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１．Natural resource development in an era of decarbonization
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There is an increasing call for decarbonization in natural resource development. 
Oil-producing countries and major oil companies overseas are strengthening their decarbonization efforts by focusing 
on carbon capture and storage (CCS), which will become indispensable in the future when using fossil fuels as new 
resources of hydrogen, ammonia, etc.

• Shell and France’s Total are selling “carbon-neutral LNG” to Japan and China under a carbon offset mechanism＊4

• The U.S.’s Chevron started CCS operations＊3 at the Gorgon LNG project in Australia. The company plans to inject 
between 3.4 million and 4 million tons of CO2 per year for 40 years.

Examples of natural resource development projects

• Australia’s Santos plans to store in the underground the 1.7 million tons of CO2 emitted from a natural gas processing 
plant in Moomba on the Australian continent per year and considers fossil-fuel hydrogen production and associated CCS.   

• Oil and Gas Climate Initiative (OGCI)＊1 pursues four Hub CCUS projects around 
Europe. It has launched a US$1 billion fund to invest in CCUS technology to reduce 
methane/CO2. 

• Abu Dhabi National Oil Company (ADNOC) plans CO2EOR projects＊2 by 2030 to 
capture 5 million tons of CO2 per year from gas processing facilities and inject them 
in underground oil reservoirs.

*Source: OGCI Progress Report 2020 

＊1: OGCI: A climate initiative launched by the CEOs of large oil corporations such as BP, Shell, ExxonMobil, Chevron, Saudi Aramco, Petrobras, Eni, and Total, and 12 state-owned oil 
companies. It aims to reduce CO2 emissions in the energy value chain, promote low-carbon solutions, and form a carbon-cycle model. To achieve this goal, the initiative lists activities 
such as the promotion of emission reduction through member companies’ own efforts, as well as research, technology development, and policy proposals by investment funds. 
＊2-4: Please see the column “Methods to reduce CO2” at the end of this document.

• Royal Dutch Shell has captured a total of 5 million tons of CO2 from the Quest CCS 
facility in Alberta, Canada, which produces, among other items, hydrogen derived 
from fossil fuels, and injected them in underground reservoirs. 



２. Global CCS developments 
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CCS, which has traditionally focused on enhanced oil recovery (EOR), is changing and it is becoming more important in controlling 
CO2 emissions. The U.S., Europe, and Australia have been the main players in CCS, but other countries that produce oil and gas could 
come onboard.

Global CCS developments as of 2020

• Twenty-six CCS plants are in operation, while three are under 
construction

- Total CO2 injections of about 40 million tons a year 
- Twenty-three plants handle natural gas, hydrogen, and 

chemical products 
• Details being considered : 13
• Early consideration stage: 21 

*Source: Global CCS Institute–Global status of CCS 2020

Project Country Status Operation 
year/
Planned year

CO2
source

Storage 
capacity
(Ton/year)

Storage type

Century Plant U.S. On 2010 Natural
gas 
processing 

5 million EOR

Petrobras Santos
Basin Pre-Salt oil
Field CCS

Brazil On 2013 Natural
gas 
processing 

4.6 million EOR

Petra Nova Carbon 
Capture

U.S. Off 2017 Coal-fired 
power

1.4 million EOR

Gorgon Carbon
Dioxide Injection

Australia On 2019 Natural
gas 
processing

4 million CCS
(storage only)

Santos Cooper 
Basin CCS Project 

Australia Details being 
considered 2023 Natural

gas 
processing

1.7 million CCS
(storage only)

San Juan 
Generating Station 
Carbon

U.S. Details being
considered 2023 Coal-fired 

power
6 million EOR

The Clean Gas 
Project

U.K. Early
consideration 
stage 

2025 Natural 
gas power 

6 million CCS
(storage only)

Overview of major CCS projects

●Pilot plants going through 
demonstration tests/under consideration

●Pilot plants that have completed
demonstration tests

●CCS plants in operation or under construction
●CCS plants under consideration
●CCS plants being halted



３．JOGMEC’s initiatives (1) -Technical Busines Strategy
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• On July 1, 2020, JOGMEC released the technical business strategy for a Low-Carbon Society. 
• The strategy sets forth three pillars of new technology development.
• We will strengthen our support for CCS business and integrate it with natural resource development 

to contribute to the realization of a low-carbon society (pillar 1). For this reason, JOGMEC on the 
same day established the CCS Group to promote CCS business.

 Establishment of the CCS Promotion Group (July 1)
 Mobilize the EOR, exploration, and facility-related technologies that 

we have worked on for many years and use them for CCS 
business.

(3) Strengthen foundational technologies for
technical evaluation of exploration and 

development projects 

Three central pillars of the new technology development strategy 

(1) Contribute to the realization of 
a low-carbon society

(2) Pursue new possibilities in
oil and gas field development

Support for CCS natural resource development business
Research and development of low environmental impact technology
Creation of new resources from hydrocarbon, and involvement in 
value-chain creation 

• Use CCS technology to support projects with a low environmental impact
• Pursue field studies and examine technical details to build a business model for 

developing low-carbon energy using fuel ammonia as a medium



４． JOGMEC’s initiatives (2) – CCS promotion
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As the core organization for CCS in natural resource development, JOGMEC will promote CCS business. For this purpose, we will utilize 
the geological and reservoir evaluation technology accumulated over the past 50 years and the facility technology accumulated 
through studies and demonstration tests. 

• Further development and improvement of the geological and reservoir 
evaluation and facility technologies owned by JOGMEC Technology & 
Research Center (TRC) to be applied to CCS business 

Technology development

• Implementation of technical validation and CCS business feasibility 
evaluation for field projects in Japan and overseas Application in the field

• Solving CCS business problems of domestic companies and responding to 
technical needs  

• Promotion of fuel ammonia business jointly with domestic and overseas 
companies 

Responding to the needs of 
domestic companies

• Building a network with global CCS organizations.
Cooperation with other 

organizations

Policies regarding CCS promotion



In the evaluation of the feasibility of CCS projects, we will address the following four essential technical
disciplines:

５. Initiatives related to subsurface evaluation technology  
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Site screening and site selection

Site characterization

Modelling and simulation

Monitoring and model calibration

Selection of potential areas 
for CO2 storage from 
sedimentary basins based 
on available geological data 
and regional geology.

Construction of geological models based on 
seismic, well, and core data for the 
quantitative characterization of subsurface 
reservoirs. 

Simulation of CO2 migration
using numerical models. The 
results are used to evaluate 
potential CO2 storage and CO2 
injectivity for the design of CO2 
injection and its forecast. Different COS storage forecasts

according to geological parameters

Observation of CO2 migration with seismic 
and/or well monitoring data, which are used 
to calibrate the numerical model through 
history matching. The calibrated numerical 
model can be used to evaluate the security of 
CO2 storage over a long period of time. 



【Reference】 Fundamental Technology for subsurface evaluation
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The sedimentary environments of the target region are studied based on a 
regional geological survey. Additionally, geometries and properties of reservoir 
and cap rocks are analyzed from available seismic data and well log data, 
respectively. Finally, suitable sites for CCS, which are more than 1 km depth 
from a ground surface/seabed and a sufficient storage capacity of CO2 are 
selected from a sedimentary basin.

Understanding the distribution of the reservoir rock and 
cap rock

Sources:   *1 Madon and Azlina 1999 
*2 Wong Hin Fat 1999
*3 Asiah Mohd Salih and Mohd Fauzi Abdul Kadir 1995 

(1) Screening of target structures for CCS

Source: Global CCS Institute

＜Data Integration＞



【Reference】 Fundamental Technology for subsurface evaluation
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(2) Site characterization

Core experiment using reservoir rock samples

Analysis using rock samples can be 
performed at the laboratory in the 
Technology & Research Center (TRC). 
For example, the multiphase flow in 
rocks can be visualized using medical 
CT to evaluate how much CO2 can be 
stored in the pore space of the rocks 
at high-temperature/high-pressure 
conditions. 

When injecting CO2 into an oil 
reservoir, the effects on an 
increase in oil production can be 
evaluated, in addition to the 
amount of CO2 to be stored. 

Source: Okabe et al. 2008

Source: Hiramoto et al. 2016

Source: Kato et al. 2017

Porosity Permeability

Technology for evaluating underground reservoirs 

Well-logging data (line data along well trajectories) obtained at wells are 
calibrated and revised based on the measured values of the petrophysical 
properties (point data from core sampling points) of the rock samples. The 
spatial distribution of the petrophysical properties (porosity, permeability, 
etc.) are examined in combination with depositional environment and data 
from a seismic survey (horizontal spread).

The spatial distribution of petrophysical properties (porosity and 
permeability) is generated by integrating the core data, well-logging data, 
and seismic data  



【Reference】 Fundamental Technology for subsurface evaluation
8

(3) Modelling and simulation
Forecast simulation of the long-term behavior of CO2 injected into an 
aquifer 

Assessment of the risk of leakage to outside the reservoir

Supercritical CO2(Movable)

Supercritical CO2(Immovable)

Dissolved CO2

After injection, the 
CO2 storage 
mechanisms change 
over time from 
structurally trapped 
super-critical CO2 to 
a solubility trap in the 
formation water. 

Evaluates the risk of 
leakage to outside 
the reservoir 
according to the seal 
capacity of the cap 
rocks.

The CO2 storage capacity and the long-term migration of CO2 are 
predicted by numerical simulation. This numerical simulation visualizes 
the CO2 storage mechanisms that change over time to evaluate 
leakage risks and design injection wells.  

Analysis of change over time in the CO2 storage mechanism 
(From structurally trapped super-critical CO2 to a solubility
trap in the formation water)

Source: Akai et al. 2020 (Under review)

Long-term storage
(after 1,000 years)

Immediately after injection
is halted (10 years later)



【Reference】 Fundamental Technology for subsurface evaluation
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(4) Monitoring/model calibration

Source: Ichikawa et al. 2020

Full Waveform Inversion (FWI）Technology
FWI uses the full wavelet form of seismic data, which significantly 
improves the accuracy of seismic inversion compared to 
conventional analysis.
The method has been tested by a CCS demonstration test in 
Nagaoka (shown below) and the use of this technology at the Abu 
Dhabi onshore oil field. 

Fiber-optic sensing technology
This technology uses a fiber-optic cable installed in a well to allow for 
continuous and highly accurate monitoring of reservoir properties such as 
temperature, pressure, and strain along the well after a CO2 injection.

This has been tested at the Montney tight gas reservoir (shown below) and 
at JOGMEC’s methane hydrate development wells. 

Source: Ichikawa et al. 2020



６．Facility technology initiatives 
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 Vapor-liquid separation
 Water removal
 Liquefaction process
 Steam reformer
 Gas compression
 Low-temperature separation 

equipment

Products (output)

 LNG
 Natural gas (pipeline)
 Hydrogen (liquefied, MCH,

ammonia, pipeline)
 Fuel ammonia

 CO2 separation
• Chemical absorption 
• Physical absorption
• Membrane separation

:(1) DDR membrane

 CCS: transport, storage
 CO2 mineralization
 Methanation
 Chemical manufacturing
• (2) CO2 Reformer (Japan-GTL)

CCUS Technology 

Specifications of products 
from oil/gas fields (input)

 Fluid density 
 CO2 content
 Initial water rate
 Other contents        

(e.g. Water, 
Hydrogen sulfide)

 Relative gas density

Main process, options

We will consider and evaluate the optimal CCS process with business partners based on the specifications 
(input) of various upstream oil/gas fields and the requirements (output) of the demand side. 
JOGMEC will make the best use of its technologies, such as CO2 separation and gas-to-liquid (GTL) 
technologies. 



【Reference】 Facility-related elemental technology 11

Source: 2019 news release | JGC Holdings Corp.

(1) DDR membrane (CO2 separation membrane)

• Applied to separate CO2 from a high CO2 concentration gas in a high-
pressure environment

• The world's largest zeolite membrane element (180 mm x 1,000 mm)
• Jointly developed by JGC and NGK, preparing for a demonstration test 

aiming for commercialization

Traditional process
Requires a process to remove CO2

from gas fields, and to produce 

oxygen

JAPAN GTL Process
Syngas can be produced using 

CO2 as a feed gas

(Maximum CO2 content:40%)

Consideration of a CCUS process using this technology

(2) CO2 Reformer (Japan-GTL)



7. Major projects in progress
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【Project Overview】
• We study numerical modelling on CO2 injection into an aquifer with 

Halliburton using data from the Sleipner CCS project in the Norwegian 
Sea.

• We use the Invasion Percolation simulation model, which is different from 
a conventual simulator used in oil industry, to improve workflow. We will 
seek to create workflow to simulate the behavior of injected CO2 more 
accurately. 

• The results will be published by the end of this fiscal year.

Commercial software used in  JOGMEC Halliburton software

* In addition, we are also considering projects in Japan, Russia, the Middle East, Australia, Asia, North America, etc.

Source: PermediaTM 

CO2 Software data sheet

【Project Overview】
• Under this CCS plan, CO2 from offshore gas fields (CO2 content up to 

50%) in Southeast Asia will be separated and re-injected into depleted 
nearby offshore gas fields.

• A part of the produced gas could be converted to hydrogen and 
transported to Japan.

• Currently, multiple gas field development plans are evaluated in 
cooperation with JX Nippon Oil & Gas Exploration. 

CO2
Injection

High CO2
Gas Fields

CO2
Separation

H2
Production Transportation

Offshore

Onshore

Sales

Pipeline

CO2
Separation

H2

NG

Option

(2) Simulation of CO2 injections into saline aquifer 
（Examination of a new simulation workflow using Sleipner data）

(1) Development of high-CO2 gas fields in Southeast Asia 
with CCS integration



８．Important future themes
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(3) Long-term stability of CO2 storage

It is necessary to verify long-term stability and improve reliability by evaluating the long-term ability 
of the geologic stratum to store CO2, improving the technology for predicting long-term CO2 
behavior, and establishing an appropriate monitoring method.  

(2) Calculation of CO2 reduction/storage, international harmonization

(1) Improving the economic efficiency of CCS business
To improve the economic efficiency of an overall project, it is necessary to reduce the expenses
involving CCS as much as possible through technology development and systemic optimization.

It is important to establish a mechanism for evaluating the CO2 reduction/storage achieved through CCS 
and to internationally harmonize the evaluation method. 
In the future, it will be necessary to establish a certification agency in collaboration with overseas 
resource/energy organizations to help improve the effectiveness and the reliability of CCS business pursued 
by Japanese companies.
For example, Alberta Energy Regulator in Canada, which is under the province’s Ministry of Energy, reviews 
how the CCS operators calculate their CO2 reduction/storage and issues certification.



【Column】CO2 reduction methods 
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CO2EOR (Enhanced Oil Recovery):
Enhanced oil recovery by CO2 injection 

CCS  (Carbon Capture and Storage):
Recovery and storage of CO2

CO2 is injected into oil 
reservoirs to improve the 
mobility of crude oil in the 
reservoir and enhance its 
production. Some of the
injected CO2 is stored 
underground during the 
process. 

CO2 is injected into 
depleted oil/gas reservoirs 
or aquifers to store it for a 
long-time in geological 
formations.

Carbon offset:
The amount of greenhouse gases that cannot be reduced by 
the company’s own efforts will be offset if the company 
supports other organizations’ efforts to reduce or absorb CO2, 
or if the company buys carbon credits.

Example: CO2 emitted 
during oil/gas filed 
development 

CO2

Carbon credits are given to 
companies under a 
mechanism that quantifies 
the greenhouse gases that 
they have reduced or 
absorbed through activities 
in other locations, such as 
forest management, the use 
of renewable energy, and 
the introduction of energy-
saving measures. 

Business support
Funding
(Credit)

Certification of CO2 
reduction

(Emissions are offset)

CO2 injection

Reservoir
Crude oil
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