk run. Hub & spoke delivers
LNG to a specific island per navigation whilst milk run delivers LNG to several islands
per navigation.

2)  The milkrun method entails a high operation rate of LNG tankers becafigbe
smaller number of LNG tankers required. In other words, the idling time of LNG tankers
is reduced.Hence the milkrun method is economically recommended as an LNG
delivery method in this area.

3) However, the milkun method does not contribute tohie reduction of LNG storage
costs; occasionally, the method needs a bigger size of LNG storage to avoid lack of LNG
shortage delivered.

XV



4)  Thus, more precise DS will be needed to seek more realistic solutions to both LNG
storages and tankers using more reaable parameters of the DS.

This study respects IndoneSiairrent LNG policy, which is LNG export at Bontangd th&
limited amount of LNGs delivered to LNG domestic demand sites near Bontang. Several big
LNG demand sites near Bontang are Bali, LomiBay, and MakassaOne policy
recommendation is a swap of the export role between Bontang and Tangguh because
Tangguh is quite far from the main LNG demand islands in this area.

Case 3 applying the mitikin method shows the lowest cost amongst the cadesLNG
delivery cost is around US$83S$77 per tonne, a cost levlat is higher still than the
international LNG trade price of US®&05$70 pertonnefWI LJ yQa [ bD /LC 0024aiz
and freight) in 2018 until the first quarter of 2020 because the LNG delivery cost does not
include its production cost. The capital expenditure (CAPEX) of LNG storages accounts for half
of the total costg; thus, the folowing policy is recommended. There are 18 sites that have
diverse electricity demand in this area, and this study assumes all the sites will shift to natural
gas generation. However, the are only eight of théig electricity demand sitewith more

than 500 million tonnesf LNGper year.Hence,shifting to gas power plantsan be done

only in the case ddight sites, such as Bali, Lombok, and Halmahera. The remainingggites

other power systems such as a combination of diesel power plants and swlar P
(photovoltaic) system, together with microgrid technology.

Gas has a big advantage over coal in generating pasitis easy to control the output level.

Thus, a combination of gas power generatanmd renewable energy electricity, such as

solar and wind power system, will bereore suitableoption for Indonesia, especialby small

and midsized islands. Thus, seeking an optimal LNG delivery system under an affordable
power generation mix with ggsower generatiorwill be crucial irfor the future.

XVi



Chapter 1

Introduction

The electricity demand of Indonesia will increase significantly about 4.5 times from 2017 to
2040 under a businesss-usual scenario (Malik, 2019). The report mentioned that coal share

in power generation will remain dominant in the total power generatajrthe country. In

2015, coal share in power generation reached almost 56%, higher than that of oil. This share
is expected to continue to increase in the future, reaching around 70% in 2040.

At 47%, oil had the largest share in power generation in 1802015, the share of olil
declined to around 8.4% as production from coal and natural gas plants increased rapidly. In
the businessasusual scenario, the share of oil in 2040 will be less than 3%. The use of diesel
fuel in the smatkcale offgrid dieselfired and dualengine (diesel fire and natural gas) power
plants currently constitutes most of the electricity generation system in the eastern
Indonesian islands.

In the businesssusual scenario, the Secretariat General National Energy Council (DEN,
2019) foresaw that Indonesian gas supply in 2050 would reach 167.4 Mtoe (million tonnes of
oil equivalent), i.e. an increase of three times from 2018 whilst gas production would decline
from 75.4 Mtoe in 2018 to 66.3 Mtoe in 2050. Looking at this gap batwibe needed
demand and production capacity, the Government of Indonesia shall prioritise meeting the
domestic demand by not making a new contract on gas export with foreign stakeholders and
by not extending the existing contracts.

The government has setsirategy to increase the use of natural gas in power generation.
The decision of the Ministry of Energy and Mineral Resources (MEMR) Decree 13
K/13/MEM/2020 (MEMR, 2020e) issued in January 2020 mandated the state oil and gas
company Pertamina to establisiquefied natural gas (LNG) supply within 2 years to support
the conversion of 52 power plants from diesel fuel to natural gas. This conversion concerns
a total installed capacity of 1,697 MW and shall need 166.98 billion BTU (British thermal unit)
of natural gas per day. In April 2020, the MEMR issued Minister Decision No. 91
K/12/MEM/2020 that set the feedh-tariffs of natural gas to be used in power plants (MEMR,
2020d).

The study aims to analyse the opportunities to developbiE&ed electric poweraneration
systems in midsized and large islands of Indonesia by identifying the possible configuration
of smallscale LNG supply chain. This will contribute to stable electric power supply and
provide affordable electricity in those islands in a sustai@akéy in coherence with the
national development plan.



The study is also consistent with the strategic theme of the ASEAN Economic Community
Blueprint 2025 and its subordinate paper, the ASEAN Plan of Action for Energy Cooperation
(APAEC) 20%8025 phas 1. It shall contribute to the regional energy policy and planning
objective, namely, to enhance the integration of energy policy and planning, and that of the
ASEAN Council on Petroleum framework.

This report startswithanupdaS 2 F G KS 3I2FSNYYSyiQa LRtAOASa 2y
chapter 2, followed by a forecast of its demand, assuming the current eieselpower
ASYSNIGA2y LXFyda Ay SIFadSNYy LyRArgdDhmms Qa avl f f
(chapter 3). Gapter 4 discusses how the location of the potential kid&iving ports are

0SAYy3 RSGSNN¥YAYSR Ay SIFadSNYy LYyR2ySaAl Qa Aafl yR:
port accessibility based on the profile of ports and LNG carrier vessels. This isddiipthe

estimate of LNG production to meet the demand, especially in Bontang, Donggi, Masela, and

Tangguh (chapter 5). Chapters 6 and 7 present the results of static and dynamic simulations

of LNG delivery by LNG carrier vessels from the production tsitdse receiving ports in

SratdSNYy LyR2ySaiAlQa avlff AaftlyRao



Chapter 2
LYR2ySaAl Qa [bD t2fA08

1. hdzit221 2F blddN}t DF& Ay LyR2ySaAlQa 9ySNBEe

Natural gas plays an important role in meeting Indonesia's energy demand. Under
Presidential Regulation No. 22)27 concerning the National Energy General Plan, energy
supply will come from various energy sources mix with the following shares:

1) New lowcarbon energy sources and renewabteat least 23% in 2025 and 31% in
2050

2)  Oilgless than 25% in 2025 and lekan 20% in 2050

3) Coalcg at least 30% in 2025 and 25% in 2050

4) Gasg at least 22% in 2025 and 24% in 2050

The report of the Asia Pacific Energy Research Centre (APERC) on APEC Enecgy Supply
5SYFYR hdzif 221 Hamdgp 6!t 9w/ I HnmghHderndNRf@ SOG4 SR G K
meeting domestic and export commitment from 58.8 Mtoe in 2020 to 60.9 Mtoe in 2040

(Table 2.1). Gas demand in electricity will continuously dominate, accounting for 30% in 2020

and growing to 40% of total gas demand. Industry accountghfersecondargest gas

consumer. Indonesia will maintain export gas. However, the volume will decrease

significantly to 44 Mtoe in 2035. In 2040, Indonesia is projected to import natural gas to meet

domestic demand.

Table 2.1: Indonesia Gas Demand Outlddktoe)

2020 2025 2030 2035 2040

Total gas demand (Mtoe) 58.8 54.3 55.8 59.7 60.9
Electricity 18.0 17.1 19.1 24.8 33.1
Energy Industry (Owned

Used) 3.4 3.8 4.2 4.6 49
Transport 0.1 0.3 0.7 1.1 1.9
Building 1.2 1.6 21 2.8 3.4
Non energy use 3.4 3.8 4.2 4.6 4.9
Industry 11.8 13.8 15.8 17.5 19.
Exports 20.9 13.7 9.6 4.4 -6.0

Mtoe = million tonnes of oil equivalent.
Source: APERC (2019).

Government Regulation No. 79/2014 on the National Energy Policy directed the role of
natural gas in Indonesia's energy supply (Government of Indonesia, 2014). Projected demand
for natural gas until 2050, per the National Energy Policy, will grow fromTIC&4 (trillion

cubic feet) in 2015 to 3.29 TCF in 2025 and to 9.21 TCF in 2050 (Table 2.2). The average



growth of natural gas demand from 2015 to 2020 is 6% per year;(202%, 7% per year,
20252030, 5% per year; 208R040, 5% per year; and 20450, 3%per year. The demand

for natural gas will increase significantly from 2015 to 2025¢®%oper year). During that
period, the government will optimise the use of gas for domestic use both as fuel and
industrial raw material to create higher added value asda transition to the use of cleaner
technologies, such as new energy and renewables.

Table 2.2: Projected Gas Demand of Indonesia

Year 2015 | 2020 | 2025 | 2030 | 2040 2050
Gas Demand
Share (%) 22 22 22 23 24 24
Volume 47 64 84 110 178 235
(Mtoe)
Volume (TCF) 1.84 251 3.29 4.31 6.98 9.21
AAGR (%) 6 7 5 5 3
AAGR = average annual growth rate, TCF = trillion cubic feet.
Source: Government of Indonesia (2014).
2. [bD w2t8 Ay LyR2ySaAlQa 9ySNHE& { dzLJLJ &

Indonesia is a pioneer in the LNG industry. The country started the LNG industry in the early
70s. The construction of LNG Plant Arun train 1/2/3 and LNG Plant Bontang train A/B started
in 1974, each with a capacity of 1.7 MTPA (million tonnes per anrtime)first LNG was
shipped to Japan from LNG Badak in 1977, followed by LNG Arun in 1978. The available
market in East Asia encouraged Indonesia to rapidly expand the LNG plant capacity. LNG Arun
doubled to six trains with a total capacity of 12.5 MTPA.t&ogm was expanded to eight

trains, processing 22.5 MTPA at its peak production. Indonesia built two more LNG plants:
LNG Donggi Senoro with a capacity of 2 MTPA and Tangguh LNG plant, with 7 MTPA. Donggi
Senoro LNG delivered its first LNG in 2015 and Tdngg 2009. Indonesia is currently
developing two more LNG plants, Tangguh Train lll and Masela.

Natural gas has supplied domestic energy demand, fuelled power plants, and used in the
industry and commercial sectors as well. However, due to geogrdpbimaditions,
Indonesia, being an archipelagic country, faces several challenges in transporting gas to
consumers. Most gas fields in Indonesia are located indegsloped areas, far from
consumers. To transport natural gas from the gas field to conssim@donesia has
developed natural gas infrastructure consisting of transmission and distribution lines. The
current natural gas infrastructure comprises 5,254 km transmission lines; 6,183 km
distribution lines; and 3,438 km city gas pipelines. In 2020¢diipanies were active in
transmitting natural gas and 30 companies are involved in distribution. However, only PT
Pertamina Gas and Perusahaan Gas Negara (PGN) (State Gas Company) then merged as
t SNIi | Y A-joldifgithat{pldsd a major role in both tramission and distribution.

Domestic use of LNG in Indonesia started when the government decided to allocate LNG to
overcome the gas supply shortage in West Java in 2010. PT Nusantara Regas, a joint



Pertamina and PGN subsidiary, constructed the Floatioga§¢ Regasification Unit (FSRU)

with a storage capacity of 3 MTPA and regasification capacity of 500 million standard cubic
feet per day (MMSCFD), and stationed in Jakarta Bay. The LNG ship Aquarius, with a capacity
of 125 CBM, has been delivering LNGrfrilne Badak and Tangguh LNG plants since 2012,
and from Donggi LNG plant since 2016. The main LNG consumers are power plants owned
by the Perusahaan Listrik Negara (PLN) (State Electricity Company): Muara Karang, Tanjung
Priok, and Muara Tawar.

The @vernment issued a licence for the construction of the second FSRU in Medan in 2012.
However, since the government converted the Arun LNG plant to an LNG receiving, storage,
and regasification terminal, the FSRU operated by PGN relocated to Lampungréedlista
operation in 2014. FSRU Lampung measures 294 metres in length and 46 metres wide. It
stores LNG 170,000 CBM and regasifies 240 MMSCFD of LNG.

Due to declining gas resources, after having exported 4,269 cargoes of LNG since 1978, the
governmer closed the Arun LNG plant in May 2014. The government decided to convert the
plant into a storage and regasification terminal to supply industry in Aceh and North Sumatra
in 2015. The total regasification facility operated by PT Perta Arun Gas is 450MIM$he

facility supplies LNG to PLN with 105 MMSCFD for the fuelling power plants in Arun and
Belawan. Gas to Belawan is transported through 350 km with-ia@#diameter pipeline

which could deliver 250 MMSCFD gas. LNG supply for the Arun Storagegasifi€ation

Facility is generated from Bontang, Donggi, and Tangguh. In 2019, Perta Arun Gas expanded
its Arun facility as a hub for international LNG trade by renting its LNG storage capacity to the
international LNG trader.

Currently, Indonesia is wailg for the commissioning of the fifth LNG storage and
regasification facility in Teluk Lamong, East Java. At the initial stage of operation, the facility
will use offshore storage and regasification unit capable to handle regasification at 180
MMSCFD. Ahe final stage, the facility will use a ladvdsed fixed LNG tank with a capacity

of 50,000 CBM, constructed in a zhBctare land; it is expected to be ready by 2023. The
regasification facility is expected to be expanded to provide a maximum of 600 MIMSC
regasification capacity in the future. The facility is equipped with a ssnale LNG filling
terminal to fill an 1SO tank of 20 feet by 40 feet, which will be transported to consumers in
East Java Region.

Indonesia has transported LNG using traodunted 1SO tank 12 feet to supply the power

plant at Semberah located 70 km from the Badak LNG plant. LNG is transported from Bontang
via ISO tanks and stored at six 105 CBM LNG tanks. LNG is regasified at 7.9 MMSFD to fuel a
2 x 20 MW gas power plant. TwigriSO tank trucks are dedicated to transport LNG.

To meet domestic energy demand, LNG is also used for transportation and commercial fuel.
Pertamina conducted a trial test of LNG used to fuel trucks in Balikpapan in 2014. Some LNG
fuelled trucks were beig used by mining companies in East Kalimantan recently. In addition,
LNG transported in ISO tanks has supplied industries in North Sumatra, East Kalimantan,
South Sulawesi, and Soutast Sulawesi. Private companies will supply LNG to hotels in West
Javapali, and other regions.



In June 2020, the government, through an MEMR decree, established a task force on energy
utilisation and energy security whose task is to increase LNG consumption in the industry,
household, and transport sectors, especially tsldpping industry. The task force was
mandated to secure the construction of LNG terminals in West and Central Java. Following
the decree, Pertamina started trying out the Anchor Handling and Tug Supply ship to support
offshore oil and gas in East Kalimamt To enable LNG consumption, the ship was converted

to diesel dual fuel with fuel combination LNG: higpeed diesel is 60:40. LNG was supplied

to the ship via ISO tanks. The commercial use of LNG to fuel ships will start in August 2021.
The governmentsi also seriously considering the use of LNG for rail transport.

3. SmaltScale LNG Terminal

The Government of Indonesia issued the National Gas Policy Road Maj2@8@4n 2014.

This policy proposed that smaitale LNG infrastructures supply gas to sheall islands in

East Indonesia. Indonesia started its first mini LNG terminal at Benoa Bali in April 2016. The
LNG terminal operated by Pelindo Energi Logistik intended to supply gas teMVZ fower

plant in Pesanggrahan, Bali at 40 MMSCFD rates. Nie facility consists of two main
infrastructures, namely, the floating regasification unit (FRU) and the floating storage unit
(FSU). FSU Hysy and FRU were both rented and moored alongside the Pelindo wharf at Benoa
Bay. LNG from Badak was stored at th&J F&nt to the FRU located next to the FSRU for
regasification, then piped to the PLN power plant in Pesanggrahan. The total investment
reported was US$500 million. In addition to supplying the power plant in Pesanggrahan, the
terminal also aimed to supplgooling water to Ngurah Rai Airport, located 6 km from the
terminal site.

After almost 3 years of operations, Pelindo Energi Logistik decommissioned the FSU and FRU
unit and installed a new FSRU, namely, Karunia Dewata in December 2018. The FSRU is
equipped with four independent ®/pe LNG tanks, each with a capacity of 6,500 CBM or
26,000 CBM in total. The FSRU regasifies LNG at 50 MMSCFD and sends the gas to
Pesanggrahan power plants.

4. Regulatory Framework

Gas distribution in Indonesia is reguldtby the following: (i) Law No. 22/2001 regarding olil

and gas law and its derivatives, (ii) Government Regulation No. 36/2004 concerning the Oil

and Gas Downstream Business, and (iii) MEMR Regulation No. 4/2018 regarding the
Downstream Gas Business to Areoodate LNG as a Mode of Transport of Gas for the

Domestic Market and Prohibit Multilevel Gas Trading, which replaced the previous MEMR
wS3dzA A2y b2d mMpkuand O2yOSNYyAy3I GKS bl GdzNI €
gas regulatory framework prontes unbundling business models, whereby upstream

companies are prohibited from taking part in the downstream business, and vice versa.

Article 8 no. 3 of Law No. 22/2001 provides that transport business activities of natural gas
connected through pipelines shall be regulated so that their utilisation is open for all. The law



allowed the private sector to build and operate gas pipelindge Mmatural gas business
framework in Indonesia adopts retail competition. However, the majority of pipelines built
before the enactment of Law No. 22 of 2001 were projgotcific poirtto-point pipeline,

their capacity was not prepared to transport a largsolume of gas, have various
specifications, and were challenging for interconnection. Only part of the transmission lines
are open for thirdparty access, whilst most distribution companies still operate in
monopoly. Geographical conditions also misnhateith infrastructure, gas resources, and
consumers in some circumstances, encouraging gas sellers or traders or consumers to build
their pipelines. As a result, the implementation of the open access policy and competition is
yet to be effective.

Currenty, 38 companies have entered the market and are involved in the downstream gas
business. However, only 10 firms that entered the gas market own the infrastrugthey

built pipelines to distribute gag whereas Pertagas and PGN are the dominant playiérs.

rest of the companies only act as pure traders. These pure trader companies have added
more layers in gas transactions, leading to cost inefficiency.

The MEMR issued Minister Regulation No. 6/2016 concerning the provisions and procedures
for determining the allocation, utilisation, and price of natural gas. Under this regulation, the
government encourages gas trading between producers and direct consumers and abolished
pure trader companies to reduce the gas price for consumers. Besides, the regaliation
encourages optimisation and utilisation of gas as a driver of economic growth.

In 2016, the government introduced economic stimuli to enhance economic growth. One is
a policy to maximise gas for national development and is provided to certain irehistr
Under this policy, companies in which gas is ¢89%0 part of their cost structure are to
receive gas supply with a special price of US$6.00/MMBTU (million British thermal unit). The
industries listed to receive incentives are oleochemical, fertilipetrochemical, steel,
ceramic, glass, and gloves. To meet the gas price target, the government subsidised gas from
shared revenue generated by the upstream gas fields. In addition, the government also
adjusted toll fees, considered an appropriate normalurn on investment in midstream
business. Gas pricing mechanism for those industries, which were subsidised, is regulated by
MEMR Regulation No. 40/2016 on gas pricing for certain industries. Under this regulation,
gas prices for fertiliser and petrocheral are linked to the price of urea and ammonia. For

the steel industry, gas prices are linked to hot rolled coil. The scheme of regulation is
elaborated in Figure 2.1.



Figure 2.1: Gas Allocation and Pricing Policy
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SourceMEMR Regulation Nd0/2016 and MEMR Regulation No. 8/2020.

MEMR Regulation No. 40/2016 concerning gas pricing for certain industries was amended by
MEMR No. 8/2020 (MEMR, 2020a) which sets the maximum gas price of listed industries at
US$6.0/MMBTU at plant gate. The detaiforicing for industries were set by the Ministry

of Energy and Mineral Resources (MEMR) Decree 89 K/10/MEM/2020 regarding Consumers
and Price of Natural Gas for Industry. Prices are adjusted such that these would not
economically jeopardise the upstreasompanies. The government provides subsidy from its
share in the related gas fields. Government assigned Pertamina to supply gas to industries
through Decree 90 K/10/MEM/2020 regarding Appointment of PT Pertamina (Persero) to
Deliver Gas to Industrial Cammers.

For power generation, the gas price is regulated under MEMR No. 11/2017 concerning gas
for power plant pricing, which was amended by MEMR Regulation No. 45/2017. The latest
amendment was by MEMR Regulation No. 10/2020, which sets the maximunofpgas for

power generation at US$6.0/MMBTU. The price of wellhead gas and mine mouth power

plant gas is 8% Indonesian crude price.

The price of downstream gas (gas transported) through pipeline is determined by MEMR
Regulation No. 58/2017 (MEMR, 2017aparding the price of natural gas transported
through pipelines. The final price of natural gas for consumers is determined by the wellhead
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economic developménand is negotiable. The infrastructure costs include transport and
distribution, liquefaction, compression, regasification, and storage. The government sets up

a formula for calculating the cost of infrastructures. The internal rate of return (IRR) of
infrastructure was set at 11% for developed markets and 12% for underdeveloped markets.

For IRR calculation, the government used the assumption that 60% of the capacity of
infrastructure was used and the lifetime of the infrastructure at 15 years for new
infrastructure. For pipeline/infrastructure that exceed 15 years, the lifetime is calculated
based on the designated remaining life of the infrastructure in operation. Trader cost is set

at 7% of gas price.

5. Future LNG Development Policy
Due to their nature, most power plants in Eastern Indonesia are powered by oil.

However, since LNG technology currently enables the transport of LNG in small volume, the
government issued a policy to convert oil into LNG to generate power in the area. Th
implementing policy crafted in MEMR Decree No. 13 K/13/MEM/2020 (MEMR, 2020¢)
concerning assignment of the construction of LNG infrastructure in Eastern Indonesia,
conversion of fuel oil into LNG to supply electricity, and securing LNG supply. The decree
assigned Pertamina to build LNG storage and regasification infrastructures to convert 52
power plants in Eastern Indonesia, with a total LNG demand of 170 billion BTU per day. An
early process to implement the policy is taking place.

Figure 2.2: ProposeNatural Gas Plant in Papua and Maluku
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Indonesia will develop a 9 MTPA capacity LNG plant in MaSk&role of LNG to meet
domestic energy demand will continuously increase. Indonesia will also be an LNG hub as
indicated by the opening of the Arun terminal to store LNG owned by overseas companies.
Declining gas in East Kalimantan will reduce the dperaof LNG Badak. LNG Badan plant
will most likely be converted into an LNG storage and regasification facility either partially or
completely if LNG production ceases. It has a similar path to that of the Arun LNG plant.

Figure 2.3: Proposed Gas Powdaift in Sulawesi, Bali, and Nusa Tenggara
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The utilisation of LNG to meet future energy demand will increase. Per experience in
operating the FSRU, the regasification unit piflvide a good learning curve in maximising

[ bD AYFNI a0 NHOGIZINE RSGOSE2LIYSYyd FyR dzasS (2
national goal of reducing emissions from the energy sector.

6. Conclusion

The Government of Indonesia sees thiid.is an important source of energy for fuelling the
economy and securing the energy supply of the country. Several policies encourage
optimisation of gas supply in the country, such as pricing policy, incentives for infrastructure
development, and faciliittion of accurate business policies that bring natural gas to
consumers.
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Chapter 3
Forecast of LNG Demand in Eastern Indonesia

This study focuses on delivering LNG in Eastern Indonesia to meet the requirement of natural
gagfired power plants (GPPs). tivers the eastern part of Indonesia and the provinces listed

in Table 3.1. Kalimantan provinces are excluded because the requirement of GPPs will be met
internally through pipelines. This chapter projects electricity demand for the designated area,
and bagd on this, forecast LNG demand.

Table 3.1: Provinces Covered in the Study

No. Province
1 North Sulawesi
2 Gorontalo
3 Center Sulawesi
4 Southeast Sulawesi
5 West Sulawesi
6 South Sulawesi
7 Maluku
8 North Maluku
9 Papua
10 West Papua
11 Bali
12 East Nusa Tenggara (NTT)
13 West Nusa Tenggara (NTB)

{2dzNOSY ! dziK2NBEQ Ol f Odzf  GA2Yy D

1. Current Situation

LYR2YSaAl Q& St $OGNK OA (i ehoud @\WH) drZalBiabc@ryingdolthé Hon dc

Directorate General of Electricity (2019). Most of this consumption was from the residential
(42%) and industry (33%) sectors. By region, Java electricity consonggitounted for

about 71% of the total consumption, and Eastern Indonesia shares were 9%. These are the
consumption of Sulawesi, Maluku, North Maluku, Papua, West Papua, Bali, West and East
Nusa Tenggara (NTB and NTT).

Electricity supply of these regionsstly came from diesel power plantround 71%, whilst
steam and hydro power plants accounted for around 15% and 8%, respectively. The
remaining supply are from GPPs, solar, wind, and geothermal. Figure 3.1 shows the
distribution of power plants in theasignated Eastern Indonesia regions.
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Figure 3.1. Plant Capacities in Eastern Indonesia, 2018
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Source: Directorate General okEfricity, Indonesia (2019).

Recently, the MEMR issued Ministerial Decree No. 13 K/13/MEM/2020, mandating PT PLN,

GKS {G1rGS 9t SOGNROAGEe /2YLIl yesx G2 O2y@SNI GKS p
purpose, as noted in the decree, is to reduce thade deficit and to support the energy
RAGSNEAFAOFIGA2Y LINRPBIANIYYSD ¢KS O2y@BSNRAZ2Y FTNRY
consumption from 2.6 million kilolitres (kL) per year to 1.6 million kL per year, with estimated

operational cost savings &p4 trillion (US$286 million).

The ministry also assigned the staiened oil company, Pertamina, to supply the glsis

includes the development of the LNG infrastructure to receive, store, and regasify LNG. PT

Pertamina is obligated to set the prige¥ (G KS NBX3IFaAaAFASR Il a G QLI I yi
in a lower production cost of PT PLN compared to usingspegled diesel

Of the total 52 diesel plants in the decree, 32 plants are in Eastern Indonesia with a total
capacity of 801 MW. Table 3.Baws the total capacity of the diesel plants in said region to
be converted into gas.

1 Assumption: US$1.00 = Rp14,000.
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Table 3.2: Total Diesel Plants Converted to GPPs in Eastern Indonesia

Province Capacity (MW)

NTB (West Nusa Tenggara) 150
NTT (East Nusa Tenggara) 123
North Maluku 100
Maluku 110
Papua 100
West Papua 20
Gorontalo 100
Southeast Sulawesi 98

Total 801

Source: MEMR (2020e).

2. Electricity Demand Forecast

Electricity demand will continue to increase, and total electricity demand of Indonesia is
projected to reach 638.8 terawattours (TWh) by 2030, growing at an average rate of 7.5%
per year over the 20X2030 period. This electricity projection is from the National Electricity
Plan (RUKN) 20&2038 (MEMR, 2019). The RUKN projected electricityaahel by province
based on the population and GDP growth rate of each region and on the existing plan of the
processing plants of mineral and mining companies. The electricity demand for these
processing plants were included in the projection because theeigmnent had issued
mineral laws that mandated companies to build processing plants before exporting the
minerals. The mineral reserves are mostly in Eastern Indonesia, such as Sulawesi and Maluku
Islands. Figure 3.2 shows the projected total electricégnend in the covered provinces of

the study by subsector.

Figure 3.2: Electricity Demand Projection in Eastern Indonesia (TWh)
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Source: MEMR (2019a).
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The total electricity demand of the region will grow at an average of 9% per ngzanhing

FfY2ad dc ¢2K 060& wHnond® ¢KS NBIA2YyQa RSYFIYR Aa
growth is faster. The industry sector will dominate the electricity demand of the region (61%

in 2030) and the demand is projected to grow at an average rald @% per year over the

201cHnon LISNA2R® ¢KS NBaAaARSyGAlf aSOd2Nna akKl NB
higher than the commercial sector (18%) in 2030.

The RUKN limits the electricity demand projection at the province level. Breakdown by the

regency will be estimated in the study by assuming the same level of electricity demand per

capita of the province. Thus, the regency level electricity demand is calculated using the
formula:

ED; = POR * EDG

where:
ED = Electricity demand of regency i in province j
POR = Population in regency il in province j
EDE = Average electricity demand per capita of province |

The average electricity demand per capita (EDC) of the province will be the RUKN electricity
demand projection of the province divided by the projected population of the province. The
population figures were obtained from the Badan Pusat Statistik (BP$8grdgral and
provincial statistical agency. The population projection of the province was based on the
population projection of the National Development Planning Agency (Bappenas), BPS, and
United Nations Population Fund (UNFPA) (BPS, 2013). The popplajection was done

only at the province level. The regional population in 2030 was calculated using the existing
regency shares to its province (2017 data). The resulting population by regency and the
calculated electricity demand of these regencies wWasbasis for selecting the location of
potential GPPs.

After discussion and considerations, the study selected locations in the provinces which can
potentially build the combined cycle gas turbine (CCGT) and demand in 2030 more than 100
GWh. These are the locations on the island of Sulawesi, one location in Bali Island, two
locations in each province of NTB, NTT, Maluku, North Maluku, West Papua, and four
locations in Papua. Table 3.3 shows the selected locations of the provinces, their population,
andthe total and per capita electricity demand.
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Table 3.3: Electricity Consumption, 2030

Total Electricity Electricity per
Region Population Consumption Capita
People GWh KWh/capita
North Sulawesi 2,696,228 6,719 2,492
Center Sulawesi 3,480,252 14,892 4,279
South Sulawesi 7,486,185 16,799 2,244
Bali 4,765,261 9,602 2,015
West Nusa Tenggara 5,581,818 5,219 935
1 | Lombok 3,913,290 3,659
2 | Sumbawa 1,668,528 1,560
East Nusa Tenggara 6,408,964 2,288 357
1 | Flores Island 2,431,126 868
2 | Kupang/Timor Island 2,309,014 824
Maluku 2,104,922 1,625 772
1 | Buru 485,985 375
2 | Ambon 581,903 449
North Maluku 1,499,436 13,282 8,858
1 | Halmahera (South) 833,352 7,382
2 | Ternate 277,478 2,458
Papua 3,937,992 4,001 1,016
1 | Merauke 269,418 274
2 | Yapen Island (Serui) 114,583 116
3 | Biak 174,512 177
4 | Jayapura City 354,204 360
West Papua 1,200,153 4,701 3,917
1 | Manokwari 218,670 857
2 | Sorong City 885,726 3,469

{2dz2NDOSY ! dziK2NEQ OFf Odzf FiA2Yy ®

After selecting the potential locations, the next step was to identify the city where the
harbour or port will be. Table 3.4 shows the city name and the abbreviations used for

modelling purposes.
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Table 3.4: Potential Location for CCGT

No. | Potential Location Cty Name Abbreviation
1 North Sulawesi Manado MND
2 Center Sulawesi Palu PAL
3 South Sulawesi Makassar MKS
4 Bali Benoa BNO
5 Lombok, West Nusa Tenggara Lembar LMB
6 Sumbawa, West Nusa Tenggara | Badas BDS
7 Flores, East Nusa Tenggara Labuan Bajo LBJ
8 Kupang, East Nusa Tenggara Kupang KPG
9 Ambon, Maluku Ambon AMB
10 Buru Island, Maluku Namlea NLA
11 | Halmahera (South), North Maluku] Weda WED
12 Ternate, North Maluku Ternate TTE
13 | Yapen Island, Papua Serui SRU
14 Biak, Papua Biak BIK
15 Merauke, Papua Merauke MRK
16 Jayapura, Papua Jayapura JAP
17 Manokwari, West Papua Manokwari MNK
18 Sorong, West Papua Sorong SON

CCGT = combined cycle gas turbine.

Source: Authors.

3. LNG Demand Forecast

3.1. Estimating electricity production from GPPs

The total electricity production in 2030 for the selected region (Table 3.5) was calculated as
follows:

Production ; = Demand/(1 -(OTD/100))
where:

Production= Electricity production of location i
Demangd = Electricity demand of location i
OTD = Own use and transmission and distribution (T&D) losses

The own use and T&D losses for all selected regions were assumed to be 12.87%. This was
the average of PT PLN figures in Indonesia.
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Table 3.5: Elddcity Production of Selected Regions in 2030

Electricity Own Use and Electricity
Potential Location Demand T&D Losses Production
GWh % GWh
Center Sulawesi 14,892 12.87 17,092
South Sulawesi 16,799 12.87 19,281
North Sulawesi 6,719 12.87 7,712
Bali 9,602 12.87 11,020
Lombok, West Nusa Tenggara 3,659 12.87 4,199
Sumbawa, West Nusa Tenggara 1,560 12.87 1,791
Flores, East Nusa Tenggara 868 12.87 996
Kupang, East Nusa Tenggara 824 12.87 946
Buru IslandMaluku 375 12.87 431
Ambon, Maluku 449 12.87 516
Halmahera (South), North Maluku 7,382 12.87 8,472
Ternate, North Maluku 2,458 12.87 2,821
Yapen Island, Papua 116 12.87 134
Biak, Papua 177 12.87 203
Merauke, Papua 247 12.87 314
Jayapura, Papua 360 12.87 413
Manokwari, West Papua 857 12.87 983
Sorong, West Papua 1,232 12.87 1,414

T&D = transmission and distribution.
{2dzNOSY ! dziK2NBEQ Ol £t Odzf  GA2Yy

Currently, there are power plants existing to meet thkectricity demand in the selected
locations. The Electricity Supply Business Plan (RUPTL) of PT RI202® 480 includes the
expansion of these power plants and the construction of new plants until 2028 (PLN, 2019).
In addition to the planned capacitf the natural GPPs, the study assumed that thévafied
power plants in the selected region will be replaced by gas following MEMR Decree 13
K/13/MEM/2020. The coal steam power plants and renewable plants in 2030 will generate
electricity based on the asimed installed capacity in the RUPTL 22028 and the capacity
factor shown in Table 3.6. Additionally, information on electricity production generated by
coal and renewables is shown in Table 3.7.

Table 3.6: Capacity Factor of Power Generator (%)

Capadiy Factor, %
Coal 80
Hydro 65
Wind 45
Solar 15
Geothermal 85

{2dzNOSY ! dziK2NBEQ Ol f Odzf  GA2Yy
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Table 3.7: Electricity Production from Coal and Renewables (GWh)

Potential Location Coal Hydro Biomass Solar Geothermal | Wind Total
Center Sulawesi 14,962.78| 1,262.47 0.00 0.00 0.00 0.00| 16,225.25
South Sulawesi 6,937.92| 10,295.61 105.47 6.95 0.00| 559.76| 17,905.71
North Sulawesi 4,316.93 704.01 122.64 1.76 893.52 0.32| 6,039.18
Balf 5,788.61 140.24 97.50 268.41 2,159.34 5.44| 8,459.54
Lombok, West Nusa Tenggara 770.88 87.69 0.00 0.00 0.00 0.00 858.57
Sumbawa, West Nusa Tenggara 0.00 2.85 0.00 0.00 0.00 0.00 2.85
Flores, East Nusa Tenggara 98.11 4.56 0.00 0.00 74.46 0.00 177.13
Kupang, East Nuganggara 441.50 1.14 0.00 131 0.00 0.00 443.95
Buru Island, Maluku 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ambon, Maluku 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Halmahera (South), North Maluku| 5,739.55 0.00 0.00 0.00 0.00 0.00| 5,739.55
Ternate, NorthMaluku 280.32 0.00 0.00 0.00 0.00 0.00 280.32
Yapen Island (Serui), Papua 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Biak, Papua 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Merauke, Papua 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Jayapura, Papua 168.19 113.88 0.00 0.00 0.00 0.00 282.07
Manokwari, West Papua 84.10 17.65 0.00 0.00 0.00 0.00 101.75
Sorong, West Papua 0.00 0.00 0.00 0.00 0.00 0.00 0.00
s Lt AQa SfS,OGNJ\O)\[']“é LgNERd;Oﬂxzy AyOf dzRS&a GKS AyiSNO2yySOlAzy FNRBY WIgl X
{2d2NDSY ! dziK2NBRQ OF t Odzt F iA2y ®
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Electricity generation from the GPPs is the difference between total electricity production in
the selectel location minus the generation from the coal and renewable power plants.

3.2. Calculation of LNG demand
The LNG demand for each selected region will be calculated based on the gas input for the
natural GPPs. The gas input is calculated usingptineula:

Input = Output/Plant Efficiency

The plant efficiency of GPPs is assumed to be 39%. The electricity output in GWh will be first
converted to kiloton of oil equivalent (ktoe) using the following:

1 GWh = 0.086 ktoe
The natural gas requirements wikg calculated using the conversion:
1 ktoe = 0.00111 billionn

The conversion of natural gas from billiod tm million tonnes of LNG will use the following
factor:

1 billion n¥ = 0.714 million tonnes

The results of the LNG demand for the electricity gatien of the GPPs is shown in Table
3.8.
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Table 3.8: LNG Demand Forecast for the GPPs in the Selected Locations

Production from | Efficiency Gas Consumption LNG

Potential Location CCGT CCGT Consumption

GWh ktoe % ktoe | billion m* | million tonnes
Center Sulawesi 1,415.54| 122 39 312 0.35 0.247
South Sulawesi 1,313.47] 113 39 290 0.32 0.230
North Sulawesi 1,096.97 94 39 242 0.27 0.132
Bali 2,968.18| 255 39 655 0.73 0.519
Lombok, 2,598.92| 224 39 573 0.64 0.454
West Nusa
Tenggara
Sumbawa, 1,47494| 127 39 325 0.36 0.258
WestNusa
Tenggara
Flores, 597.32 51 39 132 0.15 0.104
East Nusa Tenggat
Kupang, 565.20 49 39 125 0.14 0.099
East Nusa Tenggat
Buru Island, 430.60 37 39 95 0.11 0.075
Maluku
Ambon, 515.59 44 39 114 0.13 0.090
Maluku
Halmahera (South)| 2,596.93| 223 39 573 0.64 0.454
North Maluku
Ternate, 2,540.66| 218 39 560 0.62 0.444
North Maluku
Yapen Island 133.61 11 39 29 0.03 0.023
(Serui),
Papua
Biak, 203.49 18 39 45 0.05 0.036
Papua
Merauke, 292.70 25 39 65 0.07 0.051
Papua
Jayapura, 130.96 11 39 29 0.03 0.023
Papua
Manokwari, 88.31 76 39 194 0.22 0.154
West Papua
Sorong, 1,413.54) 122 39 312 0.35 0.247
West Papua

CCGT = combined cycle gas turbine, GPP = natugfirgdpower plant, ktoe = kiloton of oil equivalent

{ 2dzNDOSY
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Table 3.9 shows the LNG refilling for a large ship with a capacity of 13,500 tonnes.

Table 3.9: LNG Refilling Capacity for Large Ships

LNG Consumption

Refilling to Large Ship

Potential Location

kiloton t/day Refill LNG/day

Center Sulawesi 152 415 32.52
South Sulawesi 240 659 20.50
North Sulawesi 292 801 16.85
Bali 448 1,227 11.01
Lombok, West Nusa Tenggara 584 1,600 8.44

Sumbawa, West Nusa Tenggara 313 856 15.77
Flores, East Nusa Tenggara 143 392 34.41
Kupang, East Nusa Tenggara 88 241 56.13
Buru Island, Maluku 75 206 65.45
Ambon, Maluku 90 247 54.66
HalmahergSouth), North Maluku 478 1,309 10.31
Ternate, North Maluku 444 1,217 11.09
Yapen Island (Serui), Papua 23 64 210.94
Biak, Papua 36 91 138.50
Merauke, Papua 55 150 89.71
Jayapura, Papua 23 63 215.21
Manokwari, West Papua 55 422 31.98
SorongWest Papua 247 677 19.94

{2dz2NDOSY ! dziK2NEQ OFf Odzf FiA2Yy ®
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Chapter 4
Selection of LNG Receiving Ports

In this chapter, we proposed the locations of LNG receiving ports by using a methodology
that considers several factors. First, we looked at the forecasted LNG demand in Eastern
Indonesia as estimated in chapter 3. Second, in each region we gathereabalitsehat are
geographically close to the existing or plandeebe-developed natural gagired or dual

engine power plants. Third, we gathered information on the profile of those seaports. Finally,
considering the specifications of the model LNG cawisisels, we selected several seaports

as LNG receiving ports based on the accessibility of those seaports.

In section 4.1, we presented the initial candidates for LNG receiving terminals (ports) based
on the location of the existing seaports, the forelmmsLNG demand and the existing and
planned GPPs. In section 4.2, we selected LNG carrier vessels and presented their
characteristics. Finally, in section 4.3, we presented the selected receiving ports based on
their accessibility for the model ships.

1. Regons and the Potential LNG Receiving Ports

Chapter 3 identified 21 regions that include cities and small islands where potential LNG
demand for power generation would likely be generated in the future, i.e. in the 2040
horizon.Table 4.lsummarises the ragdts of demand forecasting, the potential seaports, the
existing and planned gdged and dualengine power plants, and the installed or planned
to-be-installed power generation capacity.

The existing seaports were selected as potential LNG receiving @otérminals since they

are currently serving the corresponding city or island as maritime ports. We also identified
the existence of gaired and/or dualengine power plants and/or plans to build and operate
them in the near future. Several regiogSouth Halmahera, Flores Island, and North Sulawesi
¢ have more than one potential seaport to serve as LNG receivers.
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Table 4.1: Regions, Forecasted LNG Demand, Potential Seaports,
and Natural GasFired Power Plants

Existing and Installed or Te
Estimated LNG Demand Planned Gas BeInstalled
Location Seaports | Fired and Dual Capacity
Engine Power
2030 2040 Megawatt (MW)
Plants
Center 1.87 2.27| Palu- PLTG Palu (KEK 200
Sulawesi Pantoloan| Special Economig
RegionKawasan
Ekonomi Khusiis
South 4.22 8.44 | Makassar | PLTG Makassar 450
Sulawesi New Port | Peakerg
Tamalanrea
North Bitung
Sulawesi
Manado
Bali 0.91 2.75| Benoa PLTDG 200
Pesanggaran
Lombok, West 0.58 0.82| Lembar- | PLTG MPP 50
Nusa Mataram, | Jeranjand.ombok
Tenggara West
Lombok
Sumbawa, 0.31 0.41 | Badas PLTMG Sumbawd 50
West Nusa Sumbawa | - Labuan Badas
Tenggara
Flores, East 0.15 0.28| Labuhan | MPP Flores 20
Nusa Bajo Manggarai Barat
Tenggara
Maumere | PLTMG Maumere 40
- Sikka
Kupang, East 0.09 0.21| Tenau- PLTMG Kupang 40
Nusa Kupang Peaker- Lifuleo
Tenggara (2018)
Buru Island, 0.08 0.10| Namlea PLTMG Namlea 10
Maluku (2020)
Ambon, 0.09 0.12| Ambon PLTMG Ambon 30+70
Maluku Peaker- Waali
(2020)
Halmahera 1.48 1.55| Tobelo PLTMGViamuya 30
(South), North Galela
Maluku
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Tapaleo | PLTG Halmahera 80
Timur
Ternate, 0.44 0.47 | Ternate PLTMG Ternate 30
North Maluku Kota Baru | Kastela
Yapen Island 0.02 0.05]| Serui PLTMG Serui 10
(Serui), Papua
Biak, Papua 0.04 0.07 | Biak PLTMG Biak 35
(2018)
PLTM@iak 2 20
(2019)
Merauke, 0.05 0.11| Merauke | PLTMG Merauke 20
Papua Karang Indah
Jayapura, 0.02 0.09| Jayapura | MPP Jayapura 50
Papua (2017)
PLTMG Jayapura| 40
Peaker (2019)
PLTMG Jayapura 50
(2020)
Manokwari, 0.15 0.19 | Manokwa | MPP Manokwari 20
West Papua ri (2018)
PLTMG 20
Manokwari
(2019)
PLTMG 20
Manokwari
(2019)
Sorong, West 0.25 0.30| Sorong PLTG Sorong 30
Papua (2018)
PLTG Sorong 20
(2019)
PLTMG Sorong 50
(2025)
PLTG = gd#red power plant, PLTMG = gaisgine power plant, PLTDG = diesel and gas power plant, MPP = mobile
power plant.

{2dz2NDOSY ! dziK2NEQ S&GAYIFGA2Y FYR OFtOdg A2y ®
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2. SmaltScale LNG Carrier Vessels

DNVGL (2019) listed 96 smaitale LNG carrier vessels. From the different vessel information
database available on the Interrfetve collected information on the tanker size of 67 ships
amongst the active ships. The maximum tanker size of the 67 ships is 36,000 cubic metres
(CBM). We grouped the ships into four classes according to tanker size:

- Under 10,000 CBM
- 10,00%20,000 CBM
- 20,001%30,000 CBM
- 30,00%40,000 CBM

It appears that vessels with tanker size under 10,000 CBM make more than half of the total
smallscale LNG fleet in the world and the percentage seems to decrease with tanker size
(Figure 4.1).

Figure 4.1: Share of Smdicale LNG Carrier Vessels According to Tanker Size

W Under 10000 CBM

M 10001 To 20000 CBM

B 20001 To 30000 CBM
30001 To 40000 CBM

{2dz2NDOSY ! dziK2NEQ OFf Odzf FiA2Yy ®

For each tanker size class, we selected one model vessel and assumed that their
characteristics represent those of ships in tass.

Table 4.2 presents the five vesgalodels based on four real LNG carrier ships

2Most of the information were gathered fromww.marinetraffic.comand www.vesselfinder.com.
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Table 4.2: Selected LNG Carrier Model Vessels and their Characteristics

LNG Carrier LNG Length Gross (Summer) Average Maximum Mlnlmum
Name Storage Overall Breadth Tonnage DWT Draught Speed Speed Depth in
Cap (LOA) Wharf
CBM Metre (m) | Metre (m) Tonne Tonne Metre (m) Knots Knots Metre (m)
Engie 5,000 107.60 18.4 7,403 3,121 4.80 9.66 11.52 5.28
Zeebrugge
Aman Hakata 18,000 130.00 25.7 16,336 10,951 5.50 9.96 11.57 6.05
JS Ineos 27,500 180.30 26.6 22,887 20,916 8.00 13.23 15.29 8.80
Independence
Navigator 35,000 179.89 29.6 27,546 27,014 9.17 13.40 14.57 10.08
Nova

CBM = cubic metre, DWT = deadweitgiitnage.
L dzl K2 NBEQ St | 6 2uMdnibdingtdfficEMBndwWwWR lvasdelfinde@idoh f | 6 f S I (
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Figure 4.2: Selected Mod&lessels

Aman Hakata

Navigator Nova

Source: www.marinetraffic.com.

The minimum (water) depth of the wharf ifable 4.29 the minimum water depth that a
seaport needs to have in one of its wharfs so that an LNG carrier vessel can enter the seaport.

Figue43d K2ga GKIFG GKS gFGSNJ RSLIGK G GKS gKINF O2
under keel clearance (UKC) grodse UKC gross is a necessary depth from the bottom of the

aStk GKFG Fff2ga F2NI GKS aKALIQA &l dz2 iwave2 @SYSy
height and heeling and a clearance depth. The minimum UKC gross is set at 10% of the
YIFEAYdzY aRKISQar ARNMIYVEHIYG 61 SN RSLIK A& GKSy OFf Od
draft multiplied by a factor of 1.1.
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Figure 4.3: Under Keel Clearance Concept

Water surface

Draft
Water depth
squat |
Headroom UKC gross
+ Under keel clearance (UKC)
Sea floor
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3. Proposed LNG Receivers or Seaports

. FASR 2y GKS 'Y/ O2yOSLIiz [bD OFNNASNI Y2RSt @S3
wharf, and the information and data of minimum depth in channel/basin/wharf we received

from the Directory General of Seaports of the Ministry of Transportation, weraéned the

accessibility of each seaport for each LNG vessel. A seaport is accessible by an LNG vessel

GKSY GKS YAYAYdzy RSLIIK 2F 2yS 2F Aita OKIyyStax
required minimum wharf. The results are givenTiable 4.3where we finally selected 20

seaports that should serve as LNG receiving terminals.
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Table 4.3: Selected LNG Receiver Seaports and their Accessibility for LNG Carrier Model Vessels

. Shinju Engie Aman JS Ineos .
LNG Carrier Vessel Models Navigator Novg
Maru Zeebrugge| Hakata |Independence g
LNG Storage Cap (CBM) 2,513 5,000 18,000 27,500 35,000
Minimum Depth in Wharf (m) 4.61 5.28 6.05 8.80 10.08

Minimum depth

Port Location Port Name | channel/basin/
wharf
CenterSulawesi Palw; 9
Pantoloan
South Sulawesi Makassar 16
New Port
North Sulawesi Bitung 12
Bali Benoa 9
Lombok, West Nusa Lembar 7
Tenggara
Sumbawa, West Nusa Badas 7
Tenggara
Flores(West side), East Nusa| Labuhan Baj( 10
Tenggara
Kupang, East Nusa Tenggarg Tenau 17
Buru Island, Maluku Namlea 8
Ambon, Maluku Ambon 25.9
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Ternate, North Maluku Ternate Kota 12
Baru
Yapenisland (Serui), Papua | Serui 10
Biak, Papua Biak 9
Merauke, Papua Merauke 7
Jayapura, Papua Jayapura 9
Manokwari, West Papua Manokwari 12
Sorong City, West Papua Sorong 15

Accessibl
Not Accessibl

{2dz2NDOSY ! dziK2NEQ St 062Nl GAZ2y D
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Chapter 5
Outlook of LNG Production

1. LNG Development in Indonesia

Indonesia has been producing LNG since 1977, starting from the Badak LNG plant and
followed by the Arun LNG plant in 1978. During its peak operation, LNG Arun consisted of six
trains with a total capacity of 12.85 MTPA. The Bontang LNG plant consistieghtofrains

with a total capacity 22.5 MTPA. Two more LNG plants were put on stream afterwards. These
were LNG Tangguh, with a capacity of 7.6 MTPA on stream in 2009, and LNG Donggi Senoro,
with a capacity 2 MTPA on stream in 2014. However, due to degligias resources, the
production of LNG Arun ceased in 2014. The current total capacity of an LNG plant in
Indonesia is 31.4 MTPA. The declining gas reserves in East Kalimantan led to the closure of
four trains in the Badak LNG plant. In 2019, the totablp¥oduction of Indonesia was 16.4
MTPA: 6.4 MT from the Badak LNG plant, 7.8 MT from the Tangguh LNG plant, and 2.2 MT
from the Donggi Senoro LNG plant.

Although LNG production declined from 19.1 MT in 2015 to 16.4 MT in 2019 due to declining

productionin LNG Badak, the projected Indonesian LNG production will rebound after train

3 LNG Tangguh is completed in 2022. This will expand the plant capacity by 3.8 MTPA,
totalling 11.4 MTPA. The projected Masela LNG plant will add about 9 MTPA in capacity in
2028.

In addition to largescale LNG plants, Indonesia started developing ssoale LNG plants to
monetise stranded small gas fields. Gas technology development, either in transporting or
processing technology, provides an opportunity to utilise strandedllsgas resources. A
national downstream company, PT Kayan LNG Nusantara, will develop a small LNG plant in
Tana Tidung, North Kalimantan. The plant will process 22 MMSCFD gas from Simenggaris
field operated by PT Pertamina Hulu Energi Simenggaris aikB8do E&P Simenggaris. .

This project will start in December 2021.

Three more companies had secured the licence to build ssnalé LNG plants. These are (i)

PT Paraamartha LNG which will build an LNG plant in Sidoarjo with a capacity of 170
tonnes/day, {i) PT Sumber Aneka Gas which will build an LNG plant in Tuban with a feed gas
of 15 MMSCFD, and (iii)) PT Natgas, which will build an LNG plant in Batam with a capacity of
50 tonnes/ day. LNG production will be mainly generated by the Bontang, TangguigipDon
Masela plants, and several smadlale LNG plants that are expected to be on stream by 2030.

1.1. Badak LNG Plant

The Badak LNG Plant, located in Bontang East Kalimantan, was built to process gas from
Muara Badak field operated by Huffco, a Pertamina pobidun-sharing contractor, and sell

it as LNG to buyers in Japan. The first train, train A, started its production in July 1977 and
shipped the first LNG to Japan in August 1977. The Badak LNG plant expanded to eight trains
with a total capacity 22.5 MTPA&or almost 4 decades of the operation, LNG Badak had
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already shipped more than 59,000 cargoes. However, due to declining gas sources, only four
trains of LNG Badak were recently in operation.

According to the Indonesiadatural Gas Balandesued by the MMR (2018), the Badak LNG
plant will continue producing LNG until 2030 and beyond. The raw materials are expected to
be supplied by Mahakam Gas fields operated by Pertamina Hulu Mahakam and Muara Bakau
field operated by ENI. Additional supply is expectesimf IDD Ganal field operated by
Chevron, which will be on stream in 2025 at the rate of 205 MMSCFD and will be increased
up to 844 MMSCFD by 2027. However, after reaching its peak production in 2027, gas supply
will decline in 2028 from 844 to 769 MMSCRR2029, and 709 MMSCFD in 2030.

Natural gas from ENI East Sepinggan (Marakes) is going to be on stream in 2021 at 147
MMSCFD and will reach its peak production at 371 MMSCFD in 2023. The amount of
production will naturally decline but it will keep prodagi gas up to 2029. The outlook of
Badak LNG production and allocation is indicated in Figure 5.1.

Figure 5.1: Outlook LNG Badak Production and Allocation
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Source: MEMR (2018).

The production of BadakNG plant in 2020 will reach 6,047 kilotonnes. All production is
shipped to domestic and Japanese buyers. However, the slowing down of economic activities
due to the Covidl9 pandemic, which started in December 2019, has led to the curtailment
of producton. Demand is expected to rebound in 2021 as the pandemic could be handled
globally and economic activity would go back to normal. Badak LNG production will be limited
by the availability of gas. Under the Indonesikattural Gas Balan¢d8adak LNG produoti

will reach 4,553 kilotons in 2021. As the new gas resources go on stream, production will
increase to 7,221 kilotons in 2025 and decline afterwards to 2,424 kilotons in 2030.

Badak LNG production is allocated for both export and domestic markets aCtutrexports

at 780;902 kilotons/year will end in 2025. However, contracted sales for domestic buyers at
1,934 kilotons/year have been signed up to 2023. Although the continuation of sales
contracts with domestic buyers beyond 2023 and overseas buyemsnbe®025 have not

been secured yet, most likely the domestic buyers in Arun, Medan, Lampung, and West Java
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will need LNG supply from Bontang. In addition, LNG Badak will continuously seek the export
market, especially in East Asia, since the LNG marlgdshAsia offers the best price. Only
792 kilotons and 265 kilotons of LNG from Badak will be available to meet the LNG demand
of Eastern Indonesia in 2025 and 2030, respectively.

1.2. Tangguh LNG Plant

The Tangguh LNG plant, located in Bintuni Bay West Pajsajeveloped by BP Indone€sia

and its partners to monetise natural gas found around Bintuni Bay such as Berau, Wiriagar,
and Muturi. The first two train LNG plants with a total capacity 7.8 MTPA was constructed in
2005 and completed in 2009. The thirdain with a 3.8 MTPA capacity is still being
constructed and expected to be completed at the end of 2021. Figure 5.2 shows the outlook
of LNG Tangguh production.

Figure 5.2: Outlook Tangguh LNG Production and Allocation
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Source: MEMR (2018) akdithorsCanalysis.

3 https://www.bp.com/id_id/indonesia/home/siapsami/tangguhing.html
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In 2020, LNG Tangguh is expected to produce 130 cargoes of LNG equal to 7,800
kilotons of LNG. Amongst its production, 88 cargoes equivalent to 5,100 kilotons will be
exported, 33 cargoes or 2,100 kilotons will be delivered to domestic consuaretsaibout 9
cargoes are about to go to the spot market. Train 3 of LNG Tangguh will start its production
in 2022 and is expected to reach its maximum capacity in 2023. LNG Tangguh will maintain
its peak production at 11.4 MTPA from 2023 to 2028, and pheduction will decline
afterwards. However, there are opportunities to find more gas reserves to maintain peak
production beyond 2030. From 2020 to 2025, 60% of Tangguh LNG production will be
allocated for export, 35% for the domestic market, and the mdi% will be distributed to

the spot market as it is not covered by the LNG sales agreement with any buyer yet. From
2025 to 2033, the production of LNG Tangguh will be allocated for the domestic and export
markets equally, between 3.6 to 3.9 MTPA. Theilebe growing uncommitted LNG cargoes
from LNG Tangguh of 2,000 kilotons in 2025 to 4,100 kilotons in 2028. Those uncommitted
cargoes will most likely go to the domestic gas market in Western and Eastern Indonesia or
to export. To supply the demand ia&tern Indonesia, the potential volume available in LNG
Tangguh will be 1,750 kilotons in 2023; 1,800 kilotons in 2025, and 1,560 kilotons in 2030.

1.3. Donggi Senoro LNG

The Donggi Senoro LNG (DSLNG) Plant is located in BRegeacy in the Province of Central
Sulawesi and is situated about 45 km scatst of Luwuk, the main town of Banggai
Regency. DSLNG was a downstream LNG plant, owned by a company established in 2007,
with its shares owned by Pertamina Energy Service&t@t29%), PT Medco LNG Indonesia
(20%), and Mitsubishi Corporation (51%). The DSLNG plant processes gas sent by the Senoro
Toili Block at the rate of 250 MMSCFD, the Matindok Block at the rate of 85 MMSCFD, and
liquefies it at 2 MTPA LNG. As projecteas gesources from these two fields currently supply
DSLNG and will be continuously available up to 2030 or 2035. Basically, LNG produced by the
DSLNG plant is exported to Japan (1 MTPA for Jera and 0.3 MTPA for Kyusu Electric), and the
Republic of Korea (GAS 0.7 MTPA). However, DSLNG also sends LNG to the Arun
Regasification Unit and FSRU West Java due to declining export demand, or on cargo swap
mechanism with Bontang or Tangguh LNG plant.

1.4. Masela LNG

The Masela LNG plant will liquefy gas from the Alpadid that was found in 2002 and
confirmed by appraisal in 2013 and 2014. The Abadi Field Plan of Development was
submitted to the government by Inpex and Shell assuming LNG production will be 9 MTPA,
consisting of onshore LNG plant and offshore floatingdpction and storage offloading as
workplace for wells operation onshore. The plan of development was approved by the
government in 2019. The government of Maluku Province issued the permit for plant
construction in Nustual Island of the Tanimbar islan@Be expected final investment
decision will be made in 2020.

Masela LNG is starting to find buyers. A memorandum of understanding with PLN,
LYR2ySaAlQa aidlridsS St SOGNROAGE O2YLIl yes gl a
intention to utilise LK from Masela to fuel the power plant. Certainly, the Masela LNG plant
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needs more buyers to secure the project. Most likely, the government will allocate the LNG
from Masela for fulfil domestic and export demand.

There is strong indication that the futufeb D Y NJ SG A& FTNRY (G(KS 0dz2 SNAC
projects in Australia, Africa, and the Middle East will deliver LNG to the market, including the

Masela LNG plant, which is expected to be on stream in 2027. The projection of Indonesian

LNG supply was madeittv the assumption that expected or planned projects will be

successful in delivering the LNG as planned. However, in case of any disruption, Indonesia

could benefit from the international market by importing LNG to supply domestic demand,

especially for &stern Indonesia. As in the Arun LNG facility case, the government will most

likely convert the Bontang facility into LNG storages for imported LNG before LNG is

distributed to consumers.

2. Conclusion

If upstream gas projects will go atanned, Indonesia could provide LNG to the eastern
islands to replace oil consumption in power plants and industries in other regions of the
country. Success in finding new gas reserves through intensive exploration will prolong the
availability of gas ah LNG to secure the energy needed by the country. However, some
circumstances such as delay in project execution could lead to LNG deficit. In such a case,
Indonesia could rely on the international LNG market. The development of medindh
smallscale reeiving terminals is imperative in securing the supply.
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Chapter 6
Static Approach for Delivering LNG: Linear Programming

This chapter describes the optimal solutions for delivering LNG from its production sites to
its demand sites by applying the lineangramming (LP) model.

1. Prerequisites for Developing the LP Model
1.1. Assumptions
a. Target area

The target area is Eastern Indonesia (Figure 6.1). The map shows the LNG demand sites,
comprising names of cities and ports. Table 6.1 showslieeviations of both port names
of LNG production and demand sites. Hereinafter, we refer to the abbreviations.

Figure 6.1: Boundary of LNG Delivery Model

KALIMANTAN

Map data ©2020 Google Indonesia Terms  Send feedback 200 kmi—w

Source: Processing based on Google $13020.

b.  Delivery flow of LNG in this area

LNG for domestic use in this area will be delivered from four LNG productiowq Bitegang,

Donggi Senoro, Masela, and Tanggub LNG demand sites. At the LNG receiving sites, LNG
storages and its regasification units will be equipped. This studyespia two delivery
routes: (i) primary terminals (LNG production sites) to the receiving terminals directly and (ii)
via a secondary terminal (Figure 6.2). Basically, small and midsized LNG tankers will be
engaged to deliver LNG in this area.
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Figure 6.21.NG Delivery Flow

LNG Terminal Primary Terminal l
Secondary Terminal
Y ‘L
Pl f . . .
ace o . Receiving Terminals
Consumption
SourceAuthors

Table 6.1: LNG Production Sites and Demand Sites

Potential Location (Il\lo:e City Name Port Name Abbreviation
North Sulawesi 0 Manado Bitung MND
Center Sulawesi 1 Palu Pantolan PAL
South Sulawesi 2 Makassar Makassar MKS
Bali 3 Benoa Benoa BNO
Lombok, West Nusa Tengga 4 Lembar Lembar LMB
Sumbawa, West Nusa 5 Badas Badas BDS
Tenggara
Flores, East Nusa Tenggara 6 Labuan Bajo Labuan Bajo LBJ
Kupang, East Nusa Tenggar 7 Kupang Tensu KPG
Ambon,Maluku 8 Ambon Ambon AMB
Buru Island, Maluku 9 Namlea Namlea NLA
Halmahera (South), North 10 Weda Weda WED
Maluku
Ternate, North Maluku 11 Ternate Ternate TTE
Yapen Island, Papua 12 Serui Serui SRU
Biak, Papua 13 Biak Biak BIK
Manokwari, WesPapua 14 Manokwari Manokwari MNK
Sorong, West Papua 15 Sorong Sorong SON
Merauke, Papua 16 Merauke Merauke MRK
Jayapura, Papua 17 | Jayapura Jayapura JAP
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LNG Terminal Abbreviation
Bontang BON
DonggiSenoro LNG DSL
Masela MSL
Tangguh TGH

Source: Badan Standardisasi Nasional (2010).

C. Future LNG demand at 18 receiving sites

Chapter 4 forecasted LNG demand at 18 sites; the forecasted results are shown in Table 6.2.

38



Table 6.2: Forecasted LNG Demand at 18 Receiving Sites in 2030

2030 Gas Liquid
Own Own
Potential Location Demand | Use& | Use& | Production | Production | Capacity Ot Efficiency T— Consiar: ion Conls_lTrS ion
No Electricity | Losses | Losses | Electricity | from CCGT| of CCGT P CCGT R (/yearF)J (/yearr))
T&D T&D
. City Port . .
Location GWh GWh % GWh GWh GW ktoe % ktoe million m3 kiloton
Name Name
North
0 .| Manado | MND 6,719 993 12.9% 7,712 1,097 0.18 94 39% 242 269 192
Sulawesi
Center
1 . Palu PAL 14,892 2,200 12.9% 17,092 1,416 0.23 122 39% 312 346 247
Sulawesi
South
2 Sulawesi Makassar| MKS 16,799 2,482 12.9% 19,281 1,313 0.21 113 39% 290 321 230
3 Bali Benoa BNO 9,602 1,418 12.9% 11,020 2,968 0.48 255 39% 655 727 519
Lombok Lembar LMB 3,659 540 12.9% 4,199 2,599 0.42 224 39% 573 636 454
5 Sumbawa Badas BDS 1,560 230 12.9% 1,791 1,475 0.24 127 39% 325 361 258
Labuan
6 Flores Bajo LBJ 868 128 12.9% 996 597 0.10 51 39% 132 146 104
Kupang Kupang KPG 824 122 12.9% 946 565 0.09 49 39% 125 138 99
Ambon Ambon AMB 449 66 12.9% 516 516 0.08 44 39% 114 126 90
Buru Namlea NLA 375 55 12.9% 431 431 0.07 37 39% 95 105 75
10 H?é’;‘j;e)ra Weda | WED | 7,382 1,000 | 12.9% | 8472 2,597 0.42 223 39% 573 636 454
11 Ternate Ternate TTE 2,458 363 12.9% 2,821 2,541 0.41 218 39% 560 622 444
Yapen
12 Island Serui SRU 116 17 12.9% 134 134 0.02 11 39% 29 33 23
(Serui)
13 Biak Biak BIK 177 26 12.9% 203 203 0.03 18 39% 45 50 36
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14 | Manokwari Manr?kwa MNK 857 127 | 12.9% | 983 881 0.14 76 39% 194 216 154

15 Socri?y”g Sorong | SON | 1,232 182 | 129% | 1,414 1,414 | 023 122 39% 312 346 247

16 | Merauke | Merauke | MRK | 274 40 | 129% | 314 293 0.05 25 39% 65 72 51

17 Ja’éei‘t‘;“ra Jayapura| JAP 360 53 | 129% | 413 131 0.02 11 39% 29 32 23
SourceAuthors
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d.

Table 6.3 shows the distances between LNG production sites and demand sites, based on the
existing data an@uthorQ a

Distance from LNG production sites to demand sites (nautical miles)

Table 6.3: Distance lieeen

SAGAYIGAZ2YyE®

LNG Production and Demand Sites

Miles (NM)
Pt o 1 2 3 a0 s e 71 & 9 10 11 12/ 13 14 15 18 17
tion base MND PAL MKS BNO LMB BDS LBJ KPG AMB NLA WED TTE SRU BIK MNK SON MRK JAP
BON 402| 144 345 s78| 556 532 543 941 1002 971 890 753 1436 1,318 1,248 1126 2030 1,76l
DSL 363| 723 564 79| 774 667| 564/ 665 568 515 572 314 900 89 766 622 1,330 1,165
MSL 765 9&)' 695 873 868 767 621 420 350 389' 558 623 906' 876 772 456' 678 1,201
TGH 649| 1,030 945 1165 1,143 1,042 901 777\ 428 467 441 558 725 694 59l 383 760 992

Source: Authors

e.

Distance between LNG demand sites (nautical miles)

To apply the milkun method, distances between LNG demand sites were also prepared as

Table

6.4.
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Table 6.4Distance between LNG Demand Sites

Nautical miles (NM)

NolPort 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

MND | PAL | MKS | BNO | LMB | BDS| LBJ | KPG| AMB | NLA | WED| TTE | SRU| BIK | MNK | SON | MRK | JAP
0 [MND 791 649 532 1,143 1,114
1 |PAL 1,279 1,209 1,081 1,991 1,723
2 |MKS 1,647 1544 1,379 2,011 1,985
3 [BNO 1,414 1,817 1,109 1,624 2,331
4 |LMB 1,381 1,761 1,074 1,570 2,274
5 [BDS 1,219 1,159 979 1,531 1,245
6 |LBJ 1,090 1,029 843 1,401 1,116
7 [KPG 1,091 1,214 1,074 1,029 1,729
8 |AMB 659 637 285 713 971
9 [NLA 532 467 289 843 856
10 \WED 493 389 221 85 830
11 (TTE 5564 454 289 90§ 895
12 |SRU 114 189 397 1,169 349
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13 BIK 791 1279 1,641 1,414 1,381 1,219 1,090 1,091 655 533 493 558
14 MNK 649 1,209 1544 1817 1,76] 1,155 1,029 1,214 637 467 389 454
15SON 532 1,084 1,379 1,109 1,074 973 843 107§ 289 285 221 285
16 MRK 1,144 1,991 2,011 1,62 1570 1,531 1,401 1,029 713 843 856 908
17 AP 1,11 1,723 1,984 2,331 2,279 1,245 1,114 1,724 971 85 830 895
SourceAuthors
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f. Annual LNG delivery amounts for domestic uses at four sites (2030)

The maximum LNG delivery amounts domestic use in 2030 per each LNG production site
are forecasted in Chapter 5 (see Table 6.5 for the summary).

Table 6.5: Annual LNG Delivery Amounts for Domestic Use at Each LNG Production Site,

2030

LNG Terminal cas NG

Million CBM Kiloton
Bontang 576 265
Donggi Senoro LNG 1,087 500
Masela 10,327 4,750
Tanggu 3,391 1,560
Total 15,380 7,074

SourceAuthors

The LNG production amount of Bontang and Doiggignificant so far but LNG delivery
amounts for domestic use at Bontang and Donggi are not assumed significantly because
these LNG production sites cater to the export market. Therefore, the role of Masela and
Tangguh to deliver LNG to LNG demand sitekis area is crucial.

2. Formulas and Solutions of the LP Model

Figure 6.3 shows the formulation of the LP model for delivering LNG. Basically, the LP model
applies a hukand-spoke method, meaning, delivering LNG from the origin (LNG production
sites) to the destination (LNG demand sites) directly. The LP model seeks for an optimal
solution to minimise costs, represented as the summation of LNG delivery amount (i to j) x
distance (i to j), where i means origin and j means destination.
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Figure 63: LNG Delivery in the Linear Programming Model

Primary Terminal |Bontang | |Donggi SenoroLNG| |Mas§|a| Tangguh

7 _

Manado

Receiving
Terminals

J ayapura

I;alu Makassar Benca | =~ |Manckwari Sorong Merauke

SourceAuthors

The formulas of Figure 6.3 are shown below. There are only two constraints: LNG production
and LNG demand. These formulas are referred to as case 1.

OQBE & DD £ Q0 DHROHGEDI ¢ Q6 bR

OQBE & DODIOE T 0 aDHANRHIGDRQA OE QROQQ

0'AR T Q¢ QoG

Where,
Xij = Delivering LNG amount from production site | to demand site j (tonne)
Dij = Distance between production site | to demand site j (nautical mile)
2.1. Case 1 (No constraints case)
a. Input data

Supply constraints Ai is shown in Table 6.5 and demand constrains Bj in Table 6.2. The upper
limit Uij is assumed basically as same number of Bj.
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Table 6.6: Input Data of the Linear Programming Model

Production 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 | Supply

base MND | PAL | MKS | BNO | LMB | BDS| LBJ | KPG| AMB | NLA | WED| TTE | SRU| BIK | MNK | SON| MRK| JAP

BON 192 | 247| 230| 519| 454| 258 | 104 99 90 75| 454 | 444 23 36 154 | 247 51 23 265
DSL 192 | 247| 230| 519| 454| 258 | 104 99 90 75| 454 | 444 23 36 154 | 247 51 23 500
MSL 192 | 247 | 230| 519| 454| 258 | 104 99 90 75| 454 | 444 23 36 154 | 247 51 23 4,750
TGH 192 | 247 | 230| 519| 454| 258| 104 99 90 75| 454 | 444 23 36 154 | 247 51 23 1,560

Demand 192 | 247 | 230| 519| 454| 258| 104 99 90 75| 454 | 444 23 36 154 | 247 51 23| 7,074

Total | 3,701

SourceAuthors
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b.  LP solution (case 1)
Table 6.7 shows the solution of case 1 from the LP model and the following key findings:

- Bontang LNG production site will deliver LNG to BRatliMakassar of Sulawesi. On the
other hand, Donggi Senoro will deliver its LNG to Manado and Ternate of north Maluku
and Makassar.

- Masela will deliver its LNG to Makassar of South Sulawesi, Benoa, Lembar, Badas,
Labuan Bajo, Kupang, Ambon, Namlea ofeNtenggara islands, and Merauke of South
Papua.

- Tangguh will deliver its LNG to five cities in North Papua and Weda of North Maluku.
- Manado will receive LNG from Donggi Senoro and Palu supplied from Bontang.

- Only Makassar will receive LNG from three LN@lyction sites: Bontang, Donggi
Senoro, and Masela.
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Table 6.7Linear Programming Solution of Case 1

Production| © 1| 2| 3 4 | 5 | 6 | 7|8 | 9 |10 11| 12| 13 | 14 | 15 | 16 | 17 || Supply |Supply
base MHD | PAL | MKS ||[BHO | LMB | BDS | LBJ | KPG | AMB | HLA |WED | TTE | SBU | BIK | MNK | SON | MBK | JAP |[Solution | imput
BON 0 247 17 0 ] ] 0 0 o o o 0 0 ] ] 0 0 0 265 965
DSL 192 0 56 0 0 0 0 0 o o 0 444 0 ] ] 0 0 0 500 500
MSL 0 0 157 519 454| 258 104 il o0 75 ] 0 0 ] ] 0 51 0 1.808| 4730
TGH 0 0 0 0 0 0 0 0 o 0] 454 0 23 36| 1b4| 247 0 23 937 1.560
Demand 192 247 2301 519) 454 258 104 il o0 75 454 444 23 36| 1b4| 247 51 23| 2.088.36% 7,074
check 192 247 230 519 454 258 104 99 90 E 454 444 23 36 154 247 bl 23 3,701
SourceAuthors
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2.2. Case 2 to represent similar real operation of LNG delivery
a. Input data

Since the solution from the LP model (case 1) did not show the real operation of LNG delivery,
appropriate constraints were added to case 1 to represent similar real operation. The
constraints brought the following merits:

- Improved efficiency of LNG transport through the allocation of a group of neighbouring
cities to an LNG production site

- Fixed LNG supply amounts by each LNG production base

- Provided overall framework ofdynamic simulation model

As a result, the following constraints were added (refer to Table 6.8):

- Bontang will deliver its LNG only to Central Sulawesi (Palu).

- Donggi will cover Manado and South Sulawesi (Makassar).

- Masela will deliver LNG to Bali, Lomb8kmbawa, Flores, Kupang, Ambon, Buru, and
Ternate (eight demand sites).

- Tangguh will deliver its LNG to Halmahera, Yapen lIsland, Biak, Monokwari, Sorong,
Merauke, and Jayapura city (seven demand sites)

b. LP solution

Case 2 results (Table 6.9) suggistt the value of the objective function is 2,213,109
(tonne/km) and it increases by 6% from case 1. Consequently, the constraints do not affect
the objective function seriously and case 2 is still the second option of case 1 to represent a
more realistid_.NG delivery. Case 2 also suggests LNG delivery in the following three groups:
(i) BontangDonggi group, (ii) Masela group, and (iii) Tangguh group (Table 6.9).
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Table 6.8Constraints to LNG Delivery (Upper Limit: Uij), kiloton

Production 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 S
Base MND PAL MKS | BNO LMB BDS LBJ KPG | AMB NLA | WED TTE SRU BIK MNK SON | MRK JAP e
BON 192 247 0 0 0 0 0 99 90 75 454 | 444 23 36 154 | 247 51 23 265
DSL 192 247 230 0 0 0 0 99 90 75 454 0 23 36 154 247 51 23 500
MSL 192 247 0 519 | 454| 258 104 99 90 75 454 | 444 23 36 154 | 247 0 23| 4750
TGH 192 247 230 519 454 258 104 99 90 75 454 0 23 36 154 247 51 23 1560
Demand 192 247 230 519 | 454| 258 104 99 90 75 454 | 444 23 36 154 | 247 51 23| 4474
Total 3,701
SourceAuthors
Table 6.9Linear Programming Solution
Production | 0 1 2 3 4 5 6 7 8 9 10 11 12 | 13 | 14 15 16 17 Supply | Supply
Base MND | PAL | MKS | BNO | LMB | BDS | LBJ | KPG | AMB | NLA | WED| TTE | SRU| BIK [ MNK | SON | MRK | JAP | Solution | input
BON 0 247 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 247 265
DSL 192 0 230 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 421 500
MSL 0 0 0 519 454 258 104 99 90 75 0 444 0 0 0 0 0 0 2,044 4750
TGH 0 0 0 0 0 0 0 0 0 0 454 0 23 36 154 247 51 23 988 1560
Demand 192 | 247 | 230| 519| 454 | 258 | 104 99 90 75| 454 | 444 23 36 | 154 | 247 51 23 | 2213109| .,
Check 192 | 247 | 230| 519| 454 | 258 | 104 99 90 75| 454 | 444 23 36| 154 | 247 51 23 3,701
Note:
Bontang,Donggi Senoro group = [ ]
Masela group ]
Tangguh group : |:|

SourceAuthors
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Chapter 7
Dynamic Approach fdelivering LNG: Dynamic Simulation

1. Data Required for Simulation
1.1. Basic concept of the simulation model

The dynamic simulation (DS) model to simulate LNG delivery from LNG production sites to
demand sites was developed using the simul&® L ¢ b9 { { Q® ¢ KS Y2RSf FSI (dz

It simulates LNG delivery by the tankers dynamically.

It pages an LNG tanker when the LNG stock reaches a certain LNG amount in the

storage tank.

¢CKS YAYAYdzyY GAYS dzyAld F2NJ GKS aAydzZ I GA2y Aa
The simulation periods 1 year (365 days).

The major simulation parameters are as follows:

LNG tanker (type, storage capacity, speed, origin, and destination port)

LNG onshore storage (capacity, initial LNG storage level, criteria for calling tanker)
Water depth of each LN@ceiving port

Route (distance) is the same as the LP model

Location of LNG shipping terminal (origin)

Location of LNG receiving terminal (destination)

Delivery route from origin to destination

Capacity of LNG tanker (weight: tonne)

Time forloading/unloading, etc.

B 3 o o Do Do Do Do Do Do

2. LNG onshore storage capacity and LNG tanker size

o

LNG onshore storage capacity

A Initial LNG stock shall need more than 10 days of gas consumption for power
generation.

A The maximum storage capacity (days) shall be 1.5 times the nuofiloiays
needed for LNG delivery (round trip)

A The four kinds of storage and a secondary port storage are assumed for the DS
and the characteristics are summarised in Table 7.1.
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Table 7.1: Characteristics of LNG Onshore Storage

. Storage Weight CAPEX OPEX

Size MTPA (CBI\?) (kilotgcl)n) (million US$) |  (million US$ per year)
ss 0.06 5,000 2.30 75 1.88
S 0.7 02| 20,000 9.20 121 3.02
M 021 04| 30,000 13.80 139 3.49
L 0.41 50,000 23.00 177 443
Second 150,000 69.00 366 9.15
port
storage

Note: OPEX = CAPEX * 2.5%.
SourceAuthors

b. LNG tanker size

Four kinds of LNG tanker and the tanker to transport LNG from the primary port to the
secondary port (second port tanker) and their characteristics are listed in Table 7.2.

Table 7.2: Characteristics of LNG Tanker

Gross LNG LNG Water Average | Calculated OPEX
Storage | Storage Speed CAPEX -
Type | Tonnage . : Depth . o (Million
(ton) Capacity Welght (m) (kilo (Million US$lyear)
(CBM) | (kiloton) knot) Us$)
SS 7,403 5,000 2.3 5.28 9.7 36.9 2.4
S 16,336 18,000 8.3 6.05 10.0 48.7 4.2
M 22,887 27,500 12.7 8.8 13.2 52.5 4.8
L 27,546 35,000 16.1 10.08 13.4 54.8 5.1
Second
port 83,846 70,000 32.2 12.00 134 81.1 9.3
tanker
b2GSY ht9- A& OF f OdzZ I (i S RalcalationRAcladesifuel @@t onn RF&&T
SourceAuthors
1.3. Other necessary data

a.  Water depth per port

The water depth of each LNG receiving site (port) is shown in Table 7.3. The table also
indicates the available LNG tanker size, such as L size, at the ManadeceEN{®&g port.

Table 7.3: Water Depth at Each LNG Receiving Port

Unit: metre
0 1 2 3 4 5 6 7 8 9 10 11 | 12 | 13 14 15 | 16 | 17
‘ga“;: MND | PAL | MKS | BNO | LMB | BDS | LBJ | KPG | AMB | NLA | WED | TTE | SRU| BIK | MNK | SON | MRK | JAP
ep
12 12 9 9 7 7 10 | 17 26 8 12 | 10 9 12 15 7 9
VELLEy L L M L s s L L L s s L M M L L s M
Type
SourceAuthors
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b.  Time of loading and unloading of LNG
Unloading time: 12 hours, Loading time: 12 hours.
2. LNG Delivery Simulation by Each Group

For LNGilelivery, the following three cases are simulated per each group (Bogifamgagi,
Masela, and Tangguh).

Case 1: Apply the hub & spoke method
Assign an LNG tanker to each route from an LNG origin as a hub to all LNG destina
Case 2: Apply sharing LN&ker method

Apply the hub & spoke method but assign an LNG tanker to many routes from an LI
origin to plural LNG destinations.

Case 3: Apply the mitkun method
This method delivers LNG to several destinations from an LNG origiayigation. The
destinations should be close each other.

2.1. Bontang;Donggi group

Figure 7.1 shows the image of LNG deliveries in the BogEamggi group. Bontang ships
LNG to Palu and Donggi ships LNG to Manado and Makassar.

Figure 7.1image of theSimulation on PC screen (Bontatigonggi Group)

SourceAuthors
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Conditions of LNG shipping and receiving ports, LNG onshore storages, and LNG tankers

Water depth, annual LNG consumption, LNG onshore storage capacity, and type of LNG
tanker to be initially assigned are summarised in Table 7.4. The number of LNG tankers and
their sizes are shown in Table 7.5.

Table 7.4: Input Conditions for Simulation

Onshore Storage Tanker Sstorage
. Port Annual
roduction N Port Wat c ti . . Water . .
Base O | abbreviation ater LT gl Capacity Welght Depth | Type Capacity Welght
Depth (kiloton) Type | (CBM) | (kiloton) . (CBM) (kiloton)
BON 1 PAL 9 247 M 30,000 13.80 6.05 S 18,000 8.28
- 0 MND 12 192 M 30,000 13.80 6.05 S 18,000 8.28
2 MND 12 230 M 30,000 13.80 6.05 S 18,000 8.28
CBM = cubic metre, m = metre.
SourceAuthors
Table7.5: Number and Size of Tankers (Case8)1
BONDSL
1.PAL 0.MND | 2.MKS
Case 1 S S S
Case 2 S S
Case 3 M
SourceAuthors

a. Case 1: Hub & spoke method
1) Image of tanker operation

Figure 2.7 shows a conceptual picture of LNG delivery from Bontang to Palu and
DongggSenoro to Manado and Makassar.

Figure 7.2: LNG Delivery from Terminal, B€DN6L, Hub & Spoke Method (Case 1)

BON¢DSL Case 1 Hub & spoke
One-way trip  (Unit: miles)
0.MND
1.PAL
259
144
BON DSL
564
2.MKS
Total round trip 1,934 miles

SourceAuthors
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2)  Operational status of storage

The simulation results of case 1 show several useful information of LNG onshore
storages at three LNG receiving ports (Table 7.6) such as:

- No shortage has happened at the three receiving ports.

- In terms of the storage capacity at the three ports, 30,000 CBppsopriate
per the simulation results of three indicators, which are maximum, minimum,
and average levels of storage.

Figure 7.3 also shows the storage level of the three LNG receiving ports. It indicates
that the capacity of the storage will be oversized if contingency is ignored. Table 7.6
shows that the contingency level will be 15%. Theoretically, we can reducegheitya

of the storages to around 22,000 CBM but in case of emergencies, such as accidents
and natural disasters, black out will occur due to LNG shortage. Thus, 30,000 CBM will
be appropriate including contingency.

Table 7.6: Operational Status of LNGnshore Storage, BGJDSL (Case 1)

Operational Status of Storage 1.PAL | O.MND | 2.MKS | Total

Storage size M M M

Storage capacity (CBM) 30,000| 30,000| 30,000

Storage capacity (kiloton) 13.8 13.8 13.8 41.4
Initial value of storagékilotons) 6.9 6.9 6.9 20.7
Unloading weight (kiloton/year) 248.4 190.4 231.8 670.7

Tanker unloading volumes (kiloton/time) 8.28 8.28 8.28

Level of calling a tanker (kiloton) 3.45 3.45 3.45

Number of unloading (times) 30 23 28

Maximum level of storage (kiloton) 11.73 11.73 11.73

Minimum level of storage (kiloton) 1.42 1.33 0.96

Average level of storage (kiloton) 9.66 9.6 9.15

Maximum level/Storage capacity 0.85 0.85 0.85
Stock at end operiod (kiloton) 7.1 3.89 8.79 19.8
Total supply (kiloton) 248.2| 1935| 230.0| 6716
Annual consumption kiloton 247.5 191.8 229.6 668.9
Comparison  / 1.00 1.01 1.00 1.00

SourceAuthors

3)  Operational status of LNG tankers

Figure 7.4 shows the operation of LNG tankers. This diagram covers the simulation
results for 100 days of three tankers engaged to deliver LNG to three LNG demand
sites. Due to different LNG consumption amounts in each destination, the number of
LNG delivey to Makassar is seven times, six times for Manado, and eight times for
Palu.
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Figure 7.3Storage Level of Each Port, BEDSL (Case 1)
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Figure 7.4Diagram of Tanker Operations, BQNSL (Case 1)
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4)

Key findings

Table 7.7 shows the operational status of an LNG tanker per each route. The table also
includes total annual data of waiting time (idling time), loading time, transporting time,
unloading time, operating time, total time, operating rate, and the numbdpatling

and unloading times. The operating rate of each tanker is quite low (43%)
especially the LNG tanker navigating between Bontang and Palu. This result shows the
possibility of reducing the number of ships.
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Table 7.70perationd Status of LNG Tankers, BEDSL, Hub & Spoke (Case 1)

Waltmg Loading | Transport| Unloading | Operating| Total NS |- ey
Home Port L Tanker Time for . . . . . Rate of of of
. Destination . Time Time Time Time Time . . .
Terminal Number | Shipment (hour) (hour) (hour) (hour) (hour) Operation | Loading | Unloading
(hour) (times) (times)
BON 1.PAL 1 7,068 360 894 360 1,614 8,682 19% 30 30
0.MND 2 6,287 276 1,695 276 2,247 8,534 26% 23 23
DSL
2.MKS 3 4,951 336 3,077 336 3,749 8,700 43% 28 28
Total 18,306 972 5,666 972 7,610 25,916 29% 81 81
SourceAuthors
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Figure 7.50peration Rate of Each LNG Tanker, ROSL(Case )
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In addition, the operation cost of an LNG tanker per each route is estimated based on

cruising distances, unloading volumes, and assumed unit of OPEX, which is fixed
operating expense referring to Japanese statistics. The operation cost of a route

between Donggi and Makassar is highest due to longer distance and remarkable

unloading amount of LNG.

Table 7.8: Operation Cost of LNG Tankers, BOSL, Hub & Spoke (Case 1)

Tanker OPEX
hi
. Tonne o S |p_
Cruise . . Unit Price | Operating
Home . Unloading | Miles
L Tanker | Distance ) (US$1,000 Costs
Port Destination . Weight (1,000 .
. Size (round- . tonne (million
Terminal N (kiloton) | tonne .
trip miles) . miles) Uss$/
miles)
year)
BON 1.PAL S 8,640 248 | 35,770 5.9 0.21
DSL 0.MND S 11,914 190 | 49,324 5.9 0.29
2 MKS S 31,584 232 | 130,758 5.9 0.77
Total 52,138 671 | 215,851 1.27
SourceAuthors
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b.  Case 2: Sharing LNG tanker method
1)  Operation of two LNG tankers

Table 7.5 shows the number and size of LNG tankers. Case 2 assumes one tanker
operation from Donggi to Manado and Makassar. The image is shown in Figure 7.6.

Figure 7.6: LNG Delivery from LNG Terminals, BD®BL, Hub & Spoke Method (Case 2)

BON&DSL Case 2 Hub & spoke
(Shared use of tankers)
One-way trip (Unit: miles)
0.MND
1.PAL
259
144
BON DSL ship 1
564
2.MKS
Total round trip 1,934 miles

SourceAuthors

2)  Operational status of LNG storages

The simulation results of case 2 are shown in Tablelal8le 7.9 and Figure 7.7 suggest
the following:

- The maximum storage level at Manado and Makassar increases to 13.03 kilotons
and 12.62kilotons, respectively, from case 1 and they are close to their
capacities (13.8). But the storage capacity of 30,000 CBM is still feasible.

- The initial volume of LNG onshore storages at Manado and Makassar must
increase from 6.9 kilotons to 9.2 kilotors &void fuel shortage resulting from a
longer delivery time of LNG than case 1.

- The storage level to page an LNG tanker increases from 3.45 kilotons to 6.9
kilotons due to longer delivery time of LNG.

- The minimum storage level at Makassar is lower than,P2a0 kilotons and 2.82
kilotons, respectively, depending on the distance from the LNG origin. Donggi
and Makassar are 564 miles apart, much farther than Donggi and Manado at
259 miles. (Figure 7.6).
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Table 7.9 Operational Status of Onshore Storage, BASL (Case 2)

Operational status of storage 1.PAL | O.MND | 2.MKS Total

Storage size M M M

Storage capacity (fn 30,000 30,000| 30,000

Storage capacity (kiloton) 13.8 13.8 13.8 41.4
Initial value of storage (kilo tons) 6.9 9.2 9.2 25.3
Unloading weight (kiloton/year) 248.4 190.4 231.8 670.7

Tanker unloading volumes (kiloton/time) 8.28 8.28 8.28

Level of calling a tanker (kiloton) 3.45 6.9 6.9

Number of unloading (times) 30 23 28

Maximum level oktorage (kiloton) 9.66 13.03 12.62

Minimum level of storage (kiloton) 1.42 2.82 2.0

Average level of storage (kiloton) 55 8.4 8.2

Maximum level / Storage capacity 0.70 0.94 0.91
Stock at end of period (kiloton) 7.1 6.19 11.09 24.4
Total supply (kiloton) 248.2 1935 230.0 671.6
Annual consumption kilo ton 247.5 191.8 229.6 668.9
Comparison / 1.00 1.01 1.00 1.00

SourceAuthors

3)  Operational status of tankers

Figure 7.8 shows the operation of two LNG tankers: one between BogRahg and

other, between DonggiSenoro and Manado and Makassar. The orange line is a
diagram to monitor the LNG delivery of an LNG tanker (ship 2) to Manado and
Makassar from Donggbsenoro. The number of deliveries to Makassar in the first 100
days is eight times and its increase 1 time from 7 times of Case 1. Since one LNG tanker
covers two ports; Manado and Makassay which consume LNG at a different pace,

the delivery timing to Ma&ssar may be faster than case 1. But in case of a whole year,
the number of deliveries to Makassar is 28 and it is the same as case 1.
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Figure 7.7: Storage Level of Each Port, BOSL (Case 2)
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4)  Key findings

The operation rate of an LNG tanker to deliver LNG to the Manado and Makassar route
has risen up to 70% due to the reduced number of ships from two to one.

Table 7.10Results of Tanker Operations, BQNSL (Case 2)

Waiting Number Number
Home . time for | Loading | Transpo | Unloadi | Operati Total Rate of of
Destinat | Tanker . . . . - . . of .
port . shipmen time rt time ng time | ngtime time operatio . unloadi
. ion number loading
terminal t (hour) (hour) (hour) (hour) (hour) n . ng
(times) .
(hour) (times)
BON 1.PAL 1 7,068 360 894 360 1,614 8,682 19% 30 30
DSL O.MND 2 2,660 612 4,883 612 6,107 8,767 70% 51 51
2.MKS
Total 9,727 972 5,777 972 7,721 17,449 44% 81 81
SourceAuthors
Figure 7.9Rate of Operation of LNG Tankers, BEI6L (Case 2)
/ N
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SourceAuthors

Thus, the operation costs of the LNG tanker at Donggi highly increase to US$1.06
million. Since the distance and unloading amount are the same as case 1, the total
operation cost is also the same as case 1. But case 2 can surely reduce the atimber
LNG tankers to one and the CAPEX of the tanker will not be needed.

The operation cost of the LNG tanker at Donggi is the same as case 1 (US$1.06 million)
because the cruising distance and unloading amount are the same as case 1. But case
2 can surelyeduce the number of LNG tankers from two to one, so that the CAPEX of
the tanker will largely go down.
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Table 7.11: Cruising Distance and OPEX of Tankers¢BON(Case 2)

Tanker OPEX
Cruise Ton N Ship
. . . Unit price 5
Home distance | Unloading miles operating
o Tanker . (US$/1,000
port Destination . (round- weight (2,000 costs
. Size . . tonne -
terminal trip (kiloton) tonne . (Million US$/
. . miles)
miles) miles) year)
BON 1.PAL S 8,640 248 35,770 5.9 0.21
0.MND
DSL 2 MKS S 43,498 422 | 180,082 5.9 1.06
Total 52,138 671 | 215,851 1.27
SourceAuthors

C. Case 3: Milkun method

Case 3 applies the mitkin method; one LNG tanker moves from two LNG origins to

three LNG destinations

1) Image of an LNG tanker operation
The milkrun method operates an LNG tanker from Donggi Seqidanadag
MakassatBontang;PaligDonggi Senoro (Figure 7.10). The cruising distance of
case 1 is 1,934 miles. On the other hand, the distance of case 3 is 2,185 miles
(refer to Table 7.12). But thmerit of the milkrun method is that it reduces the
number of LNG tankers from two to one.
Figure 7.10: LNG Delivery, BEDSL, MilkRun Method (Case 3)
BONOG DS Case 3 Milkrun
Round trip (Unit: miles)
0.MND
1.PAL
144 259
723
BON DSL
345 714
—— ‘N
Total round trip 2,185 miles
SourceAuthors
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Table 7.12Comparison of Hub & Spoke and MiRkun Distance

Coroup | CyName | ool | | DomBonGrou | oo
DSL 0.MND 518 DSL | DSL MND 259
DSL 2.MKS 1128 DSb MND 714
BON 1.PAL 288 MKS BON 345
Total 1,934 BON | BON PAL 144
PAL DSL 723
Total 2,185
SourceAuthors

2)

Operational status of LNG storage

The simulation results of the LNG onshore storage of each port are shown in Table
7.13. One LNG tankeperation using the milkun method is still feasible because
there is no shortage of LNG as a power generation fuel. Table 7.13 suggests the

following:

- The initial volume of the storages must increase from 6.9 kilotons to 9.2 kilotons

and it is 4/3 time®f case 1.

- The number of unloading times is also the same amongst the three ports

because one LNG tanker uses the milk method.

- The minimum level of storage at Manado is too high (5.32 kilotons) compared
to other ports (1.04 and 2.69 kilotons, respectively). The reason is the
application of the millkkun method. The LNG tanker arrives in Manado first and

then in Makassar and Palu.

Figure 7.11 shows the stock level of LNG storage at the three ports. The diagram

suggests the following:

- The capacity of LNG onshore storage at Manado can be reduced around half of
the assumption of LNG onshore storage. In addition, the capacity at otines, p

Palu and Makassar, can be cut by around €9%o0 of the assumption.
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Table 7.130perational Status of LNG Onshore Storage, ROSL (Case 3)

Operational Status of Storage 1.PAL | O.MND | 2.MKS | Total

Storage size M M M

Storage capacity (CBM) 30,000 30,000 30,000

Storage capacity (kiloton) 13.8 13.8 13.8 41.4
Initial value of storage (kilotons) 9.2 9.2 9.2 27.6
Unloading weight (kiloton/year) 248.4 184.7 231.8 664.9

Tanker unloading volumes (kiloton/time) 8.28 8.28 8.28

Level of calling a tanker (kiloton) 6.9 6.9 6.9

Number of unloading (times) 33 33 33 99

Maximum level of storage (kiloton) 10.54 11.08 9.53

Minimum level of storage (kiloton) 1.04 5.32 2.69

Average level of storage (kiloton) 5.9 8.2 6.1

Maximum level/Storage capacity 0.76 0.80 0.69
Stock at end of period (kiloton) 8.5 6.49 5.96 21.0
Total supply (kiloton) 249.1 187.4 235.1 671.6
Annual consumption kiloton 247.5 191.8 229.6 668.9
Comparison  / 1.01 0.98 1.02 1.00

SourceAuthors

3)

Operating status of tanker

Figure 7.12 is a diagram of case 3. It shows one LNG tanker picking up LNG at two LNG
origins (Donggi and Bontangnd transporting it to three LNG destinations (Manado,
Makassar, and Palu), ensuring that no LNG shortage happens in 365 days. Table 7.14
shows that the operation rate of the LNG tanker is 88% and its idling time is 12%. Case
3 is a feasible solution, dronly one tanker is enough to deliver LNG from the origins

to the destinations. One concern is how to assess 12% as contingency. Expert views

are needed to assess the contingency rate.
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Figure 7.11Storage Level of Onshore Storage. BEM$L (Case 3)
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Figure 7.12: Diagram of Tanker Operations, BODISL (Case 3)
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4) Key findings

The operating rate of the LNG tanker to cover the three destinations rises to around
90%. Case 3 is an economically feasible solution if around 10% as contingency rate would
be acceptable (Table 7.14).

Table 7.14Results of Tanker OperationBON;DSL, MilkRun Method (Case 3)

Home - Tanker :::/na;tifr;? anding Tra_nsport Unlpading Opgrating Total Rate of Nuglfber Nug}ber
port Destination . time time time time time ) ; )
e number | shipment (hour) (hour) (hour) (hour) (hour) operation Iogdlng unl_oadmg
(hour) (times) (times)
ggh %I\I\AF/IE% 1 1,007 792 5,750 1,188 7,730 | 8,737 88% 66 99
SourceAuthors
Figure 7.13Rate of Tanker Operations, BQNSL (Case 3)
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SourceAuthors

The operation cost of case 3 is muagher than cases 1 and 2 due to longer cruising
distance, defined as 72,10552,138 = 19,967 miles. Distances between Mak&ssar
Bontang and Patbonggi are newly added. Distance between Marg@dakassar is
much farther than DonggMakassar. However, caseu3es only one mediursized
LNG tanker in this group.
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Table 7.15: Tanker Cruising Distance and OPEX¢BSN, MilkRun Method (Case 3)

Tanker OPEX
Cruise Ton L Ship
Home distance | Unloading| miles unit price operating
L Tanker . (US$/1,000
port Destination ; (round- weight (1,000 costs
. Size . . tonne -
terminal trip (kiloton) tonne . (Million
. . miles)
miles) miles) US$/ year)
DSL 0.MND
BON 2.MKS M 72,105 665 | 305,630 5.9 1.80
1.PAL
SourceAuthors

2.2. Masela Group

The Maselayroup consists of one LNG origin (Masela LNG) and eight LNG destinations such
as Bali, Lombok, and Ambon. The distances from Masela to the eight LNG destinations are

much farther than the Bontargponggi group (Figure 7.14).

Figure 7.14: Image of the Sinatlon on PC Screen (Masela Group)

MSL CASE 1

SourceAuthors

Conditions of LNG shipping and receiving ports, LNG onshore storages, and LNG tankers

Table 7.16 shows the water depth, annual LNG consumption, capacity of LNG onshore
storage of each LNG receiving terminal, and size of LNG tanker to be initially assigned to each

delivery route.
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Table 7.16: Input Conditions fdsimulation

Onshore storage

Tanker storage

. Port Annual
AT UEL e No Port water consumption i i Water i i
SeEE : sl . Type Capacity Weight depth Type Capacity Welght
depth (kiloton (m?) (kiloton) m (md) (kiloton)
MSL 3 BNO 9 519 L 50,000 23.00 10.08 L 35,000 16.10
4 LMB 7 454 L 50,000 23.00 8.8 M 27,500 12.65
5 BDS 7 258 M 30,000 13.80 6.05 S 18,000 8.28
6 LBJ 10 104 S 20,000 9.20 6.05 S 18,000 8.28
7 KPG 17 99 S 20,000 9.20 6.05 S 18,000 8.28
8 AMB 26 90 S 20,000 9.20 5.28 SS 5,000 2.30
9 NLA 8 75 S 20,000 9.20 5.28 SS 5,000 2.30
11 TTE 12 444 L 50,000 23.00 8.8 M 27,500 12.65

SourceAuthors




Number and size of LNG tankers

Case 1 assumes that eight LNG tankers are assigned to eight LNG delivery routes; therefore,
eight LNG tankers are needed. Case 2 applies an LNG tanker sharing method where one LNG
tanker covers two destinations: Maselaabuan Bajo/Kupang and Masefanbon/Namlea.

Case 3 is more ambitious as one LNG tanker covers three destinations applying thexmilk
method: one is Masel@Badas/Labuan Bajo/Kupang and other is Masela
Ambon/Namlea/Ternate. Table 7.17 summarises the number and size of LNG tankers in each
case

Table 7.17Number and Size of Tankers in Each Case

MSL
3.BNO| 4.LMB| 5.BDS| 6.LBJ| 7.KPG| 8.AMB | 9.NLA | 11.TTE
Casel L M S S S SS SS M
Case?2| L M S S SS M
Case 3 L M M M
SourceAuthors

a. Case 1: hub & spoke method

2) Image of LNGanker operation
Case 1 allocates eight LNG tankers to deliver LNG to eight destinations from Masela.
Figure 7.15 shows the LNG delivery of case 1 from Masela.
Figure 7.15LNG Delivery, MSL, Hub & Spoke Method (Case 1)
MSL Casel Hub and spoke
one way trip (unit'miles)
3.AMB 9 NLA 11.TTE
3BNO 4LMB 5.BDS 6.LBJ 7KPG 350 || 380 623
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Total round trip 9822 miles
SourceAuthors
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3)

4)

Operational status of storage

Table 7.17 shows the simulation results of LNG onshore storage at eight receiving
ports. This table indicates the following:

- The initial volume of each LNG onshore storage is assumed to be half of its
capacity, but no shortageas happened at the eight receiving ports.

- The LNG storage capacity at Labuan Bajo and Kupang, which is 20,000 CBM, is
appropriate due to the simulation results of three indicators: maximum,
minimum, and average level of LNG storage.

- On the other hand, e LNG storage capacity of Ambon and Namlea, which is
also 20,000 CBM, is oversized because it is less than 50% of the ratio defined as
the maximum storage level per storage capacity due to the small LNG demand.

Figure 7.16 shows the LNG storage level of the eight LNG receiving ports. Based on
Figure 7.16 and Table 7.18, the LNG storage capacity of Ambon and Namlea can be
reduced largely. However, the LNG storage capacity of Benoa, Lembar, Badas, and
Ternate seem#o be a bit oversized.

Operational status of tankers

Figure 7.17 clearly shows that the operation of eight LNG tankers in case 1 is feasible.
Several LNG tankers also show remarkable idling time due to many LNG tankers. Table
7.19 and Figure 7.18 showeloperation status of an LNG tanker per each route. The
operation rate of LNG tankers on the four routes of Labuan Bajo, Kupang, Ambon, and
Namlea is less than 50%. This result suggests that the number of LNG tankers can be
reduced.
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Tabke 7.18: Operational Status of Onshore Storage, MSL (Case 1)

Operational Status of Storage 3.BNO| 4.LMB | 5.BDS| 6.LBJ | 7.KPG| 8.AMB | 9.NLA | 11.TTE| Total

Storage size L L M S S S S L

Storage capacity (CBM) 50,000/ 50,000, 30,000| 20,000| 20,000| 20,000| 20,000| 50,000

Storage capacity (kiloton) 23.0 23.0 13.8 9.2 9.2 9.2 9.2 23.0| 119.6
Initial value of storage (kilotons) 115 115 6.9 4.6 4.6 4.6 4.6 115 59.8
Unloading weight (kiloton/year) 515.2| 442.8| 256.7| 105.5| 101.8 89.7 75.9| 442.8| 2030.3

Tanker unloading volumes (kiloton/time) 16.1 12.7 8.3 8.3 8.3 2.3 2.3 12.7

Level of calling a tanker (kiloton) 7.67 7.67 4.60 3.07 2.30 3.07 3.07 7.67

Number of unloading (times) 32 35 31 14 13 39 33 35 232

Maximum level of storagékiloton) 16.44| 14.05 9.26 8.91 8.93 4.35 452| 15.43

Minimum level of storage (kiloton) 0.62 1.58 1.12 1.66 1.36 2.1 2.23 2.84

Average level of storage (kiloton) 8.5 7.8 5.2 5.3 5.1 3.2 3.4 9.1

Maximum level/Storage capacity 0.71 0.61 0.67 0.97 0.97 0.47 0.49 0.67
Stock at end of period (kiloton) 8.4 1.65 6.73 4.85 3.26 4.58 5.38 8.95 43.8
Total supply (kiloton) 518.3| 452.6| 256.9| 105.3| 103.1 89.7 75.1| 445.3| 2,046.3
Annual consumption (kiloton 518.9| 454.4| 257.9| 1044 98.8 90.1 75.3| 444.2| 2,044.1
Comparison / 1.00 1.00 1.00 1.01 1.04 1.00 1.00 1.00 1.00

SourceAuthors
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Figure 7.16: Storage Level of Onshore Storage, MSL (Case 1)
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5)  Amount of statistics

Table 7.19Results of Tanker Operations, M3tlub & Spoke Method (Case 1)

Home Waltlng Loading | Transport | Unloading| Operating| Total MUlie? |- inlosr
o Tanker | Time for . . . : ) Rate of of of
Port Destination . Time Time Time Time Time . . .
Terminal Number | Shipment (hour) (hour) (hour) (hour) (hour) Operation | Loading | Unloading
(hour) (times) (times)
3.BNO 1 3,719 384 4,201 384 4,969 8,687 57% 32 32
4.LMB 2 3,091 420 4,638 420 5,478 8,569 64% 35 35
5.BDS 3 3,147 372 4,795 372 5,539 8,686 64% 31 31
MSL 6.LBJ 4 6,325 168 1,756 168 2,092 8,417 25% 14 14
7.KPG 5 7,270 156 1,107 156 1,419 8,689 16% 13 13
8.AMB 6 4,852 468 2,866 468 3,802 8,654 44% 39 39
9.NLA 7 5,220 396 2,698 396 3,490 8,709 40% 33 33
11.TTE 8 4,493 420 3,343 420 4,183 8,675 48% 35 35
Total 38,116 2,784 25,403 2,784 30,971 69,087 232 232

SourceAuthors
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Figure 7.18Rate of Tanker Operations, M$Case 1
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In addition, the operating cost of an LNG tanker per each route is estimated based on
cruising distances, unloading volumes, and assumed unit of OPEX. The operation costs
of two routes, which are Benoa (Bali) and Lembar (Lomlaok)highest based on the

long distance from Masala and the high LNG demand due to popular tourist places. On
the other hand, the operation costs of Labuan Bajo, Kupang, Ambon, and Namlea are
too low due to the shorter distance and smaller LNG demand.

Table 7.20: Cruising Distance and OPEX of Tanker, MSL, Hub & Spoke (Case 1)

Tanker OPEX

Home . Tanker Dci:srt:liige Unlogding -Kjlji?ense (tJJrS";fg((:)?) Opi?elxrt)ing
Port Destination . . Weight (12,000 ' Costs
Terminal Size (ro:]ﬁg-st)r P (kiloton) tonne mg:) (million

miles) US$/year)

3.BNO L 55,872 515| 449,770 5.9 2.65

4.LMB M 60,760 443 | 384,307 5.9 2.27

5.BDS S 47,554 257 196,874 5.9 1.16

MSL 6.LBJ S 17,388 106 65,528 5.9 0.39

7.KPG S 10,920 102 42,756 5.9 0.25

8.AMB SS 27,300 90 31,395 5.9 0.19

9.NLA SS 25,674 76 29,525 5.9 0.17

11.TTE M 43,610 443 275,833 5.9 1.63

Total 289,078 2,030 1,475,988 8.71

SourceAuthors
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b. Case 2: LNG tanker sharing method (partly executed)

Table 7.17 shows the number and size of LNG tankers in case 2. Per Table 7.19 of case 1, the
operation rate of LNG tankers assigned to Labuan Bajo and Kupang, which are adjacent to
each other, is less than 30%. The operating rate of LNG tankers at Antbdlaarea, which

are also close to each other, is less than 50%. Therefore, case 2 was conducted to assess the
possibility of reducing the LNG tankers from two to one to cover the four destinations:
Labuan Bajo, Kupang, Ambon, and Namlea.

1) Image of tankeroperation

Case 2 allocates six LNG tankers to deliver LNG from Masala to eight destination ports
(Figure 7.19).

Figure 7.19Delivery from LNG Terminal, MSL, Hub & Spoke Method (Case 2)

MSL Case 2 Hub & spoke (Shared use of tankers)
One-way trip (Unit: miles)

8.AMB 9.NLA 11.TTE

3.BNO 4.LMB 5.BDS 6.LBJ 7.KPG 350 623

420 389
868 767 621
873

ship 8

MSL

Total round trip 9,822 miles

SourceAuthors

2) Operational status of storage

Table 7.21 andrigure 7.20 show the simulation results of LNG onshore storages at
each port. The table and figure suggest the following:

- Due to the application of the hub & spoke method to one LNG tanker to Labuan
Bajo & Kupang and Ambon & Namlea, the initial volumaf LNG onshore
storages at Labuan Bajo & Kupang and Ambon & Namlea is on two thirds of its
capacity. However, no shortage has happened at the four receiving ports.

- The LNG storage capacity at the four ports where the hub & spoke method was
applied to oneLNG tanker is appropriate due to the simulation results of three
indicators, which are maximum, minimum, and average levels of storage.
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Table 7.21: Operational Status of Onshore Storage, MSL (Case 2)

Clpeteiiolic] 3.BNO| 4.LMB | 5.BDS| 6.LBJ| 7.KPG| 8.AMB | 9.NLA | 11.TTE| Total
Status of storage

Storage size L L M S S S S L

?é%ﬁ;’e capacity| 54 000 | 50,000 30,000| 20,000| 20,000| 20,000| 20,000 50,000
Storage capacity| 5 | 534 138 9.2 9.2 9.2 92| 230| 1196
(kiloton)

Initial value of

. 115 115 9.2 6.1 4.6 6.1 6.1 11.5 66.7
storage(kilotons)

Unloading
weight 515.2| 442.8| 253.7| 105.5| 101.8 89.7 75.9| 442.8| 2027.3
(kiloton/year)

Tanker unloading
volumes 16.1 12.7 8.3 8.3 8.3 2.3 2.3 12.7
(kiloton/time)

Level of calling a

tanker (kiloton) 7.67 7.67 6.90 4.60 2.30 4.60 4.60 7.67

Number of

. . 32 35 32 14 13 39 33 35 233
unloading (times)

Maximum level
of storage 16.44| 14.05| 11.55 8.91 8.93 5.88 6.05| 15.43
(kiloton)

Minimum level
of storage 0.62 1.58 1.78 1.78 1.36 2.88 2.99 2.84
(kiloton)

Average level of

: 8.5 7.8 6.7 5.6 5.1 4.6 4.7 9.1
storage (kiloton)

Maximum
level/Storage 0.71 0.61 0.84 0.97 0.97 0.64 0.66 0.67
capacity

Stock at end
of period 8.4 1.65 6.73 4.85 3.26 4.58 5.38 8.95 43.8
(kiloton)

Total supply
(kiloton) 518.3| 452.6| 256.2| 106.8| 103.1 91.3 76.7| 445.3]| 2,050.2

Annual
consumption 518.9( 454.4| 257.9| 104.4 98.8 90.1 75.3| 444.2] 2,044.1
(kiloton)

Comparison

/ 1.00 1.00 0.99 1.02 1.04 1.01 1.02 1.00 1.00

SourceAuthors

3)  Operational status of tankers

LNG tanker 4 (ship 4) transports LNG to Labuan Bajo & Kupang and LNG tanker 6 (ship
6) delivers LNG to Ambon & Namlea (Figure 7.21) . Due to different LNG demand of
the four destinations, the frequency of LNG delivery of ghighigher than ship 6. The
operating rate of an LNG tanker for Ambon and Namlea exceeds 80%; however, for
Labuan Bajo and Kupang, it is still below 50%.
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Table 7.22Results of Tanker Operation, MSL (Case 2)

Waitin . . : Number| Number
Home _ g Loading | Transport | Unloading | Operating| Total
. Tanker | Time for . . . . . Rate of of of
Port Destinaion . Time Time Time Time Time . . .
Terminal Number | Shipment e e e (houn) (houn) Operation | Loading| Unloading
(hour) (times) (times)
3.BNO 1 3,719 384 4,201 384 4,969| 8,687 57% 32 32
4.LMB 2 3,091 420 4,638 420 5,478| 8,569 64% 35 35
5.BDS 3,152 372 4,791 372 5,635| 8,686 64% 31 31
6.LBJ
MSL 7 KPG 4 4,469 360 3,277 360 3,997 | 8,466 47% 30 30
8.AMB
6 1,491 864 5,540 864 7,268| 8,759 83% 72 72
9.NLA
11.TTE 8 4,495 420 3,340 420 4,180| 8,675 48% 35 35
Total 20,416 2,820 25,786 2,820 31,426| 51,842 235 235

SourceAuthors
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Figure 7.20: LNG Storage Level of Onshore Storage, MSL (Case 2)
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Figure 7.21: Diagram of LNG Tanker Operations, MSK (Case 2)
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4)  Other information
Figure 7.22: Rate of Tanker Operations, MSlase ?
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The total operation cost of case 2 is a little bit higher than case 1 because only one LNG
tanker delivers LNG to Labuan Bajo and Namlea. The number of unloading in Labuan
Bajo and Namlea in case 1 is 14 + 13 = 27. On the other hand, the number of uploadin
in case 2 is 30 (Tables 7.19 and 7.22). Therefore, the cruising distance x LNG delivery
volume of case 2 is bigger than case 1. This is why the operating cost of case 2 is higher
than case 1. But the number of LNG tankers of case 2 decreases fromoesipht t
Table 7.23 Cruising Distance and OPEX of LNG Tankers, MSL (Case 2)
Tanker OPEX
Cruise Tonne Unit Price Ship
Home Tanker Distance| Unloading Miles (US$1,000 Operating
Port Destination . (ound- Weight (1,000 ' Costs
. Size . . tonne -
Terminal trip (kiloton) tonne miles) (million
miles) miles) US$/year)
3.BNO L 55,872 515 449,770 5.9 2.65
4.LMB M 60,760 443 384,307 5.9 2.27
5.BDS S 47,554 257 | 196,874 5.9 1.16
6.LBJ
MSL 7 KPG S 40,764 202 118,479 5.9 0.70
8.AMB
9 NLA SS 52,974 166 60,920 5.9 0.36
11.TTE M 43,610 443 275,833 5.9 1.63
Total 301,534 2,025 1,486,183 8.77
SourceAuthors
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c. Case 3: millkun method partly applied
Table 7.17 shows the number and size of LNG tankers of case 3.
1)  Operation of LNG tankers

Since the operation rate of the LNG tanker to deliver LNG to Labuan Bajo and Kupang
of case 2 is less than 50%, Badas is added to the subgroup of Labuan Bajo agd Kupa
Therefore, the millkun method is applied to a new subgroup to include Kupang,
Labuan Bajo, and Badas by one LNG tanker. In addition, the operation rate of Ternate
is less than 50% in case 2, so that Ternate is also added to the subgroup of Ambon and
Namlea. Then the mitkun method with one LNG tanker is applied to the new
subgroup of Ambon, Namlea, and Ternate.

Maseld Kupang Labuan BajoBada$ Masela to use M type LNG tanker

Maseld Ambori Namled Ternatéd Maselato use M type LNG tanker.

Figure 7.23:LNG Delivery, MSL, MHRun Method (Case 3)

MSL Case 3 Milk run

Round trip (Unit: miles)
MSL 420 7.KPG 308 5.BDS 767 MSL
MSL 350 8.AMB 98 9.NLA 386 MSL

98 238
8.AMB —™>9.NLA —"11TTE

161 308
3.BNO 4.LMB 5.BDS <«—6.LBJ «— 7.KPG 350
1246
868 767 420
873
[ship6 |
i MSL

Total round trip 7212 miles

SourceAuthors

The total cruising distance of case 1 is 9,822 miles; that of case 3 is 7,212 miles. Thus,
occasionally, the mitkun method contributes to shortening the cruising distance.
However, destinations should be close to each other.
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Table 7.24Comparison ofCruising Distance between Hub & Spoke (Case 1)

and Milk-RunMethods (Case 3)

SourceAuthors

2)

Operational status of storage

Due to the application of the mHkun method, the initial volume of the two LNG
onshore storages at Badas and Ternate are assumed to be two thirds of its capacity.
However, no shortage has occurred. In addition, looking at the ratio defined as
[ bD 2y aKz2NB

WYl EA Y&Y k0% LI OA G &

about 0.€,0.7 and they look good. But the difference between the maximum and the
minimum levels of LNG onshore storage at Labuan Bajo, Kupang, Ambon, and Namlea
seem to be narrowTherefore, the LNG storage capacity might be too big. The SS type

27

of LNG storage could be available (Table 7.25).
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MSL City Hub & Spoke | Milk-Run
Group Name Round Trip

3.BNO 1,746 1,746
4.LMB 1,736 1,736
5.BDS| 1,534
6.LBJ 1,242 1,656

MSL 7.KPG 840
8.AMB 700

828
9.NLA 778
11.TTE| 1246 1,246
Total 9,822 7,212
Milk-run area

ad2NF 38Q>
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Table 7.25

: Operational Status of Onshore Storage, MSL (Case 3)

Operational
Status of
Storage

3.BNO

4.LMB

5.BDS

6.LBJ

7.KPG

8.AMB

9.NLA

11.TTE

Total

Storage size

M

S

S

S

S

Storage
capacity (CBM)

50,000

50,000

30,000

20,000

20,000

20,000

20,000

50,000

Storage
capacity
(kiloton)

23.0

23.0

13.8

9.2

9.2

9.2

9.2

23.0

119.6

Initial value
of storage
(kilotons)

115

115

9.2

6.1

6.1

6.1

6.1

15.3

72.1

Unloading
weight
(kiloton/year)

515.2

442.8

253.7

98.8

101.8

89.7

75.9

442.8

2020.6

Tanker
unloading
volumes
(kiloton/time)

16.1

12.7

8.3

8.3

8.3

2.3

2.3

12.7

Level of calling
a tanker
(kiloton)

7.67

7.67

6.90

4.60

4.60

4.60

4.60

11.50

Number of
unloading
(times)

32

35

36

36

36

48

48

48

319

Maximum
level of
storage
(kiloton)

16.44

14.05

8.49

5.84

6.4

5.88

5.92

14.11

Minimum
level of
storage
(kiloton)

0.62

1.58

0.34

3.23

3.97

3.85

4.02

191

Average level
of storage
(kiloton)

8.5

7.8

4.4

4.5

5.2

4.8

4.8

6.8

Maximum
level/Storage
capacity

0.71

0.61

0.62

0.63

0.70

0.64

0.64

0.61

Stock at
end of period
(kiloton)

8.4

1.65

4.55

4.68

4.78

5.12

5.32

11.15

45.65

Total

supply
(kiloton)

518.3

452.6

258.4

100.3

103.2

90.7

76.7

446.9

2,047.0

Annual
consumption
(kiloton)

518.9

454.4

257.9

104.4

98.8

90.1

75.3

444.2

2,044.1

Comparison

/

1.00

1.00

1.00

0.96

1.04

1.01

1.02

1.01

1.00

SourceAuthors.
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3)

Operationalstatus of LNG tankers

Figure 7.25 shows the operation of four LNG tankers of case 3. The figure also shows the
busy situation of LNG tankers or ships 3 and 4, whilst ships 1 and 2 have plenty of idle
time. Ship 3 transports LNG from Masela to Badas, LaBapgn and Kupang by the milk

run method. Ship 4 also delivers LNG to Ambon, Namlea, and Ternate by the same
method. Thus, the operation rates of both ships increase to 72% and 71%, respectively
(Table 7.26).

Figure 7.24: Rate of LNG Tanker OperationsL&se 3
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SourceAuthors
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Table 7.26Results of Tanker Operations, MSL, MiBun Method (Case 3)

Waiting . : .
L T I N fl N f
Home Port . Tanker | Time for ogdlng rar.1$port un gad|ng Opgratlng Total Time | Rate of umbgro “mbefo
. Destination , Time Time Time Time . Loading | Unloading
Terminal Number | Shipment (hour) Operation . .
(hour) (hour) (hour) (hour) (times) (times)
(hour)
3.BNO 1 3,719 384 4,201 384 4,969 8,687 57% 32 32
4.LMB 2 3,091 420 4,638 420 5,478 8,569 64% 35 35
5.BDS
MSL 6.LBJ 5 2,453 432 4,549 1,296 6,277 8,730 72% 36 108
7.KPG
8.AMB
9.NLA 6 2,525 576 3,953 1,728 6,257 8,782 71% 48 144
11.TTE
Total 11,788 1,812 17,341 3,828 22,981 34,768 151 227
SourceAuthors
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Figure 7.25: LNGtorage Level of Each Site, MSL (Case 3)
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Figure 7.26LNG Tanker Operations, MSL (Case 3)
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4)  Key findings

The total operation cost of case 3 is higher than case 2. But the cruising distance of
case 3 is shorter than case 2. Operation cost is defined as tonne mile (distance x
unloading of LNG) x unit operation cost of LNG tanker (US$/1,000 tonne miles).
Therefae, the tonne miles of case 3 should be bigger than case 2 because the LNG
tanker leaving Masela should load roughly three times the LNG amount compared to
case 2. But for case 3, LNG tankers are reduced from six to four.

Table 7.27: CruisinBistance and OPEX of LNG Tankers, MSL Rtk Method (Case 3)

Tanker OPEX
Cruise Tonne i
. . . Unit Price Shlp.
Home Tanker Distance | Unloading Miles (US$1,000 Operating
Port Destination ; (round- Weight (1,000 ' Costs
. Size . . tonne .
Terminal trip (kiloton) tonne i) (million
miles) miles) US$lyear)
3.BNO L 55,872 515 449,770 5.9 2.65
4.LMB M 60,760 443 384,307 5.9 2.27
5.BDS
MSL 6.LBJ M 59,616 455 342,455 5.9 2.02
7.KPG
8.AMB
9.NLA M 59,388 607 405,223 5.9 2.39
11.TTE
Total 235,636 2,021 | 1,581,755 9.33

SourceAuthors

2.3. Tangguh group

The Tangguh group consists of one LNG shipping site (Tangguh) and seven LNG receiving
sites: Weda, Yapen Island (Serui), Biak, Manokwari, Soitynd/lerauke, and Jayapura city.

These are around South Halmahera to Papua province. Figure 7.27 shows the simulation
image of LNG delivery from Tangguh to seven LNG receiving sites in the Tangguh group.
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Figure 7.27: Simulation of LNG Delivery on R@&8&n, TGH, Milkun Method (Case 3)

TGH CASE 1

SourceAuthors

Ports of LNG receiving terminal, LNG onshore facility, and LNG tankers

Table 7.28 summarises the water depth at each receiving port, annual LNG consumption,
LNG onshore storage capacity, and type dbltAhker to be initially deployed.
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Table 7.28: Input Conditions for Simulation

Onshore Storage Tanker Storage
. Port Annual
Production Sl Port Water | Consumption : ; Water ; :
Base " | Abbreviation SUmp Type | Capacity | Weight | ool o | Capaciy | Weight
Depth | (kiloton (CBM) (kiloton) m (CBM) (kiloton)
TGH 10 WED 454 L 50,000 23.00 6.05 S 18,000 8.28
12 SRU 10 23 SS 5,000 2.30 5.28 SS 5,000 2.30
13 BIK 9 36 SS 5,000 2.30 5.28 SS 5,000 2.30
14 MNK 12 154 S 20,000 9.20 6.05 S 18,000 8.28
15 SON 15 247 M 30,000 13.80 6.05 S 18,000 8.28
16 MRK 7 51 SS 5,000 2.30 5.28 SS 5,000 2.30
17 JAP 9 23 SS 5,000 2.30 5.28 SS 5,000 2.30
SourceAuthors
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Table 7.29 shows the number and types of LNG tankers deployed for each case:tiypar SS
LNG tankers and threet§pe LNG tankers are assigned to case 1. Case 2 reduces the number
of LNG tankers from seven to five. These are threty@Sand two Sype ING tankers. Case

3 assigns only three LNG tankers consisting of SS, S, and M types.

Table 7.29Number and Size of Tanker (CaseS)L

TGH
10.WED | 12.SRU| 13.BIK | 14.MNK | 15.SON | 17.JAP | 16.MRK
Case 1 S SS SS S S SS SS
Case 2 S SS SS SS
Case 3 S M SS
SourceAuthors

a. Case 1: Hub & spoke method
1) Image of LNG tanker operation

Case 1 allocates seven ships to seven routes for delivering LNG from Tangguh to seven

destination ports. Figure 7.28 shows the image of case 1.

Figure 7.28Image of LNG Delivery from TGH, Hub & Spoke Method (Case 1)
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TGH Case 1 Hub & spoke

15.SON

383
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14.MNK

591

TGH

ship 4 694 3.BIK
ship 3

725

ship 2 12.SRU

ship 7

760

16.MRK

Total round trip

ship 6

992

17.JAP

9,172 miles

SourceAuthors
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2)  Operational status of LNG onshore storage

The simulation results of LNG onshore storages at seven LNG receiving ports are shown
in Table 7.30 and Figui®e29, indicating the following:

- The initial volume of each onshore storage is assumed half of its capacity, but
no shortage has happened at the seven receiving ports.

- The storage capacity at Serui and Biak with 5,000 CBM, Manokitla220,000
CBM, Merauke and Jayapura with 5,000 CBM is appropriate, as indicated by
WY EAYdzY £t S@Stk[bD &G2NF3IS OFLIOAGEQDP ¢KS
sites are more than 90%.

- On the other hand, the storage capacity of Weda with 50,000 CRMsanong
GAGK onXZnnn [/ .a A& 20SNBAISR RdS (2 t2¢68S
f SGStk[bD ai2NraS OFLI OAGEQD

- /| 2Y&ARSNAY3I GKS WYAYAYdzy f SO&§Wed2 T [bD &
Manokwari, and Sorong cityand considering these to be less than w fgays,
increasing the initial volume of the LNG storage is recommended.

[N

Table 7.30: Operational Status of Onshore Storage, TGH (Case 1)

Operational
Status of 10.WED| 12.SRU| 13.BIK | 14.MNK | 15.SON| 16.MRK| 17.JAP| Total
Storage

Storage size L SS SS S M SS SS

Storage

. 50,000( 5,000 5,000 20,000 30,000f 5,000| 5,000
capacity (CBM)

Storage
capacity 23.0 2.3 2.3 9.2 13.8 2.3 2.3 55.2
(kiloton)

Initial value
of storage 115 1.2 1.2 4.6 6.9 1.2 1.2 27.6
(kilotons)

Unloading
weight 447.1 21.8 37.4 157.1| 2484 50.4 225| 984.6
(kiloton/year)

Tanker
unloading
volumes
(kiloton/time)

8.3 2.3 2.3 8.3 8.3 2.3 2.3

Level of calling
a tanker 5.75 0.58 0.58 2.30 3.45 0.77 0.58
(kiloton)

Number of
unloading 54 11 17 19 30 24 11 166
(times)

Maximum

10.26 2.24 2.2 8.78 8.98 2.16 2.24
level of
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storage
(kiloton)

Minimum
level of
storage
(kiloton)

0.82

0.31

0.1

0.22

0.74

0.17

0.25

Average level
of storage
(kiloton)

5.0

13

1.1

4.6

4.8

1.2

1.2

Maximum
level/Storage
capacity

0.45

0.97

0.96

0.95

0.65

0.94

0.97

Stock at
end of period
(kiloton)

6.02

1.04

8.36

7.1

0.48

1.7

26.7

Total

supply
(kiloton)

452.6

21.9

36.5

153.3

248.2

51.1

21.9

985.5

Annual
consumption
kiloton

454.0

23.4

35.6

154.1

247.1

51.2

22.9

988.3

Comparison
/

1.00

0.94

1.03

0.99

1.00

1.00

0.96

1.00

SourceAuthors

3)

Figure 7.29 shows the operation of seven tankers. Table 7.31 shows the operation
status of LNG tanker per each route, including waiting time, loading time, transporting
time, unloading time, operating time, total time, operating rate, and number of loading

Operational status of tankers

and unloading of LNG. The operation rate of LNG tankers on five ro@&egui, Biak,

Monokwari, Sorong, and Jayapurais quite low. This suggests
operation rate through the application of other methods.
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Figure 7.29LNG Storage Level &ach Site, TGH (Case 1)
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Figure 7.30: LNG Tanker Operations, TGH (Case 1)
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Table 7.31Results of Tanker Operatian TGH, Hub & Spoke Method (Case 1)

Waiting . : .
Home Port L Tanker | Time for Logdlng Trapsport Unlqadlng Opgratlng Total Time | Rate of Numbgr 2l N“mbe'f e
: Destination . Time Time Time Time : Loading | Unloading
Terminal Number | Shipment (hour) Operation . .
(hour) (hour) (hour) (hour) (hour) (times) (times)
10.WED 1 2,628 648 4,817 648 6,113 8,741 70% 54 54
12.SRU 2 6,427 132 1,655 132 1,919 8,346 23% 11 11
13.BIK 3 5,911 204 2,453 204 2,861 8,772 33% 17 17
TGH 14.MNK 4 6,070 228 2,269 228 2,725 8,795 31% 19 19
15.SON 5 5,675 360 2,336 360 3,056 8,731 35% 30 30
16.MRK 6 4,179 288 3,791 288 4,367 8,546 51% 24 24
17.JAP 7 6,112 132 2,266 132 2,530 8,642 29% 11 11
Total 37,002 1,992 19,587 1,992 23,571 60,573 39% 166 166
SourceAuthors
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Figure 7.31: Rate of Tanker OperatiohGHCase )
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4) Key findings

The operation cost of LNG delivery to Waslanore than US$1 million per year. That of
other ports is less than US$1 million due to shorter cruising distances and smaller LNG
amounts.

Table 7.32: Cruising Distance and OPEX of LNG Tanker, TGH, Hub & Spoke Method

(Case 1)
TankerOPEX
. Tonne Lo Shi
Home Cruise Unloadin Miles unit Price (@) eraFt)in
L Tanker | Distance ) < (US$1,000 P g
Port Destination . Weight (2,000 Costs
. Size (round- . tonne .
Terminal L (kiloton) tonne . (million
trip miles) . miles)
miles) US$/year)
10.WED S 47,628 447 | 197,180 5.9 1.16
12.SRU SS 15,950 22| 15,798 5.9 0.09
13.BIK SS 23,596 37| 25,921 5.9 0.15
TGH 14. MNK S 22,458 157 | 92,822 5.9 0.55
15.SON S 22,980 248 | 95,137 5.9 0.56
16.MRK SS 36,480 50| 38,327 5.9 0.23
17.JAP SS 21,824 22| 22,270 5.9 0.13
Total 190,916 985 | 487,455 2.88
SourceAuthors
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b. Case 2: LNG tanker sharing method (partly applied)
1) Image of LNG tanker operation

Figure 7.32 shows the operation of LNG tankers of case 2. LNG tanker ship 2 covers
two LNG demand sites, Serui and Biak. Another LNG tanker, ship 4, delivers LNG to
Manokwari and Sorong city. As a result, the number of LNG tankers decreased from
seven to ive.

Figure 7.32Delivery from LNG Terminal, TGH, Hub & Spoke (Case 2)

TGH Case 2 Hub & spoke (Shared use of tankers)
One-way trip (Unit: miles)

10.WED 15.SON
14.MNK

441 38
501

13.BIK
694
ship 1 TGH

ship 2 12.SRU

ship 7| [ship 6 725

760 992
16.MRK 17.JAP

Total round trip 9,172 miles

Source:Authors

2)  Operational status of LNG onshore storage

The initial volume of the four ports (Serui, Biak, Manokwari, and Sproicgeases

from one half to two thirds due to the operation of one LNG tanker. The capacities of

the ports do not change because no LNG shortage occurs. In addition, the LNG storage

capacity at Weda and Manokwari seems to be bigger compared to the attuabe

level, defined as the difference between the maximum and the minimum levels. Weda
hasa23 Af 202y OF LI OAle tSaa wmn (Af202ya & YAy
9.2 kilotons less 6.7 kilotons minimum level (Table 7.33 and Figure 7.33).
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Table 7.330perational Status of Onshore Storage, TGH (Case 2)

Operational |4 \ep| 12.5RU| 13.BIK | 14.MNK| 15.50N| 16.MRK| 17.3AP| Total
Status of Storage
Storage size L SS SS S M SS SS

t it
storage capaclty | 5 09| 5,000 5,000| 20,000| 30,000/ 5000| 5000
(CBM)
SRR € T 23.0 2.3 2.3 9.2| 138 2.3 23| 552
(kiloton)

nttalvalue of | =y, 51 45 15 61| 92 12| 12| 322
storage (kilotons)

Unloading
weight 447.1| 21.7| 37.3| 1525 2484| 504| 225| 979.9

(kiloton/year)
Tanker unloading
volumes 8.3 2.3 2.3 8.3 8.3 2.3 2.3
(kiloton/time)
Level of calling a
tanker (kiloton)
Number of

5.75 1.15 1.15 4.60 6.90 0.77 0.58

. . 54 14 20 25 30 24 11 178
unloading (times)
Maximum level of\ oo 5 oy 22| 878| 1244| 216| 224
storage (kiloton)
Minimum level of\ ) o, 05 01| 206| 036 017| 025
storage (kiloton)
Average I(?vel of 5.0 1.4 1.3 5.9 6.9 1.2 1.2
storage (kiloton)
Maximum
level/Storage 0.45 0.97 0.96 0.95 0.90 0.94 0.97
capacity

k f

Stockatendof o 1 518 06| 6.26 9.4| 048 17| 26.64
period (kiloton)

Total supply
(kiloton) 452.6 21.1 38.2 152.4 248.2 51.1 22.0 985.5
Annual
consumption 454.0 23.4 35.6 154.1 247.1 51.2 22.9 988.3
(kiloton)

Comparison

/ par 1.00 0.90 1.07 0.99 1.00 1.00 0.96 1.00
SourceAuthors

3)  Operational status of tankers

The operation rate of LNG tankers, ships 2 and 4, improves largely due to LNG delivery
by one tanker to two LNG demand sites.
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Table 7.34Results of LNG Tanker Operations, Hub & Spoke (Case 2)

Home Wa|t|ng Loading | Transport | Unloading | Operating Total MUl MUl
. Tanker | Time for . . . . . Rate of of of
Port Destination . Time Time Time Time Time . . .
Terminal Number | Shipment (hour) (hour) (hour) (hour) (hour) Operation | Loading | Unloading
(hour) (times) (times)
10.WED 1 2,628 648 4,817 648 6,113 8,741 70% 54 54
112?3?; 2 2,994 408 4,994 408 5,810 8,803 66% 34 34
14.MNK
0,
TGH 15 SON 4 2,148 660 5,309 660 6,629 8,777 76% 55 55
16.MRK 6 4,182 288 3,788 288 4,364 8,546 51% 24 24
17.JAP 7 6,113 132 2,265 132 2,529 8,642 29% 11 11
Total 18,064 2,136 21,172 2,136 25,444 43,509 58% 178 178
SourceAuthors
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Figure 7.33: Rate of LNG Tanker Operation, TGéke 2
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Figure 7.34: LNG Storage Level of Each Site, TGH (Case 2)
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Figure 7.35LNG Tanker Operation, TGH (Case 2)
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4)

Key findings

The total operation cost of LNG tankers of case 2 is similar to case 1 due to the
application of the same delivery method, which is hub & spoke. But cases 1 and 2 have
different assumptions, which are the initial volume at LNG storages and LNG tanker
calling level. Thus, the unloading amount of LNG to Manokwari is smaller than case 1.
This is why the operation costs between cases 1 and 2 are different.

Table 7.35Cruising Distance and OPEX of LNG Tanker, TGH (Case 2)

Tanker OPEX
(':rmse . anne Unit Price Shlp.
Home Tanker Distance | Unloading| Miles (USS$1,000 Operating
Port Destination ; (round- Weight (2,000 ' Costs
: Size . . tonne .
Terminal trip (kiloton) tonne = (million
miles) miles) US$lyear)
10.WED S 47,628 447 197,180 5.9 1.16
12.SRU
4 41,034 . 24
13.BIK SS 8,060 58 ,03 5.9 0
TGH L4.MNK S 52,530 402 185,814 5.9 1.10
15.SON ' ' ' '
16.MRK SS 36,480 50 38,327 5.9 0.23
17.JAP SS 21,824 22 22,270 5.9 0.13
Total 206,522 980 | 484,626 2.86
SourceAuthors
C. Case 3: Milkun method (partly applied)
1) Image of tanker operation

The milkrun method is applied to LNG delivery for Tangguborong Manokwari
Biak Serui Jayapura Tangguh (Figure 7.36).
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Figure 7.36: Image of LNG Delivery, TGH, Milln Method (Case 3)

TGH Case 3 Milk run
Round trip (Unit: miles)

TGH 383 15.SON 236 14.MNK 127 13.BIK 114 12.SRU 349 17.JAP 992 TGH
10.WED 15.80%
14.MNK
383 127
441
13BIK
\114
12.SRU
349
760 992
16.MRK 17.JAP
Total round trip 5,067 miles

SourceAuthors

In the hub & spokenethod, the cruising distance is 9,172 miles (case 1). On the other
hand, it is 4,603 miles in the mitkn method (case 3).

Table 7.36Comparison of Distance of Hub & Spoke and MRkn Methods

TGH City Hub & Spoke Milk-Run
Group Name Round Trip
10.WED 882 882
12.SRU 1,450
13.BIK 1,388
TGH 14.MNK 1,182 2,201
15.SON 766
17.JAP 1,984
16.MRK 1,520 1,520
Total 9,172 4,603
Milk-run area

SourceAuthors
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2) Operational status of storage

The initial volume of seven receiving terminals are the same as case 2, except for
Jayapura whose volume increased from 1.2 kilotons to 1.5 kilotons due to one of the
target ports of the milkun method. Incase 3, one Mype LNG tanker covers five LNG
receiving terminals, so that the LNG unloading volume per time is also smaller than case
2 except for Sorong. Due to reduced unloading LNG amount, the humber of unloading
times increases to 30 times in eachfpd is the same for Sorong in case 2. The capacity
of LNG onshore storage at Weda, Merauke, and Sorong is oversized, referring to the
difference between the maximum and the minimum levels, and can be further reduced.

Table 7.37:Operational Status oDnshore Storage, TGH (Case 3)

Operational 10.WED| 12.SRU| 13.BIK | 14.MNK | 15.SON| 16.MRK | 17.JAP| Total
Status of Storage
Storage size L ss ss S M ss ss
Storage capacity| o 50|  5.000| 5000 20,000 30000| 5000 5000
(CBM)
St.oragecapamty 230 23 23 9.2 13.8 2.3 23| 55.2
(kiloton)

Inmalvglueof 115 15 15 6.1 9.2 1.2 15| 326
storage (kilotons)

Unloading
weight 447.1| 217 37.3| 1525| 2481 50.4| 22.5| 979.7

(kiloton/year)

Tanker unloading
volumes 8.3 0.7 1.2 5.1 8.3 23 0.7
(kiloton/time)

Level of calling a

. 5.75 1.15 1.15 4.60 6.90 0.77 1.15
tanker (kiloton)

Number of

. . 54 30 30 30 30 24 30 228
unloading (times)

Maximum level
of storage 10.26 1.69 1.91 8.13 13.12 2.16 1.57
(kiloton)

Minimum level
of storage 0.82 0.92 0.71 2.99 4.96 0.17 0.8
(kiloton)

Average level of

. 5.0 1.3 1.3 5.6 9.0 1.2 1.2
storage (kiloton)

Maximum
level/Storage 0.45 0.73 0.83 0.88 0.95 0.94 0.68
capacity

Stock at end
of period 6.02 1.53 1.63 6.43 9.86 0.48 0.8| 26.75
(kiloton)
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Total supply
(kiloton) 452.6 21.7 37.2 152.2 247.5 51.1 23.2| 985.5

Annual
consumption 454.0 23.4 35.6 154.1 247.1 51.2 22.9| 988.3

(kiloton)
Comparison
/
SourceAuthors

1.00 0.93 1.05 0.99 1.00 1.00 1.01| 1.00

3) Operational status of LNG tankers

The operational status of LNG tankers is shown in Table 7.38 and the diagram of the operation
of the three LNG tankers in the Tangguh Group is shown in Figure 7.38. The occupancy rate
increased to 81% due to the appliaaii of the milkrun method in five LNG receiving sites.
Therefore, one Msized tanker operation is feasible because of the absence of LNG shortage.
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Table 7.38Results of LNG Tanker Operations, TGH, Milkn Method (Case 3)

Waiting . . .
Home Port . Tanker | Time for Logdlng Trar.13p0rt Unlgadlng Opgratmg Total Time | Rate of Numb('erof N“mbef of
. Destination , Time Time Time Time . Loading | Unloading
Terminal Number | Shipment (hour) Operation . .
(hour) (hour) (hour) (hour) (times) (times)
(hour)
10.WED 1 2,640 648 4,805 648 6,101 8,741 70% 54 54
12.SRU
13.BIK
TGH 14.MNK 5 1,683 360 4,899 1,788 7,047 8,730 81% 30 149
15.SON
17.JAP
16.MRK 6 4,189 288 3,781 288 4,357 8,545 51% 24 24
Total 8,512 1,296 13,485 2,724 17,505 26,016 67% 108 227
SourceAuthors
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Figure 7.37: Rate of Tanker Operation, T(EkHse 3
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Figure 7.38: LNG Storage Level of Each Site, TGH (Case 3)
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Figure 7.39:LNG Tanker Operation, TGH (Case 3)
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4)  Key findings

The operation cost of case 3 is higher than cases 1 and 2. The cruising distance of the
ship is shorter than cases 1 and 2, but the tonne miles are riane cases 1 and 2
because one ship has to load a bigger LNG amount than cases 1 and 2 to deliver LNG
to five ports. But the increase of operation costs is only 2% from case 1.

Table 7.39: Cruising Distance and OPEX of Tanker, TGHRMilKViethod(Case 3)

Tanker OPEX
Cruise Tonne i
. . . Unit Price Shlp.
Home Tanker Distance | Unloading Miles (USS$1,000 Operating
Port Destination ; (round- Weight (2,000 ' Costs
. Size . . tonne .
Terminal trip (kiloton) tonne s (million
miles) miles) US$lyear)
10.WED S 48,227 447 197,180 5.9 1.16
12.SRU
13.BIK
TGH 14.MNK M 65,368 482 262,921 5.9 1.55
15.SON
17.JAP
16.MRK SS 36,983 50 38,327 5.9 0.23
Total 150,578 980 | 498,428 2.94

SourceAuthors

3. Application of a Secondary Terminal

This section analyses the technical and economic impacts brought about by the application
of a secondary terminal system. We assume the secondary port at Makassar in the Masela
group covers the following five LNG receiving ports: Bali (Benoa), Lombok af)emb
Sumbawa (Badas), Flores (Labuan Bajo), and Kupang. Figure 7.40 shows the simulation
execution screen on a PC screen.
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Figure 7.40Simulation of LNG Delivery on PC Screen (Secondary Terminal)

SourceAuthors
a. Necessary additional data
1) Distance table
For this analysis, data on two distances are needed: (i) between Masela and Makassar
and (ii) between Makassar and the five LNG receiving sites. The distance from Masela
and Makassar for each port is less than one half except for Kupasgurbly reduces
the operation cost of the LNG tankers. At Makassar, aiddd secondary LNG storage
is assumed; it covers the LNG consumption at Makassar and the five receiving sites.
Makassar never receives LNG from Donggi Senoro.
Table 7.40Distancefrom Masera to Makassar and Makassar to the Five Ports
2 3 4 5 6 7
Base | 2MKS | 3.BNO | 4LMB | 5.BDS| 6.LBJ| 7.KPG
MSL 695 873 868 767 621 420
2. MKS 324 311 298 207 441
SourceAuthors
2)  Capacity of a new secondary storage at Makassar
The secondary terminal covers five LNG receiving terminals, which are Bali to Kupang
and Makassar. LNG demand and annual LNG delivery amount is 1,624 kilotons. This
simulation assumea 180,000 CBM capacity.
3)  Additional LNG tanker between Masela Makassa

We assume a 70,000 CBM capacity of the secondary stgpe ILNG tanker
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