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Indonesia has big potential for capturing and utilizing CO,

= Many new proven gas fields are yet to be produced, many with high CO2 content
= Many oil and gas fields in natural depletion phase, need tertiary recovery (EOR/EGR)
= Significant role of coal power plant in electricity mix
(total coal fired power plant in 2019: 26.5 GW), potential to be integrated with oil and gas CCUS projects
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Just Fresh from the oven (Nov - 2020)

Arifin also emphasized that development of Carbon Capture, Utilization, and Storage (CCUS) is vital o
reduce CO2 emissions. "CCUS is currently a key issue at the global level relating to reduction of CO2
emissions and reuse of the same to increase oil recovery in depleted oil fields,” said Arifin.

In closing, Arifin invited all stakeholders to collaborate in enhancing CCUS capacity and use. According
to him, it is necessary to strengthen the framework for public-private cooperation by creating a
sustainable platform for accelerated implementation of CCUS, identification of investment
opportunities, and improvement of business environment as well as dissemination of policies,
regulations, and best practices. "Indonesia welcomes all parties to join us in developing CCUS in order

to achieve the commitment to sustainable energy”, Arifin concluded. (1Y)

Minister of EMR Reiterates Commitment to Use of Cleaner Fuels
in East Asia Energy Forum
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Besides that, the Government of Indonesia is currently finalizing the Draft of Presidential Decree on Carbon Pricing
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Current Status of CCUS Regulation in Indonesia

KETIGA : Masa kerja Tim Penyusunan Regulasi Pelaksanaan Kegiatan
Carbon Capture and Storage/ Carbon Capture, Utilization and
Storage (CCS/CCUS) sebagaimana dimalksud dalam Diktum
KESATU adalah selama 6 (enam) bulan terhitung sejak
tanggal 1 Juli 2021 sampai dengan 31 Desember 2021.

KEMENTERIAN ENERGI DAN SUMBER DAYA MINERAL KEEMPAT  : Biaya yang diperlukan bagi pelaksanaan tugas Tim Aspects to be
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What we have learnt from Gundih CCUS Studies?

Latest Status of Gundih Project: Shifting from CCS Pilot Project to CCUS (CO,-EGR) Project

Map of Gundih area and its surrounding areas
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NEW Scenario of CCUS Project in GUNDIH AREA (Introduced in 2019)
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Currently Gundih CPP releases 800 tpd of CO.,. If all of available CO,
is injected to Kedungtuban structure:
- 3 mio of CO, will be reduced for 10 years injection time.
- Incremental gas production (80% CH,) of 36 BSCF for 10 years,
equivalent to approx. USD 100 - 120 mio.
- The Capex for 10 years CO, injection = USD 49 mio, total OPEX =
USD 20 mio
w - Offering participation of foreign institutions for injecting CO,,
R ) N7 ST e.g. using JCM scheme.
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2020 Study Results and Way Forward K (- )
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Subsurface Study on KTB Facility Study for 800 TPD-CO, Injection
Feasible CO, injection, Positive EGR impact, - Facility desined i
but apparent uncertainties - Cost estimated
(max. -80 million USD of CAPEX)
- No consideration of site-specific issue
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Follow up:

- Need further studies to be equivalent to Pre-FEED study, to be conducted from March 2021 — Feb/March 2022.

- Pertamina assigns a task force to work together with CoE CCS/CCUS at ITB, Japanese research team, and DG Qil
and Gas in finalizing this Pre-FEED document by Feb/Mar 2022.



Economical Motivation of CCUS Implementation in Indonesia (the study was conducted by CoE ITB in 2021)

Make oil and gas fields more environmentally friendly & they give economic benefit e.g. from incremental production
--- A Study from an Indonesian EGR Project Plant: Analysis on Carbon Credit Sensitivity for Project Economics ---

Assumptions: Injection of CO, starts in 2026 & all CO,- credit could be sold

Contractor PTCF Case 1-A @ 2045 with Carbon Credit
2030 2035

Estimated Project pay out time for

------------------ / v ot 5100 » Carbon Credit 15 USS/tCO,e :Q1 2032
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__________________ S e * PTCF Comparison for project 35 USS carbon
e T credit is 1.6 times as profitable as the project

i ; e with 25 USS carbon credit and 2.4 times more
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carbon credit.

Carbon Credit Sensitivity-EGR Implementation in a field in * Based on the calculation, carbon credit is able to
Indonesia reduce operating expenditure to zero, therefore
[ [ [ [ [ increasing profit for both contractor and the
Government of Indonesia.
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CO, Sources from Main Energy Sectors in Indonesia

Indonesian target for GHG emission reduction from energy sector from 2020 — 2030 (20 years): ~ 400 Mt of CO,.

Some facts about CO, —injection plans from some sites in Indonesia:

Cumulative total CO, that could be injected in Gundih field for 10 years ~ 3 Mt of CO,
Cumulative total CO, that could be injected in Tangguh field for 10 years ~ 32 Mt of CO,

Cumulative CO, that could be produced from main oil and gas fields in Eastern Java (incl. Gundih, Banyu Urip, Sukowati, & JTB) for 10 years
~ 35 Mt of CO,

Potential of CO, to be injected from Banggai Ammonia Plant (Central Sulawesi) for 10 years ~ 10 Mt of CO,

Potential of almost pure CO, injection from DMIE Project in Tanjung Enim — South Sumatra for 10 years (from coal gasification) ~ 40 Mt of
CO, (there will be another 25 Mt of CO, for 10 years from boiler incl. impurities)

—> Potential of GHG reduction from those above planned projects (10 years): ~ 117 Mt of CO, (29% of GHG emission reduction
target from energy sector)

If we add the potential of CO2 produced from coal-fired power plant:

CO, released from PLTU Cirebon (650 MW, 80% capacity factor) ~ 4.5 Mt of CO, per year (Note: 1 MWh ~ 0.9 ton of CO,)
CO, released from all Coal-fired power plants in Indonesia (totally 35 GW, 80% capacity factor) ~ 250 Mt of CO, per year

—> Thus, CCUS can play an important role in Indonesia, since there are a lot of CO, sources from energy sector, but their locations are close

enough to depleted oil reservoirs and coal mining, so that CO,-EOR, CO,-EGR and ECBM can perhaps be carried out economically in
Indonesia.



Development of CO,-Source-Sink GIS System for Indonesia

Suggestion: This system will be accessible for public for inviting investors
Conventional One-by-One CCUS ™~
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-- from QOil and Gas Fields --

Potential CO, Source in Western Part of East Java
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Potential CO, Sources in Western Part of East Java
-- from Coal Power Plants --

East Java Hub Cluster . .
o Potential Source:
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Potential CO, Sinks in Western Part of East Java

Potential Sink Fields:

1. Ledok Field (Old Field, very high
uncertainty)

2. Kawengan Field (Old field,
production approx. 1250 BOPD)

3. Sukowati Field (Most possible
candidate, already on
PERTAMINA's EOR Roadmap,
production approx., 10,000 BOPD)

4. Mudi Field (possible candidate,
production approx. 9,500 BOPD)

Estimated CO, Sequestered:
9650 tonnes per day

Estimated additional oil recovery:
4000-7000 BOPD
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Potential CO, Sources in South Sumatera
CO, Source from Oil & Gas

No |Field Name Operator
1 Bungin 1 ConocoPhillips (South Jambi) Ltd
2 Dayung ConocoPhillips (Grissik) Ltd
ConocoPhillips (Grissik) Ltd~PT Pertamina/Talisman (Jambi Merang)
3 Gelam
Ltd
4 Kuang PT Pertamina EP
5 Letang ConocoPhillips (Grissik) Ltd
6 Pagardewa PT Pertamina EP
7 Prabumenang PT Pertamina EP
8 Raja PT Pertamina EP
9 Sambar 1 ConocoPhillips (Grissik) Ltd
10 [Singa (Medco) PT Medco E&P Lematang
11 |Suban ConocoPhillips (Grissik) Ltd
12  [Sumpal ConocoPhillips (Grissik) Ltd
13 |Bentayan PT Pertamina EP
14  |Tanjung Laban PT Pertamina EP
15 |Ramba PT Pertamina EP
CO, Source from Industry
No |Industry Category [Company
A |Petrochemical PT Pupuk Sriwidjaja

CO, Source from Power Plant
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C.3 |Bukit Asam #2 PT PLN (Persero) Pembangkitan Sumatera Bagian Selatan

C.4 [Sumsel-5 PT DSSP Power

C.5 |Baturaja PT Bakti Yudha Nugraha Power
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in South Sumatera
Source Category: Gas Field, PLTU, Industry



Potential CO, Source in East Kalimantan

CO, Source from Oil & Gas

No |Field Name Operator
No Data
CO, Source from Industry
No |Industry Category Company
A.1 |Petrochemicals PT Pupuk Kalimantan Timur
A.2 [LNG Plant PT. Badak NGL
A.3 |Refinery PT. Pertamina (RU V)

CO, Source from Power Plant

C.1 |PLTU Senoni PT Kalimantan Powerindo
C.2 |PLTU CFK PT PT Cahaya Fajar Kaltim
PT PLN (Persero) Pembangkitan dan Penyaluran
C.3 |PLTU Teluk Balikpapan |Kalimantan
C.4a [PT Kariangau Power  |PT Kariangau Power

New study cooperation between PT Kaltim Prana Industri (KPI) and ITB
was established on 30 August 2021
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New Study
Cooperation

Signing of MoU regarding
CCS Joint Study for Clean
Fuel Ammonia Production
in Central Sulawesi

PT Panca Amara Utam,
JOGMEC, Mitsubishi Corp.
& ITB: 19 March 2021

Signing ceremony

Japan Oil, Gas and Metals National Corporation (JOGMEC), Mitsubishi Corporation (MC), Bandung Institute
of Technology (ITB), a national university in the Republic of Indonesia, and PT Panca Amara Utama (PAU)
have agreed to conduct a joint study on carbon capture and storage (CCS) and carbon dioxide utilization for
clean fuel ammonia production in Central Sulawesi, the Republic of Indonesia. The four parties have signed
a Memorandum of Understanding (MOU).

Ammonia is being used worldwide as raw material for fertilizers/plastics/chemicals. Expectation for
ammonia to become a next generation clean energy source is growing because ammonia does not emit
carbon dioxide when burnt; transportation methods have been established with existing infrastructure; and
due to its high hydrogen content.

Under the MOU, the four parties will jointly conduct a CCS feasibility study near PAU's ammonia plant in
Luwuk, Central Sulawesi, and the Donggi-Senoro LNG plant in the same province which is being led by MC
as the largest shareholder. Mitsubishi Gas Chemical Company, Inc., which also indirectly invests in PAU
together with Mitsubishi Corporation, has expressed its interests to cooperate in this joint study. Going
forward, the companies concerned will formulate the necessary work processes including project
composition; data accumulation of candidate storage formations; simulations; analysis and evaluations.

Through this joint study, we will make effort to contribute towards realizing a decarbonized society and
securing stable energy supply for Japan by pursuing the feasibility of clean fuel ammonia production from
utilization of existing ammonia plant and CCS treatment of carbon dioxide generated during the production
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Sink from Oil and Gas Fields Around Banggai Ammonia Plant
Central Sulawesi
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Indonesia is a Coal Economy

Distribution of coal (ca. 18,7 billon tonnes as reserve and 90 billion tonnes as potentioan resource)
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CO, from Coal Fired Power Plant,
Connected to Oil and Gas fields (CCUS)
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Photo of Coal-fired power plant near Cirebon (West Java), currently the
installed capacity is 650 MW and the production of flared CO, is about 4
mio. Tonnes per year. In 2022, unit-2 will be on stream with additional
capacity of 1,000 MW.
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Sink from QOil and Gas Fields Around PLTU Cirebon C2
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[ICluster B (60 km)
Around 40 km from this power plant, there
several oil and gas fields, e.g. Jatibarang field.
Potential for future CCUS Project?



PLTU Indramayu (290 MW), and the list of sinks are as follow:

ol |D - ) A Ll Operato bl PROU A - -
1 Karang Enggal PT Pertamina EP Producing Oil & Gas Fields
2 Jati Asri PT Pertamina EP Producing Oil & Gas Fields
3 Jati Sinta PT Pertamina EP Producing Oil & Gas Fields
4 Kandang Haur Timur |PT Pertamina EP Producing Oil & Gas Fields
6 Cemara Barat PT Pertamina EP Producing Oil & Gas Fields
7 Pegaden PT Pertamina EP Producing Oil & Gas Fields
8 Cemara Selatan PT Pertamina EP Producing Oil & Gas Fields
10 Kandang Haur Barat [PT Pertamina EP Temporarily shut-in  |Oil & Gas Fields
13 Bojongraong PT Pertamina EP Producing Oil & Gas Fields
20 Gantar PT Pertamina EP Producing Oil & Gas Fields
21 Pamanukan Selatan |PT Pertamina EP Producing Oil & Gas Fields
22 Waled Utara PT Pertamina EP Producing Oil & Gas Fields
24 Cemara Timur PT Pertamina EP Producing Oil & Gas Fields
26 Melandong PT Pertamina EP Producing Oil & Gas Fields
28 Karang Baru PT Pertamina EP Producing Oil & Gas Fields
29 Tegal Taman PT Pertamina EP Producing Oil Fields
31 Karang Baru Barat PT Pertamina EP Temporarily shut-in  [Oil & Gas Fields
32 Karang Tunggal PT Pertamina EP Temporarily shut-in  [Oil & Gas Fields
34 Jati Keling PT Pertamina EP Producing Oil & Gas Fields
40 Arjuna FS PT Pertamina Hulu Energi ONWIJ Ltd |Temporarily shut-in  [Oil & Gas Fields
42 Arjuna U PT Pertamina Hulu Energi ONWIJ Ltd |Producing Oil & Gas Fields
45 Arjuna FF PT Pertamina Hulu Energi ONWIJ Ltd |Temporarily shut-in  |Oil & Gas Fields
47 Arjuna FZ PT Pertamina Hulu Energi ONWIJ Ltd |Producing Oil & Gas Fields
54 Arjuna ESR PT Pertamina Hulu Energi ONWIJ Ltd |Producing Oil & Gas Fields
55 Arjuna ESS PT Pertamina Hulu Energi ONWIJ Ltd |Producing Oil & Gas Fields
56 Arjuna FSW PT Pertamina Hulu Energi ONWIJ Ltd [Producing Oil & Gas Fields
66 Arjuna ES PT Pertamina Hulu Energi ONWIJ Ltd |Producing Oil & Gas Fields
75 Arjuna EST PT Pertamina Hulu Energi ONWIJ Ltd |Temporarily shut-in  |Oil & Gas Fields
79 Arjuna F PT Pertamina Hulu Energi ONWIJ Ltd |Producing Oil & Gas Fields
85 Arjuna UB PT Pertamina Hulu Energi ONWIJ Ltd |Producing Oil & Gas Fields
86 Arjuna UY PT Pertamina Hulu Energi ONWIJ Ltd |Producing Oil & Gas Fields
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CONCLUSIONS

The CCUS Implementation in Indonesia is unique: BP secures enhanced gas recovery PoD
Wednesday, August 18 2021 - 11:05AM WIB
. . .. . By Alexander Ginting
1. It makeS the enV|r0nment |n the VlClnlty Of energy faCI|ItIES Upstream oil, gas authority SKK Migas announced on Tuesday that it has

approved Enhanced Gas Recovery (EGR) Plan of Development (PoD) of

I b I . h . . Ubadari and Vorwata fields located within BP-operated Berau, Muturi and
cleaner, because a large portion the produced GHG emission Wiriagar PSCs in West Papua.

e e e Based on the PoD, Ubadar and Vorwata EGR will produce 1,269 BCF and 3.77
|S | nJ e Cte d u n d e r‘g r‘o u n d . million barrels of condensate until the PSCs’ contracts expire in 2035. According

to SKK Migas, Ubadari is targeted to come onstream in the third quarter of
2026, followed by Vorwata in 2027. Investment required to develop the fields
is estimated at US$ 2.041 billion.

2. It gives an opportunity for both the government of Indonesia Bre T T e S T e R R e e 5
start production next year_with a capacity c_)f 38 milliqn ton per annum. Tangguh
and the oil and gas companies to receive additional income ‘:‘”Z"":’ °"‘;r:‘|‘:’5d“"°”_a“‘ls W'”:J:fj'f‘l‘;‘_"y‘;’”’f_""“’fea‘";”
ead also: * Indonesia plans US34 billion fresh investmen
from incremental hydrocarbon production. Utization and Storage (CCUS) to support enhanced gas recovery and at the

same time reduce the fields’ carbon footprint.

According to SKK Migas, Tangguh Train-1 and 2 currently release 5 million tons

3. |t Creates an 0pp0rtun|ty tO recelve more economlc beneflt of CO2 annually and will increase to 8 MTPA without CCUS application with the

operations of Train-3. CCUS application will cut CO2 release by 45 percent,
SKK Migas said.

from selling carbon credits.

The Tangguh LNG is developed by a consortium of international companies,
led by BP (37% stake), CNOOC (17%), and Mitsubishi Corporation (16.3%).
Smaller partners include the Japanese companies Nippon Energy, Kanematsu,
Sumitomo, and Nissho lwai. Production began in June 2009.

Editing by Reiner Simanjuntak

Note: - CCUS activities in a oil and gas block could be as part of field development scenario, thus could be proposed in
the POD proposal.
- CCS/CCUS activities should be part of oil and gas operations, thus CAPEX-OPEX will become oil and gas operation
cost, which is integrated to the field economic.
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Email: coe-ccs@fttm.itb.ac.id & rachmat.sule@itb.ac.id
http://ccs-coe.fttm.itb.ac.id/
http://ccs-gundih.fttm.itb.ac.id/
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