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Clients’ Expectations

For almost 100 years,
Conserve the Environment
Reduction of GHG emissions

JGC has provided solutions

to meet the various
expectations of

plant owners. CllEI‘It?
Expectations ®
for
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WP Manage Turnaround Activities

Minimize downtime and loss of profit

Shift to Smart O&M
Digital Tool application for O&M




Our Approach

JGC offers the highest quality services pecarbonizatis,

for your plant operations
optimization to solve difficult « Energy Saving in Operation
problems and technical : * Manage Life Cycle CO,

5 . '
issues you confront. Approach to %) Quantify & Reduce GHG

Excellent
« Manage Operational HSE
Risk
« Optimize Fire Protection
« Maximize Profit System
« Optimize OPEX » Ensure Emergency
 Visualize Operations Preparedness

» Perfect Operations Readiness
« Smooth & Safe Startup

Smart O&M Solutions

Reliability & Maintenance

TéCh _ R * Maximize Plant Availability
- Improve Efficiency through Nical Assistance & T * Flawless and Smooth
Digital Technology Turnaround
« Utilize Al Power Combining « Extend Plant Life

Engineering Knowledge



o u r o pe ra t i O n a I &Decarbonization )
EXC e I I ence Decarbonization Program

M . HSE )
Services Map

Operational HSE Risk
Management Program

Fire Protection Improvement
Program

HSE Improvement Program

Application for Risk-Based
Process Safety

_Operation Operational

I
@ Profitability Improvement Excell.e o m — -
Program Services Reliability & Maintenance
4 II::‘?)ntr:)rgeratlon Automation # Mechanical Integrity
9 . ) Program
¢ gfsirfat;?::spl:ce’acrl;ﬁss & @ Turnaround Assistance
] 9 Program
@ Predictable Startup Program 4 Maintenance Improvement
Program

Smart O&M Solutions ¢ =
 Maintenance Digital Twins — (_Technical Assistance & Training )

Program # Technical Assi Servi
¢ Smart Turnaround Management echnical Assistance Service
Program ¢ Training Service

# Plant Al Smartification Program
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Decarbonization

Decarbonization Program
JGC Group provides a large variety of Decarbonization Programs which are

the proprietary GHG)s assessment solution and optimized operation \_HiGHGuard™ (GHG Management Service)

service based on our successful experiences in countless EPC & O&M fields.
(*)GHG : Greenhouse Gas

Life Cycle Assessment / Management
(CO2 Footprint)

Drone

(Plant Overall / Combustion) Satellite

(Plant Overall)

(_ CO2 Removal Solutions

E
=
=
=
=

[ Energy Optimization

Contribution ratio of

mEngineering M Procurement

)
)
)
)
)

(_ Sustainable Combustion & Heating Optimization

coz coz coz2

coz

OGI Camera
(Fugitive leak / o_'—.
\ perating - .
Vent) Handheld Sensor D . E @ n Ng s %;? :
ata Analysis mp 3 - ) /Y
(Combustion / Fugitive leak / Vent) (Plant Ovelr):alll 'Q ann = é = a

Transportation Waste

Operation
Construction pe

Engineering
Maintenance

Procurement

HiGHGuard™(GHG Management Service ) Life Cycle Assessment/Management (CO2 Footprint)

| Permeate collection cell | Non- A External Heating w‘ i Fuel _‘A Taraet
permeate gas i : : 5 3 arg
: ot T
E Heat Recovery g E ngh-Efﬁc iency
- o & System
E Pinch Point £ =
- ATmin = &

Current

~DBR~=TFype
zeolite

Support

DDR ) Membrane (CO2 Removal)
High Performance Separation Technology

(*)DDR : Deca-Dodecasil 3R, A type of zeolite with a specific crystal structure

i ! eat Recovery
I—— .
External Cooling

Duty >

Energy Utilization and Optimization
of Heat Recovery System

Duty >

Optimization of Site-Wide Energy
Usage

Energy Optimization-Pinch

Conventional

Heat/Power Ratio [ - ]

Optimization of Power-Steam
Supply System



HSE

HSE services focus on systematic identification and evaluation of plant risks
based on our long experience in on-site HSE and our own excellent evaluation
methods, and on proposing systems that can ensure safe plant operation
without major CAPEX.

Radiation va Distance for Pool Fire

— Consulting Service

\

Application Product

CoreSafety ®

Quantitative Risk Analysis (QRA)

{ Return to «

OE Service menu

. Service Menu )

Operational HSE Risk Management Program

HSE Risk Management
- HAZID/HAZOP/SIL/LOPA ) /Bow-tie
- Consequence Analysis/CFD/QRA
- Operational Hazard Reduction

Fire Protection Improvement Program
(_ Active Fire Protection Assessment

\_Fireproofing Assessment

(_ Fire and Gas Assessment

HSE Improvement Program

(_ Escape Simulation and Assessment

Hazardous Area Classification (HAC)
Optimization

_ Noise Assessment

Application for Risk-Based Process Safety
(_ CoreSafety®

- O VO “ o U/ S

(*)HAZID : Hazard Identification Studies / HAZOP : Hazard and Operability Studies / SIL : Safety Integrity Level / LOPA : Layer of Protection Analysis



Return to
hability & Maintenance

In addition to highly developed engineering technologies and the application of ¢ Mechanical Integrity Management Program

its safety management skills, JGC O&M service improves plant reliability,

maintenance companies.

availability, and quality by collaborating with global affiliate companies and local A-MIS (Asset Integrity Management)

Plant Life Extension Program (PLEP)

Plant Diagnosis and Lifetime Improvement Service

© Turnaround Assistance Program

L L . . . .
: Turnaround Scope Optimization & Planning
o Low :
St e :
Turnaround Execution Management
(1) External Corrosion (2) Flange Deformation

Analysis Model by Laser Scanning due to Temperature Distribution pemm———
Inspection & Diagnosis

Inspection Data Mar:nagement System Finite Element Analysis (FEA)
A-IS (Asset Integrity Management) © Maintenance Improvement Program

l?~’ ,!,. >

Reliability, Availability, Maintainability (RAM)
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their employee skills and plant operations which significantly contribute to the

profitability and efficiency of their business.

1. Management Leadership
2. Risk Assessment
4, Facility Design and Construction

5. Information & Documentation

Maintenance Operation Emergency
Response
3. Management of Change 11.Incident

7. Mechanical 6. Operation Investigation
Integrity Procedure

12. Emergency
8. Contractors 10. Training Planning and
Response

9. Occupation Health and Safety

14. Assessment & Improvement

Asset & Operation Management Framework

Onsite Assistance

echnical Assistance & Training

Over the past several decades, JGC Group has conducted various engineer
training programs and technical assistance programs at plant sites and remote
locations. Many of our clients have achieved considerable improvements in

© Technical Assistance Service

¢ Training Service

Technical Seminars and Training Class
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. . . . ¢ Profitability Improvement Program
Our engineers have a wealth of plant engineering experience and channel

their expertise through cutting-edge engineering tools to provide \_LNG Cube (Engineering Consultation Service))
profitability improvement services and plant automation program. " AIRLIZE LNG® '
Additionally, we provide expert consultations and recommendations for L (Diagnoses services for HAR®™ optimization)

commissioning and startup, utilizing our extensive knowledge and

. . ¢ Plant Operation Automation Program
experience from numerous EPC projects.

Westher  Opaaing - @0 e (_ Automatics Operation )

Analysis Analysis

Survey

@ Operations Readiness & Assurance Program

(_ Operations Readiness & Assurance )

¢ Predictable Startup Program I;-'» See Details

CASTOR®
(Commissioning & Startup Transient
Operability Review)

Plant Performance

Design Rate (100%) | .. ...  SmoothStart-Up

Typical Plant Performance Curve

. Commissioning Safety

Time

with a wide variety of plants

~ Commiissioning & Startup for
FLNG/FPSO/Module

Feedback to plant design (P&ID Review)

Commissioing schedule development,
critical path identification and optimization

-_— U Gy

safety risk management for plant start-up and
SIMOPS planning

(*)HAR : Hot Air Recirculation
CASTOR®

High-quality Commissioning & Startup Planning Based on a Wealth of Experience
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€ Maintenance Digital Twins Program

INTEGNANCE VR

JGC has developed digital solutions utilizing its extensive knowledge and

experience from long-term O&M support to achieve work efficiency, sustainable

(Fast Digital Twin Maintenance Viewer)

technical transitions, and less manned operations. Additionally, cutting-edge
digital twin technologies accelerate the transition of your conventional operation ¢ Smart Turnaround Management Program

- e Y-,
and maintenance to the next stage. MODS - Connect

® INTEGNANCE (VR

\ : m - ' B == VE-001 Deaerator
% B < — Tsaraol Decrprion e

Pipe Internal Corrosion Al Prediction (Daily Prediction)

Result Al Summary  Back
S e e [ e ]
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¢ Plant Al Smartification Program
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Plant Smartification with Al Technology

LT ITFMIST

Predicting Failure of Rotating Machinery Al TML Assessment



m Operational Excellence Services

Decarbonization

HiGHGuard®
(GHG Management Service)
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GHG Management Service &2 HiGHGuard

Actual measurement (*) OGI: Optical Gas Imaging

Do you have any of these issues? Drone

(Combustion/ Plant Overall) Satellite

(Plant Overall)

@ Need to comply with EU Methane Regulation P>
© Difficulty in quantifying CH, emissions = 5
&) Need to quantify emissions in actual operation <

& Difficulty in selecting appropriate combinations A

of measurement technologies 7,281 Camera
Handheld Sensor Operating Pdfﬂ
(Combustion / Fugitive leak / Vent) Analysis

(Plant Overall)

GHG Management Service

. o Technical evaluation Technical consultation
* Provide optimized MRV(*) methodology. .

* Conduct actual measurement using drones, satellites,
handheld sensors, IR cameras etc., and engineering
calculation.

* Report GHG emission to the authorities.

» Provide technical consultation including Zero Routine B <l
. v" Only company in Asia to v' Zero routine flare (ZRF) study
Flaring (ZRF) study. evaluate methane quantification v Operation optimization
(*) MRV: Measurement, Reporting and Verification tech nology.

© 2026 JGC CORPORATION \ Enhancing planetary health



GHG Management Service

Workflow & Results

° [
L]
Discuss and
propose
appropriate
MRV
methodology

()=
—

Data and
information
collection

Al

Identification of
calculation points
and measurement

points

&,

Conduct site
measurements

Conduct
calculations with
operational data

GHG

emission
reporting

Steps

» Discuss and propose appropriate combinations of measurement

technologies.

+ Identify measurement and calculation points based on design documents.

* Conduct engineering calculations and actual measurements.

* Report to client or government agency with preset format.

JGCis

» able to select the most appropriate MRV methodology from international
organizations and standards/guidelines.

« familiar with a variety of plants and can provide the optimal combination

of drones, satellites, and handheld sensors.

.

@2 HiGHGuard

-

Our Strengths

The only company in Asia to evaluate methane
quantification technology in own facilities (JGC
METEC).

Capability to reliably execute MRV based on the
experience in EPC and O&M of many types of
facilities in many locations around the world.

Experience in MRV of many types of facilities in
several countries.

Professional HSE, Process, Mechanical Engineer
Teams.

Our Background

JGC has been commissioned by Japan Oil, Gas and
Metals National Corporation (JOGMEC) to develop
their guidelines.

The Institute of Energy Economics, Japan (IEEJ) has
contracted JGC as a technical adviser for GHG MRV

© 2026 JGC CORPORATION Enhancing planetary health



Case Study : Quantification of Methane Emission in Natural Gas Production Facilities

Project in Actual Plant

@& HiGHGuard

» JOGMEC/PERTAMINA/JGC completed direct measurement to quantify Methane emission
in natural gas production facilities. (2024-2025)

» Satellite / Drone / OGI Camera / Handheld Sensor have been used in the project.

» Contribute to Pertamina’s Zero-Routine Flaring (ZRF) targets through ZRF study.

:"., R Fet O
N o .
A |

e B

St o o
Minahaki
Area

. - A"".,
G T R

7" Tie-in Point From
_ 4% PP Matindok

CPP Senoro
JOB PMTS

—

Project Formation

S " Measurement and
UPy m qjlting service

Report

5 JOGMEC

—
—

Cooperation

Support for

Measurement ‘

l’

PERTAMINA

© 2026 JGC CORPORATION \ Enhancing planetary health



Case Study : Feasibility Study for Southeast Asia METEC (SEA METEC) @ HiGHGUS! d{ g:::l;l;gct:\ization ﬂ]

menu

(*) METEC: Methane Emissions Technology Evacuation Center
(**) LDAR: Leak Detection and Repair

Feasibility Study for Southeast Asia METEC (7 LDAR: Leek Detection anc

« SEA METEC is a facility designed for LDAR training and the evaluation of measurement technologies, established
by JOGMEC and PETRONAS.
« JGC conducted a feasibility study for SEA METEC based on its expertise from JGC METEC.

 JGC s supporting the establishment of SEA METEC.

NAS I
PET: > nip Centre (PLQ.)

ASCAPE 33 | momeeiala

ASEAN COUNCI)_ ON PETROLEUM

Drone

(Combustion/ Plant Overall) Satellite

(Plant Overall)
PETRONAS-JOGMEC

Collaboration on southeast Asia

Methiane Emissions Technology

Evaluation Centre: (METEC)

WP
& (BE 1 @5\; @
R & - A, § § G-

£ o ] ‘i v i y

/

0GI Camera™
(Fugitive leak / Vent) .
Handheld Sensor Operating .Daiu
Analysis

Combustion / Fugitive leak / Vent
( / Fog / ) (Plant Overall)

https://www.jogmec.go.jp/english/news/release/news_10_00076.html

. Enhancing planetary health

© 2026 JGC CORPORATION
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Life Cycle Assessment/Management (CO2 Footprint)

What is the Life Cycle Assessment (LCA)?

« LCA is a method of assessing the environmental impact of your product
or service throughout its life cycle (or at a specific stage) :

Resource extraction, raw materials, product production, distribution,
consumption, disposal, recycling

« LCA can objectively and quantitatively evaluate whether a product is
"good” or “friendly” for the environment, human health, and society

Advanced Application of LCA (LCM) to ....

& |
Scope 3 c “e High Client Concernon: Concept of LCA

Extraction op
st

S
élcti‘i:czilyfsm.nn W
l % « Environmental Impact
i i _ « Optimized Plant Life Cycle
m %E\ %E\ (Engineering, Procurement, Construction,
cope 3 S

Commissioning, Startup, Maintenance, Manning,
Scope 3 S cope 1 L.
Processing Transportation Manfcture Turnaround, Demolition)

i\

GHG Protocol

I

wv

()
cope 3 Scope 3
istribution Use

=]

m s « GHG Protocol (Scope 1/2/3)

\ Enhancing planetary health
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Life Cycle Assessment/Management (CO2 Footprint)

Case Study : LCA for New Recycling Technology

Using

Virgin Material = - G
(Conventional) \ . . » I o
Process // Spinning _—
Terephthalic Virgin Material Polyester Fiber Textile Incineration
Acid Production (VM) Chip
New
Recycling
Process \
(R-PET) » i - . .
' Process // Spinning ) _
Textile (used) Crushed fiber Recyded Chip Polyester Fiber Textile
| Remove foreign substances I LCA
Outcomes Consumed
* Numerical Results®: Detailed CO2
emissions data for each process stage o " neineraton
o VM-PET Polymerization
* Higher CO2 Reductions: The new recycling £ | l Terephthalic Acid Production
. . . . 3« . = Block Polymerization
process is expected to achieve significantly  § 2o | Recycled DMT Production (incl.
= Waste Residue Disposal)
higher CO2 reductions compared to the pre-Treatment
IE 0.0 ® Transportation
Conventlonal process 213 Avoiding Incineration of Waste
-2.0 ¢ Total
VMPET  R-PET

» Visualization of Hot Spots: Identification
and visualization of high CO2 emission hot
spots

Achievements

« Conference Participation:

* Presented at the Conferences (EcoBalance 2022/24, LCM
2023/25, the Society of Chemical Engineers, Japan 2026)

+ Attended the 8th S-LCA Conference 2022 — Leave No
One Behind -

TR

« CO2 Footprint Calculation:

* Calculated CO2 footprint (Scope 1/2/3) for CDP Report
from 2021

"The scope of evaluation, methods, and assumptions that greatly affect the results, it depends on the implementers and companies

© 2026 JGC CORPORATION

\ Enhancing planetary health



Return to

Life Cycle Assessment/Management (CO2 Footprint) Decarbonization 48\

Case Study : LCA for EPC Business

Outcomes

Life Cycle of Plant Facilities N GHG emissions for procured equipment/materials  * Numerical Approach for Plant Life Cycle: A comprehensive

across multiple projects. assessment is applied to focus on for GHG Protocol scopes (1/2/3)
100%
Procurement & o0% m Other * Real-Time Monitoring: With a data-centric (DX) approach, both
:ﬁ = Concrete structure environmental impact and operational data can be monitored in real
m Steel Struct . . . e e .
m L, |« Se erre time, allowing for the identification of hotspots
= 50% Electrical/Instrument
b 4% Insulation/Paint * Visualization of CO2 Emission Hot Spots: High CO2 emission hot
30% .. . . .
¥ ' - Piping+Valves spots are visualized throughout the plant life cycle
A 10% I I I H Equipment .. . . .
| o || * CAPEX/OPEX and CO2 Emissions Relationship: Understanding the
e o relationship between CAPEX, OPEX and CO2 emissions
emolition GHG emissions from
Procurement phase through to Commissioning
Report for - - - Our Strength
annual GHG emissions oo W e eenmeonts _— _
of a contractor Scope 3 s' Constraction/Commissoning * Broad LCA Expertise: Conducting Life Cycle Assessment (LCA) not only
. S for the manufacturing business but also for the construction industry
0% & é &' —a Constructicn/"Cc.mmis'sioning
— [Pl (incneraton)  Process Engineering Perspective: Utilizing a process engineering
------- O | imi - ssi
Vewr 1 2 3 a5 6 9 8 910 . ITransportat perspective to optimize material flow and reduce GHG emissions
10% 53 Calt | 1 Procurement . . . e . . . . . .
- L IProduction » Advanced Visualization: Capability to visualize emissions using the in-

house 3D maintenance viewer {EgINIRAEINEANIH QISR sce vetais

© 2026 JGC CORPORATION Enhancing planetary health
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CO, Removal Solutions

Challenges for CO2 Capture in Operating Assets HiPACT® - an Innovative CO, Capture Process

Management of Increased CO, in Feed Gas

v Natural gas and associated gas quality varies over
the life of oil and gas fields.

v Unexpected increases of CO, in the feed gas
requires additional CO, capture units or
enhancement of the CO, capture performance.

co,

i R o R " % sendal
HiPACT

=

DDR Membrane - High Performance Separation
Technology

‘ Permeate collection cell | Non-
the new unit or expansion of the unit. _pemeats gas

Limited Space and Utilities
v’ Limitation in the available space to accommodate

v Limitation in the available utilities to operate the
CO, removal unit (CH4 CBZ)

~DBR=TFype
zeolite

Support

Membrane cell

i
© 2026 JGC CORPORATION Enhancing planetary health



CO, Removal Solutions — DDR Zeolite Membrane

DDR Zeolite Membrane m Application
« Natural Gas Processing (CO, removal in CO, rich gas fields)
L Technology « CO, recovery from associated gas for CO,-EOR® projects

« Technology jointly developed by JGC and NGK " EOR: Enhanced Oil Recovery

« World's largest zeolite membrane element Natural gas sales gas
Membrane [~ Hc (+CO2)

Hydrocarbon + CO,

m Advantages
. Permeate

« Enhanced separation performance hydrocarbon loss > CO2 (+HC)

= minimal hydrocarbon loss

- Tough under high pressure, high CO, concentration higher HC recovery rate

”

increase in revenue

conventional DDR
4

B Technology Development Status
- Field tested at U.S. oil field (2017, completed)
« Commercial scale field test at U.S. oil field (from 2020)

Details of the technology can be found at:
https://www.jgc.com/en/business/tech-innovation/environment/ddr-

membrane.html

© 2026 JGC CORPORATION \ Enhancing planetary health

= longer membrane life

Sales gas
production
[mmscfd]

- Significant lifecycle cost saving (20-30%)
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CO, Removal Solutions - HIPACT®

HiPACT® - CO, Capture Process B Reduction of initial investment and
reduction of operating costs

®m Technolo
9y by high pressure CO, stripping process

« Chemical absorption process, using newly developed

absorption solvent (jointly developed with BASF) P hont co
m Advantages
Absorber Regenerator,

« Highly stable against thermal degradation

-
hal >
e =

« Enables high pressure CO, stripping, leading to Conventional  HiPACT®

significant energy and cost saving (25 to 35% reduction) @ @ __C‘:“"_’e_“':“_“af___.
Natural Gas_,— = Conventional H|PACT® barA

« Reducing the number of compression stages, optimizing with €O, | Regenerator Pressure[bar-A] 200 —

the space TJJ Conventional -~ HIPACT® CCS/CO,-EOR
110 160 (CCus)

Acid Gas Removal Unit

- ® Regeneration bottom
HiPACT temperature [°C]

Details of the technology can be found at:
https://www.jgc.com/en/business/tech-innovation/environment/hipact.html

© 2026 JGC CORPORATION \ Enhancing planetary health
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CO, Removal Solutions - flue gas (e.g. gas turbine) [ Decarboniztin 4\]

menu

JGC and SLB Capturi initiated strategic collaboration dialogue.

ip combines JGC's regional project
trength with SLB Capturi’s modular
pture technology

reloping efficient, lower-risk pathways to
or hard-to-abate industries

LSiD Capturi

3 industrial decarbonization in APAC

O Applied to hard to flue gas in abate industry: Cement, Biomass Power, Waste Energy
O The solution contributes to GHG reduction in FPSO (e.g. CO, capture from gas turbine flue gas)

O There is a dedicated design concept suited to offshore application.

© 2026 JGC CORPORATION
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Energy Optimization

. Our Approach
Do you have any of these issues? PP
Pinch Technology Operation Improvement
& How to reduce energy consumption? ol oy 2" = Optimization on producion
. . . targeting gn:faair;nutl ity facilities
@ How to eliminate equipment bottlenecks? = Study on modifcation ideas peret

(9 What kind of equipment should be updated
to improve efficiency?

Advanced Technologies

Equipment Effectiveness W Binary power generation

[
| Efficiency diagnosis of rotary Energy storage system

machine and combustion
equipment

What IS OUr service ? B Studies on equipment renewal

B High-efficiency heat pumps
B Chemical heat pumps

+ Equipment Effectiveness: Diagnosis to identify the efficiency Optimization: Unit to Plant-Wide Level

of existing facilities to be improved and suggestions for types
What is Pinch Analysis?

of equipment to be modified.
Systematic and Visualization Methods to Identify the Target

* Pinch Analysis: Identify heat recovery target and create
solutions such as heat recovery networks that balance the
trade-off between investment costs and energy savings.

* Operation Improvement: Studies on unit operation and utility
facilities modifications to improve energy efficiency.

>
>
>

External Heating el
; arg

Heat Recovery

Pinch Point

Temperature
Temperature
Efficiency [ -]

Current

Conventional

. E:ﬁl Cooling C___CW/AR ___}
* Advanced Technology: Studies and proposals on the Buty > Heat/Power Ratio [ - 1
i i iah-effici i Energy Utilization and Optimization of Site-Wide Optimization of Power-
introduction of high-efficiency equipment and new heat Optinmization of Heat o oo o o

Recovery System

recovery technologies.
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Return to

Energy Optimization Decarboniaton 4

Workflow & Result Our Strengths
« The proven and successful experiences in executing similar
i —
: : consultancy services.
Data
Collection « Extensive technical knowledge and know-how for energy and
. - water conservation.
L e

» Qualified professionals.
» Collaboration between oversea EPC-capable group companies
and out-sourcing for consultancy services.

Plant Data collection(Operating Data, Climate Data)
Analysis and diagnosis

Modeling for Pinch Analysis, and Targeting

Prioritization of solutions into tree categories as Phase-|
As Phase-ll, detailed study to materialize the investment

solutions proposed in Phase-|

5 0 + Petroleum Refinery 26 11
6 4

Petrochemical

Our Experiences

Chemical 5 =

: Phase-ll °
2, S Projects s -
Fhase-1 Stud
o udy

Targeting

Investmen
t solutions

Systematic t
Approach :
© 2026 JGC CORPORATION ) Enhancing planetary health

» Contributed to over 50 projects in various phases (FS, Pre-FEED, FEED,
EPC, Revamps) for Petroleum Refinery, Petrochemical, Chemicals, etc.

* We are certified by a national oil company as an energy consultant.



m Operational Excellence Services

Decarbonization

S,
oy <
[ ) [ J o ti I
Sustainable Combustion & 02 Excellence
%’3 Services
(V)

Heating Optimization

Achieving stable heater operation and reducing carbon emissions

Contact Us
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Sustainable Combustion & Heating Optimization

Do you have any of these issues / challenges ?

&) Frequent trips, tube damage, or unstable heater operation

& Pressure to reduce CO, emissions and meet CI®) targets

) Difficulty in identifying root causes of incidents

&) Integration of multiple fuel networks

&) Transition to electrification and reduced fossil fuel dependence

) carbon intensity

Our Solutions

* Identify optimal decarbonization pathways
(efficiency improvements, hydrogen, electrification)

« Evaluate combustion and heating system performance
(flame stability, NOx, flashback, control philosophy, fuel systems)

» Perform root cause analysis
(based on operational data and incident history)

 Identify bottlenecks and engineer practical retrofit solutions

(based on design and operational data)

* Implement solutions and ensure no recurrences

(engineering, modification, and operational improvement)

......

B840 pas | | mae it Vo Pt e m

i e .

Now S ¢

- o

e /

% e
®e
e _

Operating Conditions Fluid Behavior

Assessment Assessment

Detailed Tube Damage Assessment

Driving the Transition to
Sustainable / Stable operation

© 2026 JGC CORPORATION \ Enhancing planetary health
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Sustainable Combustion & Heating Optimization

How We Deliver Sustainable Heating Optimization

Example 1
Heater Improvement

Operating
Data Review

Practical Solutions
it

Stable
Combustion

Assess

Understand system
constraints

v
Analyze

Identify root causes
and gaps

v
Solve

Design practical
solutions

v

Sustain

Ensure results
in operation

Example 2
Decarbonization

Fuel & constraints

=n

CO, Reduction
Potential

(o2 §

H. / Electrification
Options

‘;‘«

Combustion
Transformation

Our Strength

End-to-End Delivery from Analysis to Execution

Deep expertise in combustion and system interfaces
Integrated engineering across combustion, process,
and advanced analysis (CFD, simulation)

Extensive retrofit know-how for existing facilities
Practical solutions as an EPC contractor, covering
entire plant systems

End-to-end capability from study to FEED and EPC

Our Experiences

100+

Cases

Evaluation, Improvement

100+

Plants

Evaluation, Improvement

and Troubleshooting for and Troubleshooting cases

IOC and NOC customers

© 2026 JGC CORPORATION Enhancing planetary health 30



Return to
M 2 2 2 2 2 Decarbonization
Sustainable Combustion & Heating Optimization Decar "\J
Case Study : Furnace Tube Overheating (Root Cause Analysis and Optimization)
Issues / Challenges Assess & Analyze
Client : Oil & Gas Company in Southeast Asia Root Cause Analysis from Multi-Angle
Equipment : Reboiler Heater (Box Type) ermal behavior w behavior / CFD analysis
Issues . HOtSpOt on tube tOp and tube lea kage (buI[< & film tem[?erature — |local vapf)r.ization risk) (vapor a.ccuEnuIatio? and dispersion)
(Failure Risk and Operational Instability) @"d properties & feed condition terial integrity
. . . . (crude characteristics, impurities, upstream effects) (corrosion, metallurgy suitability)
Request . ldentify root cause and propose modification plan
Sustain Solve
Practical Modification Plan Root Cause : Vapor on Tube Top L —
P ,
. : : : ” Soluti

Modified tube configuration results in; | ” ——— —+ oution

B Vapor layer suppressed _2:: 4 Reduce tube diameter

B Hot spot eliminated | a——— to suppress vapor layer formation

Il
<o

Identified root cause and delivered a practical solution enabling stable heater operation and improved profitability

© 2026 JGC CORPORATION \ Enhancing planetary health
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HSE Risk Management Services i}
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HSE Risk Management

Do you have any of these issues?

Hazard Potential Hazards Previous Hazards
@ Formalizing facility safety Assessment General Process fincidens/HearMizses)
&) Revalidation of facility safety Hazard Identification . wazo || wazor | | 2 l.
& Process and operational safety concerns Quamatve | wazp | | wazor | | OHR * l
. ° Risk i-
&) High insurance fees e [ LOPA

Quantitative Consequence Analysis / QRA I

HSE Risk Management Solutions

* OHR : Operational Hazard Reduction Study

« Formal Safety Assessment
* Quantitative Risk Analysis (QRA)
* Hazard ldentification (HAZID)
» Hazard and Operability Studies (HAZOP)
» Layer of Protection Analysis (LOPA)

« Bowtie Analysis
« Consequence Analysis, CFD Modeling
» Operational Hazard Assessment/Reduction Study

Combination of Desk-top Study and Workshop

* HSE Management System Review

© 2026 JGC CORPORATION Enhancing planetary health



HSE Risk Management oo ™ |

Workflow & Results Our Strengths

* Professional Safety, Process, Control, Mechanical, Operation and
Maintenance Teams

Concept of Safety in
Design

HAZID Hazard
HAZOP id -
Hazard Register Identification

Safety Philosophy

* Top global experience of EPC execution and Consultation

Plant types - Refinery, Gas Processing, LNG, Chemical
Plant locations — Onshore, Offshore
Clients — 10C, NOC
* Huge record of HAZID/HAZOP/LOPA/QRA and Operational
Hazard Reduction
» CFD Analysis Specialist for detail simulation

Fire Risk Analysis
Explosion Risk Analysis Risk Analysis
QRA

ALARP Study ALARP Demonstration

Our Experiences

20+ 500+

I;owtie Diagram - caSes caSES

Visualization of Threat,
Consequence and

Bowtie Analysis

Barriers and Recovery
Measures

Define Safety Critical
SCE&PS Element and
Performance Standard

. 20+ HAZOP revalidation, OHR, and 500+ Process safety plant design
HSE Risk Management System / HSEMS development 7P ’
Safety Case

[

© 2026 JGC CORPORATION Enhancing planetary health



m Operational Excellence Services
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Excellence

Active Fire Protection Assessment Seruices
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Active Fire Protection Assessment

Do you have any of these issues?

@ Fire and explosion incidents
&) Modification of facility
o High maintenance and inspection cost

&) High insurance fees

T
] =
Foam Extinguisher System Monitor Protection Water Spray Protection

Active Fire Protection Assessment Solution

» Re-evaluation for facilities based on credible fire scenario
and codes and standards
* Fire scenario simulation based on identified fire scenario

» Fire fighting system evaluation by:

* Hydraulic calculation

* Fire water monitor coverage assessment
« Foam system performance evaluation
* Etc

Example of Jet Fire Risk Contour

© 2026 JGC CORPORATION \ Enhancing planetary health



Active Fire Protection Assessment Ry

Workflow & Result Our Strengths

*  Professional Fire Protection and Analysis Teams

« Top global experience in active fire protection design and application from EPC
execution
Plant type - Refinery, Gas Processing, LNG, Chemical

—>] —>4 —> . .
Identification overag T — Plant location — Onshore, Offshore
Analysis - Hydraulic Client — 10Cs. NOCs
calculation '
Code and Standards — NFPA, API, BS, etc.

»  Strong relationships with global firefighting equipment suppliers

Fire Hazard Scenario + *  Analysis software — Phast (DNV), FLACS (Gexcon), in-house simulation,

Fire Water Monitor Coverage Assessment

Our Experiences

Radiation vs Distance for Pool Fire
o fre (is 4 5m)

R
| 20 500
Studies Cases
Fire Hazard Simulation Visualizing Monitor Coverage in 3D model Fire water monitor coverage Active fire protection design
assessment 20+ studies. 500+ cases

© 2026 JGC CORPORATION \ Enhancing planetary health
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Fireproofing Assessment

Do you have any of these issues?

& Is Our Plant Really Safe from Fire Hazards?
& High Maintenance Cost for Fireproofing
) Compliance with Latest Standards?

Fireproofing Assessment Solution

« Evaluation of existing fireproofing based on identified
fire hazards and latest standards.

 Identification of critical fireproofing improvement
points.

« Optimization of fireproofing by fire risk assessment and
structural redundancy analysis.

» Recommendations of cost-effective improvement
solutions.

Evaluation of Existing Fireproofing

Deterministic method
>International Codes and Standards
>Local Regulations

>Fireproofing Application

Conventional Method

Fire Risk X Redundancy @ Cost-Effective
Analysis Analysis ~  Improvement

Latest Method

© 2026 JGC CORPORATION \ Enhancing planetary health



Fireproofing Assessment Ry

Workflow & Result Our Strengths

*  Professional Fire Protection, Structure, Material and Analysis Teams
« Top global experience in fireproofing design and application from

Fire Hazard Site Survey Structural . .
Scenario | & > Redundancy N fOSt'EffeCth: EPC execution
Identification Gap Analysis Analysis mprovemen Plant type - Refinery, Gas Processing, LNG, Chemical

Plant location — Onshore, Offshore

Client - 10Cs, NOCs

Structural Redundancy Analysis Codes and Standards — NFPA, API, BS, etc.

> JGC original method to optimize fireproofing based on API RP 2FB *  Strong relationships with global fireproofing material suppliers

* Analysis software — Phast, FLACS, STAAD.Pro, Abagus, etc.
Original Approach \
2D

/ Conventional Approach \ /
RSEIRY EIRN Our Experiences
N .
Plants Cases
Fireproofing on Red Structure Fireproofing on Red Structure Only Fireproofing assessment service for Fireproofing design 500+ cases
(All load bearing structure) @Iy critical structure for mtegrlty 3+ plants.

Significant Reduction of Fireproofing / Justify the Available Fireproofing

© 2026 JGC CORPORATION \ Enhancing planetary health
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Fire and Gas Assessment

Do you have any of these issues?

@ Insufficient Fire and Gas detector coverage
& High Maintenance Cost of fire and gas detectors
& High Insurance Fees

Gas Detector Plant are Covered by Fire Flame Detector
. . and Gas Detectors
Fire and Gas Assessment Solution

« Evaluation of facility and gap analysis

 Identification of credible fire and gas leak hazards

» Conduct fire and gas mapping study to ensure the
effectiveness

« Safety improvement by appropriate fire and gas

detector placement

Evaluation of Facility Fire and Gas Mapping Study Technology

© 2026 JGC CORPORATION \ Enhancing planetary health




Fire and Gas Assessment

Workflow & Result

Site
Survey Fire and Gas
+ Mapping
Gap Study
Analysis

Fire and Gas
Leak Hazard

Cost-Effective

Scenario Improvement

Identification

Mapping study
One of the methods to analyze the effectiveness of fire and gas
detectors, and optimize detector location

Before Optimization # After Optimization

Same quantity of gas detectors --> Better coverage (wider green area)

© 2026 JGC CORPORATION

Return to «
[ HSE menu ]

Our Strengths

*  Professional Safety, Instrument, Process and Analysis Team
* Top global experience in fire and gas system design and application from EPC
execution
Plant type - Refinery, Gas Processing, LNG, Chemical
Plant location — Onshore, Offshore
Client — 10Cs, NOCs
Code and Standards — NFPA, API, BS, etc.
* Relationship with global fire and gas detector suppliers
*  Analysis software — Detect 3D(Insight numerics), Phast (DNV), FLACS(Gexcon)

Our Experiences

30+ 500+

Mapping Studies Cases

Fire and Gas Mapping Study
Experience 20+ Studies

Fire and Gas Design 500+ Cases
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Escape Simulation and Assessment

Do you have any of these issues?

4 )

pi;j = N exp(kpD;;) exp(ksS;;) pi (i, Npw

@ Insufficient escape and evacuation plans

_ | Sij + Static floor field ks : Effect of Static floor field
@ Maintenance plan without safety considerations |""7]\/T""/| D, : Dynamic fioor field  k : Effect of Dynamic floor field
1 p; (i, j): Effect of direction p,, : Effect of walls
J

& Many modifications in the facility -

\ Human Escape Model /

Escape Simulation and Assessment Solutions

+Characteristics of Plant Facility

« Evaluation of current escape route by specialized
escape route simulation program.

 Identification of critical points (bottlenecks) in escape
route plan

» Provide improvement plan of escape route

» Escape simulation in accident scenario

» Provide safe maintenance plan (location of

maintenance, number of maintenance persons,

barricade plan in maintenance period) Specialized Plant Escape Route Simulation Program
(developed with the University of Tokyo)

© 2026 JGC CORPORATION \ Enhancing planetary health




Escape Simulation and Assessment et |

Workflow & Result Our Strengths

» Professional Safety, Operation and Maintenance Teams
R R N | : i « Top global experience in escape route design and
Plant type - Refinery, Gas Processing, LNG, Chemical
Plant location — Onshore, Offshore

lTIT‘TI Client — 10Cs, NOCs
!LL'_ ; — * Specialized escape simulation program developed with
EEE the University of Tokyo. Research article is available in
“Chemical Engineering Transactions (CET) Journal Vol
OUTPUTS 90(2022)"
1) Improvement Plan
v Modification plan of escape route to enhance safety for Our Experiences

operators in normal situation and accidental situation

2) Visualization of Escape Behavior

. L Plant and Escape Route
3) Maintenance Plan considering safe operator escape . P 5 OO + C ases
v" Maintenance activities in same location Design Cases
v" Number of maintenance persons

v Barricade plan

© 2026 JGC CORPORATION \ Enhancing planetary health
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Hazardous Area Classification (HAC) Optimization

Do you have any of these issues?

& Cannot use unclassified electrical devices at site
&) Many manual works for inspections and recording
(9 Increased cost for inspections and recording

HAC Optimization Solution

* Optimize the hazardous area for unclassified electrical
device with International Standards (IEC 60079-10)

» Based on the detail analysis, the classified area can be
reduced or optimized

{i‘ﬂ!’l' Wil

%63

» Propose a plan to use unclassified electrical devices to
minimize the accident risks

HAC for permanent items HAC for portable items

Hazardous Area Optimization for temporary use of unclassified electrical devices

© 2026 JGC CORPORATION Enhancing planetary health



Hazardous Area Classification (HAC) Optimization

Workflow & Result

Hazards
Fa cility Evaluation HAC . Plan
Information Optimization Preparation
Collection HAC
Evaluation

» Collection of facilities information

» Evaluation of existing hazardous area classification

» Evaluation of potential hazards' magnitude

* Optimization hazardous area classification considering not
only hazardous area classification requirements but also
potential impact in case of ignition

* Preparation of plan for use of unclassified electrical devices

Return to *
[ HSE menu ]

Our Strengths

» Professional safety and electrical engineers for not only
hazardous area classification but also risk assessment

« Top global experience in hazardous area classification design
Plant type - Refinery, Gas Processing, LNG, Chemical
Plant location — Onshore, Offshore
Clients — 10Cs, NOCs

» Wide knowledge of international standards such as, IEC, IP, E|,
API, NFPA, JIS, etc.

Our Experiences

Hazardous Area

500+ Cases

Classification Design

Experiences

© 2026 JGC CORPORATION \ Enhancing planetary health
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Noise Assessment EIVANE:=

Noise contour map

Do you have any of these issue?

High
) Noisy work environment
%) High cost noise mitigation for noise emitters
&) Need for consulting partner for noise Sound
Pressure
assessment Level
Noise Assessment Solution I
Low
* Through noise survey; Example of noise mitigation plan (Acoustic insulation)
> ldentify noise sources ETIRETTEUEH  RmE
'! Vit Frrcyog | T » W/ A% iR :‘”“l P —

» produce noise contour maps before and after
noise mitigation plans
* Propose most effective and cost-minimum noise
mitigation plans based on result of noise simulation
« Verify the effectiveness of noise mitigation plans

Before After

© 2026 JGC CORPORATION Enhancing planetary health



Noise Assessment EIVANE:=

Workflow & Result Our Strengths

Assessment * Experienced with noise assessment/control technologies for

. domestic and overseas customers for many years, and solved
Goal setting

v
Noise survey & Analysis

various noise problems

» Provided services for noise survey, evaluation, planning of
countermeasures, and confirmation of effectiveness after

v implementation of countermeasures
Identification of noise sources

Our Experiences

Mitigation Planning

Proposal of practical noise mitigation plans [€¢===1
; - --
: Cases Years
Implementation I
|
Implementation of noise mitigation plans | Noise assessment/control We; have been accumulating
I technology for 600+ cases. noise assessment/control
4 : technologies for more than 50
o . . years through EPC businesses
Verification of effectiveness =l and consulting services.

© 2026 JGC CORPORATION Enhancing planetary health



Noise Assessment PILAN o | e, |

Regulatory Inspections Noise Measurement and analysis

. . “'W k
We provide prompt and accurate measurements and analysis "!\_“\

of site boundaries and neighborhood measurements for
regulatory inspections, as well as equipment, piping, and
indoor measurements within the plant site.

> All Inclusive (Noise maps & Proposal)
Measurement results are shown as noise maps, and

proposal of variety of noise mitigation measures are

included. Conventional measurement Noise monitoring

> Latest Measurement Technology

In addition to the conventional noise level

measurement using a sound level meter, we offer the

best measurement method such as measurement

JW*ﬁ

system using a tablet, cell phone or unmanned noise e, IS =

L . és%aﬁ:ﬁ
monitoring measurement with the latest technology. = mlm, T S .:.;;|“‘ o
We will propose the most suitable measurement I
method for each client. Tablet measurement system Noise analysis
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CoreSafety ® -Risk-Based Process Safety Application = CoreSafety

Risk Dashboard

Do you have any of these issues? e end N E

Disaster risk [times/year]

« Only limited persons know where PHA® data such as o 5 : W——
HAZID, HAZOP, LOPA( is stored ———_ | 3 Plant specifc 2T fomcme
« PHA data is not actively used for optimization of e : L’Z%L‘J”e"““°"a'r,,ant0 ii’:iif%'p”';i?a‘% Data
asset management program w______ o |8
- Risk profile of facilities is not shared in organization - “:m qu} : -
TP P BBl i e e e _
Functional Features LOPA : Layer of Protection Analysis :T:: :%H Bayesnan“Update
CoreSafety ®, one of JGC in-house application, can
summarize and register PHA results to visualize Risk Fau“::hed::: s oot st e G st coman T
Profile, and easily accessed through a web browser B ———— e
« Risk Dashboard Outline of a risk scenario -
« Up-to-date risk by Bayesian Update(**" yvry e B —
* Fault Schedule (i-e-: hazard regiSter) c""::‘::;"‘e " f“’e”“’ o - Contribu':::esqz:; risk scenario (i.e, failure rate of initiato::wﬁimsw Res'd";'{?;klé"mewea']
* Functional Requirements' management tied :::::::s c Rl:;?:::lilriitzkgi;::ie!:x ‘c):n(s’::q:aezgeo:yspaef?gat;::;slgconomic loss, Envirgﬁri%
with risk scenario L il ik .| Functional Requirement of the initiator and safeguards ' Measures

for reducing the risk ( i.e., maintenance plan)

» Safety Performance KPI monitoring

(***) A statistical method that updates the probability for a hypothesis as more evidence or information becomes available.
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CoreSafety ® -Risk-Based Process Safety Application = CoreSafety

Implementation of Smart RBPS (Risk Based Process Safety) Advantages of CoreSafety ®

T — EE——— O&M based on Risk Profile : + Assured by Collaborative Research Projects:

; (Hazard Register) Key Point ® : Smart RBPS methodology taken in CoreSafety is assured by a
mmemm O ggiasf!tia!;;esﬁztjﬁc collaborative research project involving academia, regulatory
E Y Tv— GE CRCztion[icoC o bodies, and industry in Japan.

— A-
: - Implement to Obtai tional d . . o . .
5 } < } s } Maintenance \ ‘ dircriere Risk Profile Library:

Program

. Use in emergency Gather KPIs : 1. Based on our experience
HAZOP ® drills . . .
:  (Fundamental LOPA Transfer Risk Data info i N : Be built on extensive Process Safety Management (PSM) and
. Risk Scenario (Detailed Risk i . . . . .
: Information for Assessment) nggj:g;?gggﬁ . : Process Hazard Analysis (PHA) experience in global Oil & Gas,
. LOPA) 1 . . . .
: : Chemical, and Nuclear industry projects.
* Key Point © Key Point @ Key Point® Key Point @ . . .
» Hazard Identification  Basic failure rate data Results, Assumed Functional T ; ; : . 2. Standardized Profiles
= considering Risk sets and golden rules Requirements and Operational Visualize risk profile obtained by risk : . . . . . .
: (Lower Frequency/ Conditions in LOPA are to be assessment to optimize O&M daily work : Provides standardized risk profiles for various equipment
= Higher Consequence) summarized in a register management : . .
. : types (e.g., pumps, fractionation columns, drums).
E Covered by Functions of CoreSGfeT\/ (*)HAZOP module is under development . 3. Efficient Assessment
LSS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE=- e s IEEEEEEEEEENEEEEEEEEEEEEEEEEER [

Enables efficient risk assessments without needing detailed

design information.

Commitment to Process Safety

e.g. ) Two Phase Separator
Standardized P&ID and Risk Scenario
are available for risk assessments

CoreSafety® can associate O&M with
Managing Risk Sseee  RBPS elements(**) and manage risk
profile efficiently

Understand Hazards and Risk

(**)RBPS Elements are suggested by AIChE CCPS (American Institute of
Chemical Engineers Center for Chemical Process Safety)
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CoreSafety ® -Risk-Based Process Safety Application e N

User Benefits

w©

q,e?°"‘€ PHA by Excel/Paper pet

Implementation CoreSafety

RBPS's cycle is improving

Actual Benefits of adopting CoreSafety ®
’j”.mﬁ ‘ ‘SF’ o e H ’::: Risk Trend Risk Matrix
| i == Achievement of ALARP(") Decision for
_ = |, .- Higher Risk Items
925 iy | ‘5*’ e :;_ %% snn s san ) | (*)ALARP : As Low As Reasonably Practicable

(Category or Frequency) ||| Date: Description Probability_| (per yea

Risk Highlight
azyb azsbo 3

Improved Response and Procedure for
Safety Critical Alarms by efficient training
utilizing CoreSafety®

Risk Dashboard

vk

L]
INT

- 09 High Integrity and Reliability of Equipment
- - [ i | and Safety Systems
- Iz = * Visualizes Risk and Optimizes O&M Enhanced Risk Management at
i Tasks MOC and PTW

» Brings "Risk Data” to the center of
RBPS Management System.

(**)MOC : Management Of Change, PTW : Permit To Work

Sophisticated Emergency Planning for

Designated Process Incidents
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Risk-Based Inspection(RBI)

Do you have any of these issues? — ;gwm
£ e Llal R A

@ Many Reliability Incidents e . R et D

& High Maintenance and Inspection Costs B | T e e | o e

D) High Insurance Fees " e $ >
L ?;; :’f”i .

< P—O07 P-0DB
E—qpg,_ E-0084-0

RBI Solution

Corrosion Loop Marking

« Determine Risk with probability and consequence of failure

, / Unacceptable
. .. . . . . High Risk
 Prioritize and effective inspection based on risk assessment _ Sl |ALF
Year of Risk Assessment 4 Years Later \‘x\\v&o@ .
to static equipment, piping . ) «
» Improve reliability while reducing maintenance & inspection ‘ : - 1
3 _’3 A B = D E
costs and insurance fees : F : cl |
1 C 1 | \\%@\\\ P
A B c D E A B c D E \\?}-O \4’ A
7 T RISK
3 ‘ 1
2 L
1 C
Risk Matrix Assessment A s < 5« L= ]
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Risk-Based Inspection(RBI)

Workflow & Result

()] ]
—
Data and
information
collection

y Consequence
of Probability

1 Likelihood of
iti| Probability

EH L

Risk Ranking
in Risk Matrix

Inspection
Planning

- Evaluation of the Potential Risks

- Development of Inspection Task Plan

- Development of Computerized Maintenance and Inspection System

- Development of Integrity Operating Window

More

Reduced
Inspection
Cost

Less

Before RBI

Improved
Reliability

After RBI

(Asuanbauq x junowy)uondadsug

Low

I High
Risk

Risk

A

Acceptable limitation

i Inspection
1

1 1
i Insp%ectio

2037

Reduced inspections and cost cuts with RBI

© 2026 JGC CORPORATION Enhancing planetary health
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Maintenance menu

Our Strengths

» Professional Process and Material Engineer Teams

* Global experiences and performances on risk assessment,
inspection planning, on-site Inspection.

* Integrating JGC's many years of inspection and plant design
experience to achieve lower inspection costs and longer plant life

* Collaboration between overseas EPC-capable group companies
and local maintenance companies.

Our Experiences

Worldwide 15+

Achievement Projects

RBI Experience in Far East, Refine.ry, GTL, G.as Processing,
Middle East, Southeast Asia, Gas Oil Separat!on, FLNG,
Africa, North America LNG, LNG Terminal
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A-MIS (Asset Integrity Management)

A-MIS Share A-MIS features and Benefits

Management of Engineering Data for Equipment & Piping

9 0 % m—?’ﬂn Better asset data management !

v N\ Thickness Inspection & Non-Destructive Inspection Planning

Selected in Japan

Il -

Effective work planning !

"\\Visual/Non-Destructive Inspection Recordings

Advanced Maintenance Inspection Support System

Easy inspection data management and generates report !

Countries
- =\ Historical Thickness Inspection Data Management
=&))L Automatic corrosion rate calculation & remaining life assessment !
< Trending graph and effective visualization !
1 2 8 m Web Version
Xt Web based and connectable with CMMS (SAP, etc.) !
Plants Site Work Assistance by mobile tool !

Quality data source for further improvement(RBI, etc.) !

© 2026 JGC CORPORATION \ Enhancing planetary health



A-MIS (Asset Integrity Management)

A-MIS will solve your problem!

Voice of A-MIS Users

@ Able to reduce more than 50% MH and expenses and increased
efficiency. | will highly recommend this system.

Do you have any of these issues?

@ Many asset integrity issues (e.g., leaks) Al
@ Missing asset information, docs, inspection‘records“

I . How useful! A-MIS can visualize equipment, piping condition directly
@ Unsure how to utilize inspection data on drawing. | wanted to know A-MIS system earlier.

@ Unsure of asset condition (e.g., remaining life) © A-MIS makes us find suspicious inspection point easily. Reliable data

@ Leave inspection matters to contractors made it possible to plan next inspection more accurately. Now | can
cut out excessive cost for maintenance inspection work.

A-MIS developed with our experience and users’ feedback! ¢
Implementation Steps and Our Strength
* Cleansing Data * A-MIS Set-up
* Develop initial data plan / *Initial data input

*Insp. plan & procedure * Data migration

v Full range of Asset Integrity Management Risk v Digitalized historical data stored in
Assessment, Inspection Planning, Corrosion A-MIS for better asset management.
Management, Shutdown Inspection Support, etc.

\/Experts of asset integrity
management, unlike an IT vendor.

© 2026 JGC CORPORATION
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A-MIS (Asset Integrity Management)

Effective Case

—
BEFORE ———

It took time to gather past inspection reports by years from every
location which comprised the base documentation for planning
maintenance and inspection work.

Handwritten reports were in different formats in different years
and the inspection points were not fixed which made it difficult to
determine the thickness reduction trends and their causes.

It was unavoidable to expend a lot of man-hours and expenses
for planning the maintenance and inspection work.

sously P1ESAE D WL

cus
« RADIOGRAPHY TESTED WELD JOINTS

= EXISTING WELD JOINTS

Reliability &

Return to
Maintenance menu

! " by
3 =
‘ e

AFTER ‘&

With the introduction of A-MIS, the necessary design data can be
accessed instantly, and by inputting measurement results, the
thickness reduction trend, corrosion rate, and remaining life could
be instantly determined.

In particular, the thickness trend graphs brought up questionable
results. Comparing trend graphs, measurement tables, and
design data exposed that inspection points had not been fixed
and led to setting the fixed annual measurement points after that.
This enabled more accurate inspection results to be obtained,
leading to more appropriate and efficient work planning.
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Plant Life Extension Program (PLEP)

Do you have any issues about plant materials ?

Example of issue:

@ Plant Aging Furnace tube bowing
Approaching the lifespan, material degradation is accelerating... Cause
) Operating Condition Changing
Conditions becoming more severe, deviating from the design range...
() Competitiveness Stagnating Countermeasures

O&M cost increasing, maintenance intervals shortening...

Bowing on the specific location

- Main cause: coking

Photo: Bowing

Periodical IR Monitoring (Hot Spot Monitoring)
Periodical Pigging
Visual, DPT, UTTM, Creep/Pl.Tape, PMI, Hardness, etc.

PLEP Solutions

 Identification of facility and locations having

Recommendation for Life Extension
materials and inspection concerns

» To measure circumference length on bowed and
sound tube periodically in order to assess the
creep in every shutdown.

» Suggestion of practical and economical solutions
to solve the concerns

« Projection of revamp work, inspection and * CFD modeling and consultation may be an

maintenance work, etc., to extend plant life option for detailed assessment.

CFD Analysis

© 2026 JGC CORPORATION \ Enhancing planetary health



Plant Life Extension Program (PLEP)

PLEP for preventing troubles in advance...
. B Our Strengths

v" One-stop service of engineering, construction and
maintenance services to make convenient for client
v Practical and efficient approaches including workshops

and site observations will provide best solutions

Workflow & Result v' Easy methods without special software will avoid client
1st Step - Plant Integrity Assessment (PIA): Finding / Screening burden
v Assessment of materials selection, inspection program, etc. v" Flexible program will run along with client’s demands to
v Site visit and discussion with client. the goal.

2nd Step - Integrity Improvement Initiative (lll) : Detail Study .
_ ) . Our Experience
3rd Step - Life Extension Project (LEP): Project Development and Execution

> CDU/VDU, Asia
Result of PLEP

To extend plant life 83 findings / 22 recommendations

and to improve > Gas Processing Unit, Middle East
reliability.

Initial TA TA TA TA

SR A 1 v

116 findings / 34 recommendations
> GOSP, Middle East

Failure Rate

88 findings / 7 key recommendations

Time
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Plant Life Extension Program (PLEP) relisbiity & 4\

v Hot insulation setting

<Finding>

Due to inadequate length of
hot insulation, corrosive water
condensed, and it induced

v TML setting at RV manifold cevere corrosion
&ﬁﬁﬁ <Finding> \ AP

<Recommendation>

- ] Severe condition is expected because To apply hot insulation.
of stagnant condition. Inhibitor

<Recommendation> NH3 —
To set thickness measurement ()
Ir?mgitulf?)?j (THLs) around the Water " Water—] *——— v Assessment of flow distribution
' /g = <Finding> <Recommendation>
L~ | The actual corrosion rate is To conduct flow

‘r significantly different between old and  distribution analysis.
new bays (condensers), and it suggests
uneven flow distribution.

v Flow-meter trouble

L
<Finding> _,[ — ]
Flow-meter malfunctioned, and 1 l
flow rate could not be v TML setting at condenser downstream — —
measured == S

<Finding> Old Bay New Bay

<Recommendation> qurosion monitoring device .is installed, but
To fix the flow-meter and to adjust proper thickness measurement location was not set. { : )
injection rate. <Recommendation>

To add thickness measurement locations to monitor actual corrosion rate. This can
also check the efficiency of corrosion inhibitor and NH3 injection at upstream.

\ Enhancing planetary health
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Plant Diagnosis and Lifetime Improvement Service |2l /1\[\]] /==

Do you have any of these issues? Examples of Finite Element Analysis (FEA)
(9 Mechanical damage occurred! Temp
9

Can we continue operation? Should we replace?
(9 What is the root cause?
&) Which improvement plan is the most efficient?

Low

PLANT PLUSSM Solution

« JGC's simulation-based engineering service (1) External Corrosion (2) Flange Deformation
Analysis Model by Laser Scanning due to Temperature Distribution

@ P

(3) Creep Deformation of Vessel during PWHT

 Investigate the root cause of the mechanical damage
» Diagnose whether a damaged equipment can continue
operation or should be reinforced, revamped partially,
replaced totally
> Leads to reduced cost of repair/revamp

» Propose effective improvement/reinforcement plan

© 2026 JGC CORPORATION Enhancing planetary health
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Plant Diagnosis and Lifetime Improvement Service Relibilty s, 4N
Workflow & Result Our Strengths
. . |  Example: Large opening « Diagnosing from various perspectives such as
Data and Information Collection discovered during Turnaround

international design codes, fitness-for-service codes,

post construction codes, guidelines often used in the
Site Survey (if necessary)

plant industry, and JGC's own company standards

« Providing quantitative and easy-to-understand study
Scenario Planning:

* Root Cause, Damage Mechanism

* Improvement/Reinforcement
Plan

results and countermeasures using structural analysis
techniques such as finite element analysis (FEA)

Assessed buckling risk Our Experiences

Plan Mitigation against Risks

{EEK<EL<

1000 50+

Assessment Results

« High Possibility Root Cause , Plant Diagnoses Years
- Effective Solutions

Structural analysis technology, Simulation-based engineering
computational fluid dynamics service for plant diagnosis
] technology and noise and lifetime improvement
o assessment/control technology
Proposed reinforcement plan for 1,000+ diagnoses
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Turnaround Scope Optimization & Planning

Do you have any of these issues? Scope Optimization Process 8 Years Later
(] L] L] (] (] L] L] 5 / Ur:-lai;(l:.'esit:‘EIe
© Many reliability incidents during operation Year of Risk Assessment 4 Years Lator % oo _|ALF
& High turnaround maintenance cost : ; /
(& Fail to achieve Solomon First Quartile Target : e F O
2 F 2 C :’;\\
1 C 1 | \\'?@o\\s
. A B c o E A B c oD E %}: A
Turnaround Solution 2 ™ Risk
: F c‘
« Setting of turnaround leadership and steering team | R e ] ML

» Risk based process of maintenance and inspection
work scope definition by multi-disciplined team

» Comprehensive review process for high cost/long

duration items to find lower cost/shorter duration

alternatives
» Setting milestone based on turnaround complexity

EEEEEE
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Turnaround Scope Optimization & Planning

Turnaround Planning Process

= Turnaround (TA) planning starts 12 months prior
to turnaround (for Medium / High Complexity TA)

-12 to - 10 months

* Develop TA
execution plan
based on turnaround
strategy and finalized
work scope

* Develop inspection
plan
based on inspection
strategy

* Bidding for long
lead item

* Provide cost
information
for budget

"

- 9 to - 7 months - 6 to - 2 months

* Procurement plan

* Preparation of job ‘

* Develop detail work
steps and resource
requirement
to finalize timeline
chart

package for service
contract

* Specification
preparation for
material procurement

* Issue TA Schedule
with Critical Path
works

+ Contracting for
major services

» Detail cost forecast
to be provided

* Ensuring availability
of specialty service
e.g., refractory
specialist

Our Strengths

» Professional Maintenance Engineer Teams

 Global resources

» Practical application of Risk Based Work Selection

process such as RCM and RBI

» Rigorous turnround readiness review methodology

« So many experience of turnaround planning

Our Experiences

Executed

Project

40+ Cases

© 2026 JGC CORPORATION Enhancing planetary health



[ Return to )
Turnaround Scope Optimization & Planning  Relbiiys o\
/Background: \ Sample Deliverables

A Refinery in Southeast Asia encountered some difficulties in

pipe and air rings in regenerators of the RFCC unit after their
completion of the second Turnaround & Inspection (T&l).

Objective:
The third turnaround maintenance work is itemized properly for 4
years continuous operation after turnaround.

Achievement:
JGC provided the mechanical and refractory assessment for the
major maintenance work itemization for the third turnaround, and
the engineering for modification of air lift pipe and air rings
including root cause analysis.

Key Deliverables :

Root Cause Analysis of Hot Spots

Maintenance Planning Worksheet (Mechanical/Refractory)
Location Map of Major Work (Mechanical/Refractory)

List of Major Spare Parts

Method Statement of Critical Work

Preliminary Scaffolding Assembling Plan

S o

.

managing hot spots in several sections and some damage at air lift

/

Reference Services
FCC Unit in a Refinery Complex in Middle East

+ 2010 - 2011 : T&l Planning and Execution Support at site
+ 2015 : T&I Execution Support at site

+ 2018 : T&I Planning

+ 2025 : T&l Planning & Execution Support at site

RFCC Unit in a Refinery Complex in Southeast Asia
+ 2016 - 2017 : T&l Planning

Gas Processing Plant in Middle East
*+ 2022 -2024 : T&l Planning and Execution Support at site

© 2026 JGC CORPORATION \ Enhancing planetary health
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Turnaround Execution Management

Do you have any of these issues?

@ Fail to achieve turnaround targets

v’ Safety, Schedule and Cost
@ Lack of experienced execution workforce
&) Shortage of frontend supervisors

Turnaround Solution

EFr Work Pack

Web based Advanced Work Pack

« Management and planning approach using proven
creation, linked directly to all
methOdOIOgy Connect Modules, removing

system interfaces and duplication
of work

#Fr Materials Manager

Material and inventory management,
linked directly to your Work Pack for
seamless material readiness

» Detailed work procedures which include description of
potential hazard of the work #fr Completions

Paperless Systems Completion,
bridging the gap between

® |nVOIVement Of frOﬂtllne SuperVISOrS |n detalled construction and commissioning

#Fr Joint Integrity
QR driven Bolted Connection

management, delivering control,
traceability and accountability

planning of the critical works

. . . . . ¥Fr Progress Tracker ¥Fr SIMOPS
Dedlcated Coord I nato rs for hlgh_rISk Works Visible tracking of progress for all phases 4D scheduling, linking your existing 3D
of Prajects, Turnarounds and Operations model directly to your plan

(e.g., inert entry work, critical lifting, etc.)

Turnaround Work Progress Management System
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Turnaround Execution Management

Turnaround Safety Management Our Strengths

B Drastic cultural change in behavior-based safety * Abundant experience in turnaround project execution
, » Professional maintenance management teams

% %, Z

4

e * Global resources

S * Incident & Injury Free (IIF®) culture (Behavior-based
safety)

» Advanced work progress management system

Our Experiences

Adaptive Challenge

= Attitude
-Bellef EXECUtEd
ntntr ) 40+ Cases
Project

* Responsibility
Behavior
«Clarity
-Understanding

© 2026 JGC CORPORATION \ Enhancing planetary health
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Inspection & Diagnosis

Steel.Erosion Rate Density

Do you have any of these issues? Gl o

&) Need to enhance mechanical integrity of process H
equipment and piping system |

@ Lack of experienced inspection and diagnosis engineers ﬁ

& Need engineering support during turnaround I

Turnaround Inspection Solutions o -2 551

» Prioritized inspection planning, reliable inspection execution
and practical repair engineering

« Cutting edge simulation technologies and experienced
specialist for complex process degradations evaluation

» Use of advanced NDT technologies to fit for purpose

“Fitness for Service” assessment by experienced engineers.

© 2026 JGC CORPORATION ) Enhancing planetary health
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Turnaround Inspection Our Strengths

Abundant experience in turnaround inspections

B Develop inspection plan
based on type of
degradations before
turnaround

Experienced and qualified inspectors
(API 510, API1 570, API 936, etc.)
Simulation with Computational Fluid Dynamic (CFD)

Fitness for Service assessment by experienced engineers

M Inspection related
preparation work
arrangement

Our Experiences

E"e.c“te"' 40+ Cases
rojects

B Preparation of NDT service
package for contract

| . 2=. | Data
M Inspection Record .
Management System AnaIySIS

100+ Facilities
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Reliability, Availability, Maintainability (RAM)

Do you have any of these issues?

(9 No appropriate answer to the conflicting demands Data Acquisition

of "maintaining the reliability of equipment” and
"reducing maintenance costs”

(9 Unable to see opportunities for improvement in RAM Analysis
reliability from data accumulated in CMMS/EAM

RAM Solution Applications

» Evaluate the current reliability of facilities based on
valuable historical data, which are accumulated at
EAM/CMMS.

+ Select optimal maintenance measures while balancing

ve\Lunvlol
50 5 10

= Cumulative-Probability

the reliability of equipment and maintenance costs.
» Establish a strategic PDCA cycle in the operation and - e
maintenance organization

RAM Concept

EAM/CMMS
(Historical Data)

Public
Databases

Equipment
Manufactures

Data

® Weibull Analysis
® Reliability Block Diagram (RBD)
® Monte Carlo Simulation (Availability Analysis)

Maintenance
Strategy
Optimization

Spare Parts Policy
Optimization

Process Design
Review
Redundancy Check

Weibull AnaIy5|s

RBD

500 1000
s

Logic Model (RBD, Reliability Block Diagram))

Availability Analysis

Availability

| I Cost

© 2026 JGC CORPORATION Enhancing planetary health




Reliability, Availability, Maintainability (RAM) [ Reliability &

Maintenance menu

Workflow & Results Our Strengths

JGC's RAM Study Steps * Building an approprléte RAM analysis model based
on process engineering knowledge

1 » Collection of the appropriate reliability data and
Reliability St optimization proposals based on the knowledge of
2Ll Optimization operations and maintenance experts
Diagram

* Best method approach by combining internal and
external resources to meet clients’ needs and
Analysis phase Optimization Phase (Cost Based) objectives

1 Weibull Distribution

1 Optimized Equipment Configurations Our Experlences

2 MTBF Estimation and Redundancy
2 Optimized Maintenance Method and

2 0 + Various
3 Production Efficiency Frequency
3 Optimized Spare Parts List Type Of

2-3 months for Unit (e.g., CDU, FCC) Cases Facilities

Critical Equipment : Approx. 70 sets

Not Only O&M phase, but also Refinery

FEED and EPC phases. Gas Processing
LNG
FLNG,

LNG Terminal, etc.
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Reliability Centered Maintenance (RCM)

Do you have any of these issues?

& Many unreliability events
() Constant unrequired maintenance work
() High maintenance cost

RCM Solution

Determine the optimal failure management strategies
for all equipment including risk base approach.
Provide sustainable Predictive and Preventive
Maintenance tasks

Prevent Functional Failure for Required Function of
equipment

Mitigate Safety, Environment, Production and Asset
damage risks

I:1
1:P
m:P

Useful Life (Estimated Life)

:Improve Infant Mortality

redictive Maintenance(CBM)

reventive

Maintenance(Repair or Replace)

Time Related

n-time Related

Nor

Analyze detailed failure pattern

| Hidden |

Operation
(Production Loss)

Y

[ s-E-H |
- N

e Loss of function aff
2 SEH?
K

N
Failure Finding
N
oo ]

Decision Diagram
Consider Maintenance Tasks

Tolerable Risk

High

Medium

| a]l B[ cl[p]E]
Risk Matrix Assessment

h can find out
ling (Potential faiure) Mantoring interval = P-F 1/2

1 g (hate
— P )
‘__-_“—1

F
N P-F Interva
Time ——— |\ o fromp tor
Production Loss —» @

Repair at small damage

N\

Time ——

Equipment
Condition

Large Damage |

Repair Cost
Production Loss Cost

E

Consider Condition Monitoring

+ TBM

CBM
+ (RTM)
+ (IM)

« Periodic Function
test
( for Protection device)
« Redesign
+ MoC

»

No Scheduled
Maintenance

* Run-To-Failure
+ Planned BM

Delivered appropriate Maintenance Tasks
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Reliability Centered Maintenance (RCM)

Workflow & Result Our Strengths

_Operating Context ) .
is Prerequisite input to RCM * Global experiences and performances on Risk assessment,

Process

(Failure Mode and Effects Analysis)
Step-1

Step-5

Step-2 1

Define Functional
Failures

Consequences and Risk
ranking

List Failure Modes for
Each Functional Failure

What causes each failure?

Identify Proactive Tasks

Our Experiences

Default Tasks

Describe Failure Effects

& What happens when failure occurs? J (Deflne Alternatlves)

Return to
Reliability &
Maintenance menu

K FMEA \ « Professional Process & Material Engineer Teams

Inspection planning, On-site Inspection.
Primary and Secondary Functions

Integrating JGC many years of inspection and plant design

Define Failure experience to achieve lower inspection costs and longer plant life

» Collaboration between oversea EPC-capable group companies
and local maintenance companies.

Worldwide
Achievement

Analyze Equipment Criticality to prioritize RCM study level 1 5 ==
Organize cross-functional RCM study team

Define Operating Context including desired performance, legal Projects
requirement, integrated operating window, safety hazard, etc.

Start RCM study depend on RCM work steps RCM Study serviced
Identify Function, Functional Failure, Failure Mode, Failure Effect, for over 10 projects

Consequence and Risk ranking
|dentify Failure Management Tasks to prevent required Functional Failure

RCM Experience in Far East,
Middle East, Southeast Asia,
Africa, North America
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Onsite Assistance (Residential/On-call)

Do you have any of these issues?

&) Lack of experienced engineers and technicians
(9 Need specific expertise
&) Need technical problem-solving teams when in trouble

Our Solutions

* Dispatch customized teams, experts, and operation and
maintenance staff to the operation site to meet the

client’'s needs.
* Select the most suitable resources from JGC network

&r:ﬂv& ® e

K-

for client's situation over a long period of time or even

’ P

v L4

within a short period of time.

* The dispatched teams and crew will work as an
integrated resource with client's operating organization,
or work as an independent task force team.
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Onsite Assistance (Residential/On-call)

Our Approach

———| g

Understand Client Propose Best

Needs or Issues Team-s Uit
Candidates
* Shortage of * Job Description
Engineers and * Role and
Technicians Responsibility
* Reinforcement * Duration (long-
Needs tern/short-term)
* Specific Technical
issues

| |
Service Mobilize Team or
Agreement Personnel
Options:
1. Combination with Operational

Excellence services

. Troubleshooting by Experts in

Global Operating Center

Return to
Technical Assistance
& Training menu

Our Strengths

A wide variety of global human resources
networks allow flexible use of experienced and
knowledgeable experts

Cooperation with specialized teams at
headquarters with expertise from various EPC
and Operational Excellence services

Stand by various experts who can solve
problems quickly

Our Experiences

Various
30+ Type of

Years in Global Market Facilities
Middle East Gas Processing
North Africa Oil Producing
West Africa FPSO
Southeast Asia Integrated Water, Steam,

Power Plant, etc.
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Asset & Operation Due Diligence

Do you have any of these issues?

&) Considering investment for operating assets
& Audit for operation and maintenance of
operating assets

Focus Areas

* Facility design and construction in accordance with
recognized and generally accepted engineering practices
 Implementation of Process Hazard Analysis

* Established Operation Manual

v' Startup and Shutdown
v" Normal operations
v" Emergency Operations

» Deployment of safe work practices

» Written procedures for maintenance, inspections and testing

» Rigorous quality assurance systems
» Training and competency management system

Asset & Operation Management Framework

1. Management Leadership
2. Risk Assessment
4. Facility Design and Construction

5. Information & Documentation

Maintenance Operation Emergency
Response

3. Management of Change

11.Incident
Investigation
7. Mechanical 6. Operation 9
Integrity Procedure
12. Emergency
8. Contractors 10. Training Planning and

Response
9. Occupation Health and Safety

14. Assessment & Improvement

© 2026 JGC CORPORATION Enhancing planetary health



Asset & Operation Due Diligence

Example of JGC’s PSM Assessment Checklist

No.

Requirement

Guideline for Compliance

Observation Opportunities / Comments

5.0

In accordance with the schedule set forth in
[paragraph 3.1] of this section, the employer
shall complete a compilation of written
process safety information before
conducting any process hazard analysis
required by the standard. The compilation of
written process safety information is to
enable the employer and the employees
involved in operating the process to identify
and understand the hazards posed by those
processes involving highly hazardous
chemicals. This process safety information
shall include information pertaining to the
hazards of the highly hazardous chemicals
used or produced by the process,
information pertaining to the technology of
the process,/Ind information pertaining to
the equipm’  'in the process.

1

A procedure to manage PSI defined in the paragraph 2.1

through 2.3 should be developed

- Information applicable as PSI should be clearly defined in

the procedure

Management process of PS|, including roles &

responsibilities of owners should be developed

- PSl should be periodically updated according to
Management of Change processes. (Refer to
Eiement-10)

Guidelines to conform
to OSHA requirements

Observations found
during the interview will
be described in this
column.

5.1

Informati¢’ vining to the hazards of the
high*—+- B U

.'T; Requirements of
i, OSHA 1910.119

i

il

V. “Iscacuvity uate.

v. Corrosivity data;

vi. Thermal and chemical stability data; and

vii. Hazardous effects of inadvertent mixing
of different materials that could
foreseeably occur.

Note: Safety data sheets meeting the

requirements of 29 CFR 1910.1200(g) may be

used to comply with this requirement to the extent

they contain the information required by this

subparagraph

2.

W

't n

as per JGC's knowledge
and experiences

hv : Threshold Limit Value

TWA : Time Weighted Average

STEL : Short Term Exposure Limit

TLV-C : Threshold Limit Value Ceiling

IDLH : Immediately Dangerous to Life or Health
Material Safety Data Sheet (MSDS) should be used to
include the information.
- Al MSDS should be supplied from manufacturers and

compiled.

JJienists

. When a contractor brings highly hazardous chemicals to the

plant then the contractor shall show MSDS to the employer
and obtain approval.

Improvement
opportunities identified
during the interview
will be described in this
column.

5.2

Information pertaining to the technology of
the process.

1

Most of technology information should be developed during
the EPC phase and delivered from the EPC contractor.

Element 5: Information & Documentation

Return to
Technical Assistance
& Training menu

Our Strengths

« Extensive, worldwide EPC project and maintenance
experiences

» Experience in investment for operating assets

» Professional Operation & Maintenance Engineer Teams

* Asset & Operation Management (AOM) system based on
OSHA PSM

» Experience in Due Diligence (DD) and audits for
operating plants.

Our Experiences

O&M Due
Diligence

3+ Cases

Audits for

O&M 5+ Cases
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OPEX Assessment

Do you have any of these issues?

) Estimating OPEX to assess the feasibility at Historical Data and Event Analysis Future

business planning phase Production Plan

(9 Verifying future OPEX in operation phase

OPEX Estimation

) Identifying improvement opportunities on

operation and maintenance costs

Our Solution

» Estimate or Assess OPEX by experts who understand the

Onshore
7 Supply Base

processes and regions at business planning phase L
* Analyze historical OPEX data from the operation phase /
* Conduct a case study to identify the optimized OPEX in

~-~—» Floating LNG FPSO «— _

either of the above cases O&M Strategy Development as
the basis of OPEX
(e.g., Organization Chart)
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Return to
Technical Assistance «
& Training menu

OPEX Assessment

Workflow & Results Our Strengths
Business Planning Phase » Assess using the latest cost information
e et et e e accumulated through plant EPC projects
::::f::tCase OPEX Item O&M Strategy OPEX Item Case Study for worldwide
Concept Check Definition Definition Estimation Optimization e Estimate by experts with plant process,

operation and maintenance knowledge
» County * Personnel * Organization and * Estimation by » Case Studies with . . .
* Plant Type * Maintenance Working System O&M Experts and optional O&M * Provide output tailored to client needs and
* Production Plan * Chemical * Operation Strategy Cost Engineers Strategy :
*Schedule * Fuels * Maintenance business phases
Local Conditions | - Insurance Strategy « Advise improvement opportunities by
. etc. * Training * Logistics Strategy
* etc. - Training Strategy experts
* etc.
. Our Experiences
Operation Phase
| | | | | .
R leciease Historical Data OPEX Item . Case Study for Va rious
L AL ~ Check Estimation O Optimization +
Concept Check P Type Of
» County * Past OPEX Review « Estimation by « Identification of » Case Studies with PrOjectS in 1 O yea rs FaC| I |t|es
* Plant Type * Past Operation O&M Experts and GAP between JGC optional O&M
* Production Plan Result Review Cost Engineers estimated OPEX Strategy
* Schedule * Past Maintenance and Client given Gas Processing
* Local Conditions Event review future OPEX LNG Terminal
* etc. * Future OPEX plan Onshore LNG
review (if available)
FLNG
FPSO, etc.
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Strategic Operational Improvement Assistance

Do you have any of these issues?

Strategic Operational Improvement — Transformation Roadmap

(9 Increasing Unplanned Plant Outages Year 1 — R — T s
° ° ° |4.3 Implement ... #/4.2 Enhance .. | 4.5 Develop . . - > G I ,’s
) Increasing Maintenance Costs along with Age I_‘;' T S -
o o o t- |4.1 Develop ... 44 E.ntlance... : r . l 7\ — - 1
) Lack of Experienced Maintenance Staff peration |
) Representing Improvements Visually | aabede. |

2.3 Prépare.... | |3.3 Condu&tr... | |8\4 Develop ... |
H _—— \

2.1 Develop ....

2.4 Prepare ...

Solution e N
\\ ~ \11.3Imp\ement...
. . . Engineering [ — ol N,
«  SWOT Analysis of operation and maintenance ergineerg. ot Conpie sareidse | [3150u0p.
M M < 12.1 Develop ...
organization o0

8.2 Develop ...

« Middle and long-term operation and maintenance
1 1 T 6.2 Enhance ...
plan including turnaround plan : . e T
« Setting Key Performance Indicators (KPI)
9.1 Develop ... 6.1 Develop ... | |8.1 Enhance ... |

1.3 Develop ...

« Root Cause Analysis (RCA) for equipment failure

Turnaround m _
and countermeasure development ——

« Training focusing on younger staff and

skill’/knowledge transfer from experienced staff
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Strategic Operational Improvement Assistance

Long-Term Strategic Operational Improvement Assistance Program

Return to
Technical Assistance ﬂ
& Training menu

|

Fourth Year

Long-term Turnaround

First Year Second Year Third Year
Analysis & > Turna;ou_n:i Planning > Turna;c:upc:,cl Execution
Assessment ssistance ssistance
Analysis Items > Training at JGC Yokohama - lmpplemenieition ©r Urlilg

* Plant Availability System

v

Plan

< Optimization of

* Risk Assessment

Implementation

Maintenance Organization

. Turnaround Performance S RCA foor Major Plant > Countermeas.ure > Elimination of Unplanned
. utage Implementation Outages
* Resource Training
Improvement Activities for Identified Opportunities
Our Strengths Our Experiences Chemical Plant Case in Indonesia

» Professional Operation and Maintenance Engineer Teams

* Global resources

* Practical application of Risk Based Work Selection process such as RCM
and RBI

» Rigorous turnround readiness review methodology

* Many experiences in turnaround planning

« Engineering tools and experienced analytical staff for RCA First Year

© 2026 JGC CORPORATION
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Training and Competency Management Services

Do you have any of these issues?

(D) Catching up to the latest technical trends
() Refreshing knowledge on essential technical matters

() Specific training linked to technical issues
(e.g., troubleshooting, performance improvement)

%) Struggling to fill gap between actual and required skill set

e

f a/ Presenlalion

QO

Training Services

* Organize a tailor-made training program
(e.g., Asset Management, Process Safety Management,
TA Management, Plant Life Extension, etc.)
» Deliver training courses and seminars (at site or on-line)
* Implement competency management program
» Dispatch experts to site;
» for hands-on training
» for troubleshooting and performance evaluation with
follow-up technical sessions 4

© 2026 JGC CORPORATION
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Training and Competency Management Services

Key Categories / Themes for Technical Training Our Strengths
Engineering & Project Operation & Maintenance + Professional Engineering Experts run our Training Services.
P&ID Process Safety Management « Training programs are updated in line with latest technical

Hydraulic Design

Process Engineering
Dynamic Simulation Technology Reliability-Centered Maintenance
Plant Safety Design and Risk Management

trends and are applicable to actual implementation.
* In association with and funded by Japanese governmental

Reliability, Availability, Maintainability (RAM)

Risk_Based Inspection support, such as JCCP (Japan Cooperation Center, Petroleum).

HAZOP ‘ ' « Continuous follow-up and support are provided by our
Material Selection Plant Life Extension Program

) - overseas affiliates and local partners.
Piping Engineering

Pressure Vessel, Exchangers and Tanks
Energy Efficiency Improvement Simulation Technology for Plant Our Experiences
Pump and Compressor Troubleshooting (CFD)

Instrument Engineering
Safety Instrumented Systems

Fitness for Service

Turnaround Management

Electrical Engineering goTputerized Maintenance Management Tec h N ica I .
Civil Engineering yStem ° 20 + 1IN past 5 yea rs
Welding Technology Computerized Inspection Management System seminars

Paint Technology

Corrosion under Insulation

Latest Non-Destructive Testing Technology . .

Vibration Control Trainees 500+ in past 5 years
Mechanical Handling
Commissioning

Operations Readiness & Assurance

© 2026 JGC CORPORATION Enhancing planetary health




Return to
Technical Assistance «

Case Study : Customized Training for FCC Unit Reliability Improvement & Training menu
Background: Examples of customized training programs
A refinery in Southeast Asia was struggling with stable operation of RFCC unit Material Degradation and Remaining Life Assessment (Day 1)
from the start after EPC project 1. FCC Unit Process Overview
Attendees: 2. Material Selection and Degradation

3. Remaining Life Assessment Methodologies

Maintenance and inspection departments and technical service departments at _ _ _ _
4.  Experience of Material Degradation and Current Issue (by Client)

the plant site and headquarters Corrosion Management and Inspection Data Management (Day 2)

Objective: 1. Corrosion Management Program
To share information on various problems that occur in RFCC, analysis methods 2. Corrosion Under Insulation
to solve them, and technical advice from refractory vendors. 3. Inspection Data Management System
4 Corrosion Management Program and Improvement Plan (by Client)

Workshops are also held to share examples of problems encountered in their
_ ‘ 5. Workshop - Corrosion Management Program (All members)
RFCC and to discuss how to plan the next turnaround maintenance.

Fitness for Service and Major Replacement Work (Day 3)

. 1. Fitness for Service Technology
Reference Services |
2 Major Replacement Work
Process Safety Management Seminar - JGC Headquarter 2016 for E&P Company in Japan 3. Advanced Repair Technology
Plant Life Cycle Management Seminar - JGC Headquarter 2017 for E&P Company in Japan 4 Past Experiences and Future Plans (by Client)
Process Safety Management Seminar - Online 2021 for E&P Company in Japan 5. Workshop — Major Replacement and Repair Planning and Execution (All members)
FCC Unit Integrity & Reliability Inprovement Seminar— Online 2022 for Refinery in Middle East Reliability of Critical Mechanical Components (Day 4)

FCC Unit Integrity & Reliability Inprovement Seminar— Online 2023 for a Refinery in Southeast Asia 1. Refractory (Vendor)

Expansion Joint (Vendor)

2
O&M Engineering Training — JGC Headquarter 2023 for a Petrochemical Plant in Middle East
3. GRP Piping
4

FCC Unit Integrity & Reliability Inprovement Seminar— Online 2024 for Refinery in South America )
Future Actions and Wrap Up (All members)
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{,y LNG (Engineering Consultation Service)

Do you have any needs in your operating plants? JBC

/RLiIZE
° M _ Solutionfor HAR
Sudden shutdown of the plant with unknown root-causes LNG Cube L
« Frequent malfunction of equipment e CoRpORATION (LTIl Technalogies for
. ) . . . Rochouiton lossea Operational
Unachieved production corrective planning Enhancement
* Flare minimizing INGFi LNE DIGITAN ) f;}/_uxyk;er; r_
. . . LNG Chain Creation LNG Maximization nert icrenc aximization
Smooth startup operation and flawless maintenance e World's first Auto-operation Adapting with BOG
fEngmeerlng Package enhancement system with W o L) :;fjfu"“:‘mm
Lgszi::‘qanl]!rps):\_ai:lif:-d:ne 3!} Isgngrg.igrgi technology leveraged steem. end hotwater
an aqasification package for on Al Technology and real-time weather analysis
What is w LNG3 7 gLorttze?vSryafndltowEA;Eg(f
* LNG Cube is a comprehensive technical service Bchmmhsthf F-LNG
oncep
package related to LNG plants I[grel\algleopment f‘;":'g'f“&:';ga"'é“‘ on & INTEGNANCE
« LNG Cube starts from Workshop and Consulting by - ST e Makrtonance
. Lo “l_ Service
the world's leading LNG specialists ‘H‘L\lb(mlc Technology for
. . Innovative Module Technology Maintenance
* Analysis and Consulting leveraged on lessons learnt Management

Modular EPC Concept

EPC execution technology allowing

and operational database from past engineering, e e A
construction and operational experiences
* LNG Cube technical services are not limited to
existing plants but can be applicable to grassroots
plants

LNG Cube Technical Service Menu

© 2026 JGC CORPORATION Enhancing planetary health



{,y LNG (Engineering Consultation Service) Oneration men 4\]

Workflow & Results Our Strengths

* Abundant experience in commissioning and startup
» Speedy solutions leveraged on numerous of Lessons Learned

.

Send Operational Data and Register for LNG
Cube Analysis

from past commissioning and startup experience
« Consulting by Project Manager and Study Manager with
extensive site experience and EPC execution experience

LNG Cube Analysis Our Experiences
W

Develop Improvement Plan or General Concept
(2 ~ 3 WeekS) South - LNG Cube Workshop (Development of New Digital Solutions)

2017 - - Feasibility Study for the implementation of the Digital
N 4 A Company | ;.4 Ea§t Solution
Asia - Implementation of the Digital Solution
- LNG Cube Workshop (Development of Efficiency
2018 - South Improvement Ideas)
. B Company 2019 East - Proposal for Advanced Control System Installation
Asia - Feasibility Study of the Advanced Control System Installation
. (Planned)
Share Improvement Ideas, Execute Consultation
South - LNG Cube Workshop (Development of Production
2018 -
C Company 2019 East Enhancement Ideas)
v Asia - Business Case Study for LNG Production Enhancement
|mp|ementati0n of the Plan, Seamless Execution 2018 - - LNG Cube Pre-Workshop (Development of New LNG
D Company Europe Technology)
of EPC 2019 - LNG Cube Workshop
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/WRLIZELNG

HAR(*) causes IOSS Of LNG prOduction Cross Wind Recirculation between LNG Trains
Mot Air Reci ot — Hot Exhaust Air / Hot Exhaust Air
ot Air Recirculation ' 1. f - f ' '
— =l=I== \‘ =1=I1==]
& Process performance degradation due to HAR Gent” It & & ) S T D
& Increased ACHE®" inlet air temperature due to HAR " ¥"*"®|| 1mtake air \ Intake Ar

Self Recirculation

& Itis difficult to identify HAR mitigation plan or

adaptatlon plan ™Air Cooled Heat Exchanger LNG Train LNG Train

HAR Mechanism

What is AIRLIZE® ?

' Increased ACHE Inlet Air Temperature by HAR

* AIRLIZE LNG® is JGC's Comprehensive Life Cycle [* LT Jém
Support Services for Air-Cooled LNG Plants AR

» Diagnoses and Analysis services for HAR optimization

Air Intake Temperature [degC)
F 'E/ W

HAR causes...

o
=
]

LNG Production

Loss of LNG Production |
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Workflow & Result

Data and Analysis
information oo
collection & ]
site survey PN =)
e e

m ]
"

Weather Operating
Data Data

Simulation

Process

Solutions

b

HAR Digital

Our Strengths

Real-time Weather Monitoring System: Introduction of advanced systems for
real-time weather monitoring.
Advanced Analytical Capabilities: Expertise in process big data analysis, CFD
(Computational Fluid Dynamics) simulation, and rigorous process simulation.
Extensive Experience: JGC's extensive experience in LNG processes and Hot Air
Recirculation (HAR) analysis.
Comprehensive HAR Management Solutions: JGC offers two types of solutions for
HAR management:

* Dry Fogging

+ HAR Digital

Our Experiences

TANGGUH LNG

~— s &y Ichthys
ccccccc
2 0 I K o
S\
MBZAME/PL'T\'E Do GG{,jfﬂgEg 4 :ﬂﬂlg l..!'g

esion | 7% HEmu | Socobui (3

Projects -

G KitimatLNG
. . SgReon s " Caveunc-
Contributed to over 20 projects in € o @ R

various phases of Project/Plant Life -
Cycle (FS, Pre-FEED, FEED, EPC,  Apomenrassiis o O ok cranes e
Revamps) ExonMobil | it

Al Crporin | e 2Ee L= A E———
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What is Dry Fogging? What is HAR Digital?
Dry Fogging enhance the performance of ACHE by implementing simple water mist system. HAR Digital is an automated control system powered by Artificial Intelligence (Al).
Plant data
Weather data Search )
H{\R- Condition MV
mmgl Predictive s —>
m ML Model”
— LNG Plant
o gm— e Plant data (ML : Machine Learning
o T o - JGC jointly developed HAR Digital software with LNG operator in Southeast Asia through PoC.
The water mist helps lower the air inlet Improves the overall performance of APC : Advanced Process Control, DCS : Distributed Control System
temperature of the ACHE. the ACHE. *)MV : Manipulated Variable
Advantage of Dry Fogging Advantage of HAR digital

* Increased LNG Production: By enhancing cooling performance * Increased LNG Throughput: The feed-forward process control

with minimal capital investment, LNG production can be increased system, powered by a HAR predictive machine learning (ML) model,

by up to 2%. can increase LNG throughput by up to 2% without any major
« Quick Delivery Time: From design to installation, the system can modifications.

be delivered within a year. + Stable Operation: Achieves stable operation by adjusting in
* No Equipment Damage: The fine water mist ensures no damage or advance.

scale formation on the equipment. » High Performance: High performance operation can be achieved
. Simple System and Easy Operation: The system consists of only by maintaining proximity to the operating limit while HAR does not

occur

pumps, piping, and fogging nozzles, making it easy to operate.
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Automatics Operation

Advantages of Automatics Operation

1’5 Stabilizing facility performance by reducing process upsets

Automatics operation

during process operation u4 can control upsets!!
Y Prevention of equipment damage due to mistakes é
1’5 Minimizing transient operation time ‘E ;:
17 Standardization of transient operation sequence 5
15 Assistance for operators with limited experience. : y I;;Ianual operation cannot
What is Automatics Operation ? control upsets....
 Automatics Operation achieves an automated operation for . — "esso/p::a'zz:“"‘d
numerous types of plant and equipment (upstream, midstream,
do_wnljrari?r;t)értup and Shutdown [ Automatics Operation System ]
- Transient Operation (ramp-up/down, etc.) Process Data 1 ‘ Command
- Process Upset (adjusted for stable operation) [ DCS®  oruted Cont System]
- Package System Startup and Shutdown (Compressor,
Expander, etc) Process Variable t ‘ Manipulated Variable
« JGC provides consulting and engineering services to implement [ Plant ]

Automatics Operation for existing plants.
© 2026 JGC CORPORATION \ Enhancing planetary health




Automatics Operation

Workflow for Implementation Our Strengths
Consulting Engineering «  Experience in EPC and O&M of many types of facilities
a 2 3 @ in many locations around the world
2 -4 l i @i « Specialist Engineering Team consisting
|§ I ?1] ' of various experts in JGC to deliver
Workshop for ‘ Installation of Verification of Automatics Operation
Plant Automation automated Automatics
sequence in Operation System .
PRI <OPTION> 4
Operation System : : g i Dynamic
Simulation
! [y
l I
Information Building up :Verification by: Integration to [Process
Collection Sequence L plant model | Plant Process Safety

System
[ Office work >| > . .
dh ah

Our Experience

* LNG, Ammonia, Power Plant, etc. Mechanical Commissioning
Automation for plant startup and shutdown in various types of plants. o @
*  MCHE® Cooldown, Compressor change-over, etc. dh dh

Automatic sequences for startup and shutdown of many types of package system
(*) Main Cryogenic Heat Exchanger
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Automatics Operation { Operation meny ]

Case Study : Success of Automated Startup/Shutdown in IGFC®)

* Plant owner: Osaki Coolgen Corporation <https://www.osaki-coolgen.jp/en/>

* Process: CO2 Capture and Recovery Facility in the IGFC Pla'?t M_Odel
» Requirement: Fully automated plant startup/shutdown operation (Dynamic Simulator)
(*) Integrated Coal Gasification Fuel Cell Combined Cycle
ADDroaCh verification 4 Automatics J
. . . Operation Sequence
» Developed Plant Model to validate Automatics Operation “ i i
Sequence for minimizing tuning work during on-site DCS
implementation In-house Development
« Implemented Automatics Operation sequence into DCS Delivery & Installation
according to system configuration at existing unit
Achievement DCSES Plant
* Quick startup/shutdown operation by Startup/Shutdown
automating over 1000 steps in the 4 Advantage of using plant model N\

procedure - Efficient implementation for a new facility

+ Safe startup/shutdown operation through simulation in advance
without any human error and any failure - Fast field tuning within 3 days

of an equipment - ) e =
P Provided by Osaki Coolgen Corporation \ /

On-site Implementation

Implementation by using plant model

© 2026 JGC CORPORATION Enhancing planetary health




m Operational Excellence Services

Operation

Operations Readiness & _ Operational K

Excellence

Assurance Services

Contact Us

l;"i Technology Inquiries | Contact Us | JGC HOLDINGS CORPORATION
Access to Our Homepage

I'J-'P https://www.jgc.com/en/business/epc/operation-maintenance/service/


https://www.jgc.com/en/business/epc/operation-maintanance/service/
https://www.jgc.com/en/business/epc/operation-maintanance/service/
https://www.jgc.com/en/business/epc/operation-maintanance/service/
https://www.jgc.com/en/business/epc/operation-maintanance/service/
https://www.jgc.com/en/inquiries/technology/input
https://www.jgc.com/en/inquiries/technology/input

Operations Readiness & Assurance

Do you have any of these issues?

( OR Management .] Plant Performance
() Concern of safe and smooth startup of O&M ST [ L r
@ High tOtaI COSt Of ownerShip > O&M Organization and Personnel < SmOOth O&M Start_up
ganization and rFersonne ‘l
(o) Potential areas of concerns and its mitigations in OR® organiztion || Traiing. !
>~ J )J '00. .:
D&M Function : )
Operation Maintenance :.'. .:.n. E
H Readiness Readiness ¥
OR&A Solution — B
ateria ) ' '
HoE Management ' .. ' : '
Readipess Readiness | ' . i
. . ' I ]
» Execute Operations Readiness & Assurance program for all OR cervice Contract Technical I
Management RSuEport ' : ' " [
eadiness ] .' '|
l' ': '.'

key components of facilities™ by expert team
* Assess OR plan and progress and reporting with findings and

Timé

mitigations
* Follow up prioritized mitigation actions to reduce OR risk and

to minimize the facility total cost of ownership

Operations Readiness & Assurance

®OR : Operations Readiness
(Mfacilities : Onshore and offshore O&G plant, chemical plant etc.
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Operations Readiness & Assurance

Workflow & Result

A) Operations Readiness & Assurance Planning Phase

1. Verification of overall OR schedule

2. Define OR elements

3. Establish OR progress and KPI tracking system

B) Assurance Phase
1. Monitor OR activities

Assess the progress and risk for OR activities (Health Check)
3. Report and follow up mitigation actions

OR Components

Business Processes

Status

Plan

Forecast ctual

Organization Readiness
Training Readiness
HSE Readiness
HSE Readiness
HSE Readiness
HSE Readiness

1 [ HSE Readiness
|

Headcount

Operation Readiness
Operation Readiness
Operation Readiness

Maintenance Readiness

Recruting for O&M personnel
ICompetency Assessment
PTW

LOTO

Emergency Respanse

ISpill Prevention

Waste Management Plan
Production Reporting
Laboratry Analysis

ICrew Change

Maintenance Management (Work Process)

Completed
Completed
Completed
In progress
In progress
In progress
Not Started
Not Started
In progress
Completed
Not Started

\
ol I l ‘ | |
Project Month

Recruiting Progress Tracking

Business Process Progress Tracking

Sample Progress and KPI tracking system

Return to
Operation menu

|

Our Strengths

Standardized Operations Readiness & Assurance
program based on FLNG project

Expert O&M engineers with experiences in
operating companies

Utilization of global project management
experiences from over 20,000 FEED and EPC projects

Our Experiences

Operations Readiness & Assurance
program execution for FLNG O&M
Operations audit for FPSO in West Africa
O&M and Training readiness planning and
execution for various EPC projects
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Predictable Startup Program

Do you have any of these issues? Our Solution

(D) Reliability of current Commissioning Plan Provide consultation, recommendations and/or improvements for the
© Lack of experience in planning following items on the following plans/topics:

@ Unfamiliar equipment/unit * Commissioning HSE Plan

&) Resource for unfamiliar countries « Commissioning Execution Plan

* Plan and/or procedure with CASTOR®
* Completion Plan includes Systemization and/or RFSU Blocks
« Commissioning & Startup for FLNG/FPSO/Module

» Design/Engineering Considerations

A

, « Benchmark Schedule and/or manning against projects completed
’
i » Contractor Strategy (SOW, Technical evaluation, Selection)

o ) <
".@‘ ‘PRA ICE + Identifying Commissioning Risks and Mitigation

© 2026 JGC CORPORATION Enhancing planetary health



Predictable Startup Program

Our Strengths and Experiences

Extensive experience

in commissioning

of refinery, LNG, Gas

and petrochemical plants
for a variety of clients
around the world.

Natural Gas Treating and
NGL Extraction/Fractionation

A - Petrochemical Complex

Natural Gas Processing

# L

Faa 40

l “S

GTL Complex
Grassroots Ethylene Plant
Nickel Refining Plant

8.0 ¢ Natural Gas Processing

)
L 4

———NGL Recovery

Crude Oil Gathering Station
and Pipelines

- Gas Project

- Utilities, Storage and Shipping
Facilities in GOSP Plant

- Naphtha and Aromatics Complex

- Refining/Petrochemical Complex
Ethane Cracker

Return to
Operation menu

|

Ethylene Plant

® Ref
®LNG

e O 1

® Petrochemical
® Others
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CASTO R® (Commissioning and Startup Transient Operability Review)

Do you have any of these issues?

&) Concerns on Commissioning and Startup Plan
) Lack of (or No) Experience in Plant Startup

) Introduction of Unfamiliar Equipment/Unit

CASTOR® Solution

CASTOR DB Login Screen

 Reveal risks during transient state operation at Parad V
commissioning and initial startup phase F S el oo

v

.'_' '\\3 > Guide Word

Selection

» Plan mitigation actions against risks
» Increase likelihood of successful commissioning and

e

plant startup
*  Minimize downtime due to trouble

3

» Eliminate risks of schedule delay ' ii »_

© 2026 JGC CORPORATION Enhancing planetary health



CASTO R® (Commissioning and Startup Transient Operability Review) { cR):t:;itoon menu ﬂ ]

Workflow & Results Our Strengths

Workflow of CASTOR® * Professional Process & Commissioning Engineer Teams

) *  World-class experiences and expertise in Plant Commissioning

Develop CSU Plan and Diagram and Startup as an EPC Contractor

g

A wealth of Lessons Learned about Commissioning and Startup
Review Plan with Experienced Engineers  Experiences in various types of plant like LNG, Refinery, NGL,

GOSP, Floating LNG, Chemical, etc.

J
.

Reveal Risks using Guidewords
Our Experiences

Plan Mitigation against Risks _
« CASTOR® for LNG, NGL, GOSP, Floating LNG, Ethylene, etc.

» Not only for EPC but also for FEED projects
» Develop Commissioning and Startup (CSU) Plan and Diagram * Long history of startup review as the predecessors of CASTOR®
* Review CSU Plan and Diagram with highly experienced engineers == > CASTOR Database
CASTOR®

,‘ho‘ Since 2015
nwwr  15..

© 2026 JGC CORPORATION Enhancing planetary health

* Reveal risks related to transient operation during Commissioning
and Startup using Guidewords and experiences of engineers

+ Plan mitigation actions against revealed risks

» Improvement of Operation Manuals, Procedures (SOP), Training
Programs and updating of procedures for existing plants
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Commissioning Safety

SIMOPS Study
DO you have any Of these issueS? - ¢ Construction - : SIMOPS - ¢ Commissioning

[Utility Commissioning]

& Introduction of hazardous material in areas
where construction is still in progress
v"  Electricity

Chemical

v' Chemicals A -
\/ St Electricity Steam
eam
v" Hydrocarbon |
i Hydrocarb
Our Solution 7850555
=
[ i i 1rc* Che:ical
Provide consultation on the following plans/topics: N - .
« Completion Plan e A [t 1 i

) SyStem ization [Process Commissioning]
+ Identify Safety Risks and Prepare Risk Mitigation (SIMOPS Study) e, S mmmlll77/

Hydrocarbon

« Design/Engineering Considerations (Additional Isolations) Hydrocarbon Construction
+ QRA Study with Technical HSE Engineering o
A = ® ®

Electricity Steam Hydrocarbon Hydrocarbon
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° ° ° Return to
Commissioning Safety { Operation menu ]
Workflow & Result Our Strengths
[Hazardous Zone] » Professional Process & Material Engineer Teams
clolel Schedule Merit with « Top global results and performances on Degradation

Safety Control . . . .
g Assessment, Inspection Planning, On-site Inspection.

SIMOPS
A
@

Commissioning
and JGC design data to forecast future plants’ needs

... Schedule Reduction
Commissioning

[Approach] . .
and local maintenance companies.

TR

Minimize SIMOPS

Optimize Area

Control of Risk
Our Experiences

G Achievement of Safety SIMOP
i 'T- B G i «  CSU planning using system definitions since early 1990s
i = +  SIMOPS study since early 2000s
» Continued to ensure commissioning safety in recent larger
and more complex projects.

Construction Commissioning

© 2026 JGC CORPORATION \ Enhancing planetary health

e ah * Use of big data that integrates customer plant operating data

* Collaboration between oversea EPC-capable group companies
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Commissioning & Startup for FLNG/FPSO/Module

Do you have any of these issues?

@ What shall be conducted at each location??
v At Module Fabrication Yard
v At Shipyard / Onshore
v' At Offshore (both Pre-RFSU and Post-RFSU)
@ What shall be prepared at each phase??
v" Manning (POB Plan/ Flotel)
Spare Parts/Special Tools/ Temporaries/Consumables
Logistics/Onshore Base/Storage Area
Startup Procedure/Training, etc.

<N X

Solution based on actual FLNG EPCIC experiences

@ Provide consultation on the following topics:
v" Project Completion Plan

Design/Engineering Considerations

Commissioning Execution Plan

Startup Plan, Procedure and Operator Training et

Manning including Offshore Training

NS NEE NI NN

- ,,_I L
“" FLNG/ Offshore

e

Logistics Strategy and/or Material Arrangement etc.
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Commissioning & Startup for FLNG/FPSO/Module {Si,‘:;“ﬁ?,, men 4\]

Workflow & Result Our Strengths
- Establish Project Completion Plan ) We are one of leading companies for Modularized Project &
- Establish Commissioning Execution Plan ) FLNG and have several experiences of actual project execution.
8 » Executed several Modularized Projects for both Onshore and
- Pre-commissioning (Clean & Tight) Offshore
- Preservation J « Accumulated know-how to work with Module Fab Yard and
- TS ) Shipyard
- Maximize Commissioning (Minimize Offshore Works) )
- Preparation for Offshore (Materials/Manning etc.) * Executed two (2) FLNG EPCIC Project (see below photos)
J . .
» Executed Construction Management and Completion
- Hull & Marine Operation Support Service for Prelude FLNG Project

- Preservation

Our Experiences

- Offshore Installation

\)
B\ S - Reverification of Onshore Works & PSSR
&0 - Smooth Startup as per SOP
\3

- Ramp up & Performance Test

© Successful Project Completion Petronas FLNG-2 EPCIC ENI Coral FLNG-2 EPCIC
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INTEGNANCE VR-Fast Digital Twin Maintenance Viewer

Do you have any of these issues?

N 3D Viewer 3D scanning

”N\ development/provision
(INTEGNANCE VR)"

® INTEGNANCE VR

Brownreverse

() Struggling with promoting DX to aging
plant which doesn’t have 3D model

(29 Wasting time on Site Visit for repair work
planning, inspection planning, and daily

maintenance work planning ( "

Cwro 10024

() Outdated or missing blueprints T ' S [EIIOLETIE

\.
\

Our Solutions

« Our “Fast Digital Twin” replicates your plant
as 3D model within 3 days at the earliest

* Without going to the site, maintenance
planning can be developed via web ' n Al ="

- Direct recording into a 3D model with fp sl A > }
tablets on-site is an efficient way to share Z

A SR int cloud model '
dar £ NS -

site data without the need for blueprints
MINTEGNANCE VR is developed by Brownreverse which is one of JGC group companies.
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INTEGNANCE VR-Fast Digital Twin Maintenance Viewer

Key Features

@zIII\JTE.GNAN‘C:E - . 3D Simulation Desktop Survey Anytime Anywhere Access

VE-001 Dea . _ .
Planning of scaffolding Measure the length No special hardware
—— _ | area, Checking of between two points on required.
~ e —— | e e Material delivery routes, | the display without Easy sharing thru URL.
L X Riamt : HE-001: Cooler B ormplicated reading the drawing or collaborative editing by
—— V= \ N e Limema B Construction, etc. measuring the actual multiple users.
> ' ) % o | = 10-GE-0001-NR g |ength in the site. @
— v N || 1 = - — 12-GE-0001-NR
— . 16-GE-0001-HR -

rator

e | sk | 2 ORI B Automatic Piping Recognition ®
',ﬂ' S == f— ' B Mapping of corrosive loops and corrosion — 1

il /damage focus areas on 360 panorama image %3
Apps for Windows/iOS

... Automatic Isometric Output Automatic Flange/Valve Detectio

Auto detection of flanges/valves positions form
360 panorama image by utilizing Al machine
learning technology

[ "1y £

I

=17
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INTEGNANCE VR-Fast Digital Twin Maintenance Viewer

Use Case

Direct recording of 3D model into tablets on-site

saves 22,500hr annually. (45% reduction)

|

Outdated drawings

With sketching
Complicated to manage

T

[ Return to
Smart O&M
| Solutions menu

BEFORE AFTER

\//

W-v

©

Direct on-site recording
= Reduction of time and work
for preparation and reporting

1
S~
Q

Al m.

- Difficult to identify
managing location

Check information all at once
= Optimized planning

®

- Field survey is essential S— ’ &

for planning

Record location information

Photographs/details/incidental work, etc.  Effietent [6formatinr Sharing

Record all related information together

System Integration

Integrating data infrastructures with WEB API makes it easier to reference

and update related information on INTEGNANCE VR.

Our Experiences

Over 50 Sites

Providers
under consideration
ath:-
= BT AVZVA fgmexacon | INTEGNANCE VR has been
: A [cDF] [AIM] [5Dx] adopted to over 50 sites.
— A P | — Facility/operation
Linkage FU]lTSU YOKOGAWA B s& vernova Recent news:
[PLANTIA] [PI-System] [Meridium] .
’ INTEGNANCE VR was adopted for an ammonia
_ production base in Indonesia for a joint study on
. _cunstr_uctlon !/ L . . .
viewer Lzt m m VALQUA reducing GHG emissions.(Sep 2024)
[A-MIS] [CoreSafety] [sPM]

© 2026 JGC CORPORATION \ Enhancing planetary health



m Operational Excellence Services

Smart O&M Solutions
MODS Connect

S

Operational
Excellence
Services

smart O&p,
Solution

Smart Turnaround Management

Contact Us
I'J-'} Technology Inquiries | Contact Us | JGC HOLDINGS CORPORATION

Access to Our Homepage
l;-'} https://www.jgc.com/en/business/epc/operation-maintenance/service/

Access to MODS Connect
l;-'b Industrial Construction Management Software | MODS Connect | MODS



https://www.jgc.com/en/business/epc/operation-maintanance/service/
https://www.jgc.com/en/business/epc/operation-maintanance/service/
https://www.jgc.com/en/business/epc/operation-maintanance/service/
https://www.jgc.com/en/business/epc/operation-maintanance/service/
https://www.jgc.com/en/inquiries/technology/input
https://www.jgc.com/en/inquiries/technology/input
https://www.mods.solutions/mods-connect/
https://www.jgc.com/en/business/epc/operation-maintanance/service/

MODS Connect-Smart Turnaround Management

Do you have any of these issues?

» Desire efficient information sharing and status
update with digital tools during turnaround

* Struggling with transitioning to paperless work
management

* Need to optimize the turnaround plan effectively

Concept of MODS Connect for Turnaround

* A cloud-based solution that digitalizes, visualizes and
automates Turnaround Project workflows, MODS
Connect simplifies processes, improves safety,
optimizes cost and time efficiencies.

* It enables remote collaboration and information
sharing to help users make best decisions every day
from turnaround planning to execution.

As flexible as comprehensive MODS Connect ecosystem
includes 5 intelligent modules that connect in any combination.

==-mods ==-mods
"

=T deS =F-mods
a8y s

==~-Mods

> Fabrication

> Completions

Facilitate a controlled, staged
transfer of responsibility under
each discipline via an intelligent
centralized database.

Intelligently track components throughout
the upstream fabrication process to
provide transparency, traceability and
reliable supply-chain control.

> WorkPack

Go paperless with digital work packs
for more intelligent, transparent and
accountable project execution

> Integrity

Provide the digital intelligence to
ensure leak-free startup, process
safety and major hazard avoidance.

> Materials

Intelligent inventory control of
materials, equipment and
components to ensure delivery on
time, in sequence and to the
correct location.
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Return to

MODS Connect-Smart Turnaround Management Smartoum 4

[ Fiertocrtical Path Colour Key: Execution Not Started Execution In Progress  # Execution Complete
Seamless Turnaround Management o S o
. . — — | =0 Desktop
MODS Connect achieves seamless interface management ez = [ =D
. . o . OWP-DP-001C 01-Nov-2024 12-Nov-2024 [0 ] /P-DP-0 m
during turnaround activities - — o &

Shutdown

144680 3 X =< . 96%8

Commissioning
& Start-up OWP-DP-0018

Pre-Shutdown

Planning

Ll Job Card Number Scope Complete

Please Complete Scope for

> 1.Planning to Pre-Shutdown CPOOT

Please Complete Scope for

Manage the pre-shutdown work by assessing risks, scheduling T

tasks, and preparing resources based on the accumulate past —— cP
experiences and knowledge in the database. Mobile app

Gant chart monitoring and managing of activities on desktop and mobile app

> 2.Pre-Shutdown to Shutdown
Assign successors and predecessors to define the path of Client’s Benefits

shutdown work, identify execution requirements to allow
constraint management

* Reduces costs, for example, by reducing time spent searching for
> 3.Shutdown to Start-up pi€, by 9 P g

. . . . data by ~50%.
Monitor shutdown work progress utilizing mobile devices, )
complete installation and quality records on mobile » Improves safety through transparent, streamlined workflows to

technology to provide real time tracking. minimize risk and increase the awareness of teams.

Visualize shutdown to commissioning handover. . .. ce -
« Streamlines complex processes and maximizes resource utilization

> 4 .Handover

Provide Realtime handover acceptance for operational hand
over and stable operations

© 2026 JGC CORPORATION \ Enhancing planetary health
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Piping Remaining Life Al Prediction

Do you have any of these issues?

* Unexpected incidents from piping corrosion

Excessive inspection workload due to numerous TMLs ()

(Need to focus on critical locations)

Inability to reflect operating condition changes in
remaining life

Difficulty securing skilled personnel
® Thickness Measurement Location

Conventional vs. JGC Al Method

« Conventional

» Based on past thickness data only

 Static corrosion trend analysis

* Inspection planning based on historical records
* New Al Method (JGC solution)

» Combines thickness and operating data

« Dynamic corrosion prediction

« Data-driven, optimized inspection planning

» Enabling proactive and optimized integrity management

Thickness

Initial
Thickness

1

1

:
MATCHE - o oL ,:, o

1

Without consideration of key operating
conditions affecting corrosion

Leakage

1

1

1 I |
'4 Years | 4 Years | 4 Years
]

R S
|
I
I
1

| 1 ,
Inspection Inspection  Inspection Planned Time
Inspection

Conventional Prediction Methods

Thickness

Initial

Thickness|

MAT(**)

(**) MAT : Minimum Allowable Thickness

A With consideration of key operating conditions
affecting corrosion o

|l

operating conditions
(additional inputs)

Enable early
intervention
before failure

T
I
I
_—— L -
|
|
I
I

I 4 Years : 4 Years : 4 Years |
| I
I I | |

Inspection  Inspection Inspection Planned Time
Inspection

JGC Al-Driven Prediction Method
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Piping Remaining Life Al Prediction

Continuous Improvement Through Lifecycle Operation User Benefits
The system continuously improves accuracy throughout the plant lifecycle + Condition-based predictions under changing
after initial development, through ongoing operation and periodic updates. operating conditions
Development Phase » Highly accurate decisions regardless of
« Initial Al model training using historical thickness and process data experience
Operation phase « Optimized operating conditions based on

« Continuous prediction based on operating data (e.g., flow, pressure, corrosion behavior

temperature, pH) * Preservation and sharing of expert knowledge
* Model updated periodically with new inspection results (e.g., SDM)

Automated Data
Operating Conditions Acquisition
(e.g., temperature, pressure,
flow rate, velocity, fluid

properties) Input

Past Operation
%} | Operating Condition data Data
v Past Inspection
Change Al-Based Data
H ” Operc?tjon . .
Operator M0 papy Corrosion .
. . Model trained on actual plant data from:
T Prediction Model * 4 Refining Companies / 7 units
Output * 1 Petrochemical Company / 1 unit
Change % ) -
Production + Corrosion rate prediction
Plan + Remaining life estimation
Judge ” H |
| Inspection or Maintenance
Replace Engineer
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Piping Remaining Life Al Prediction

Key Features

m Daily Prediction

e Predict remaining life based on latest operating data (up to the previous day)
m  Planning Support

e Predict remaining life at specific future timings (e.g., next SDM)

e Enables optimized inspection planning
m  Simulation

e Simulate remaining life under planned operating conditions

e User-defined scenarios can be evaluated in advance

Pipe Internal Corrosion Al Prediction (Daily Prediction)

Return to
Smart O&M
Solutions menu

Result_All Summary Back
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STNo.  CRMedi CRMax APLCR R'y"&”rl" state
M-01 0.02 0.04 0.03 27.5 | |
M-01A 0.0 0.0 0.03 99.9 n
M-02 0.01 0.03 0.03 78.2 [ ] bl H I H H f
M-02A 0.05 0.05 0.03 50.6 n Ena e tlme y InspeCtlon o
M-03 0.01 0.05 0.03 47.2 n °s®
Woe 00 00 o o m critical TMLs upon alert
M-05 0.0 0.0 0.03 99.9 | |
M-06 0.0 0.0 0.03 99.9 n
M-07 0.0 0.0 0.03 99.9 n
M-08 0.0 0.04 0.03 83.7 n
M-08A 0.0 0.0 003 999 m
M-08B 0.0 0.0 0.05 99.9 |
M-08C 0.0 0.01 005 62 ®m
M-08D 0.0 0.04 0.03 17.6 n
M-09 0.0 0.03 0.03 58.3
M-09A 0.0 0.0 0.03
M-12 0.0 0.02 0.03
M-13 0.0 0.01 0.03
M-15 0.03 0.03 0.03
M-19 0.0 0.0 0.03
M-19A 0.0 0.0 0.03
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Al TML Assessment

Do you have any of these issues?

« Experience with unexpected leaks in non-TML ) piping.
« Concerns about adequacy and sufficiency of existing TMLs.

* Need for efficient allocation of TMLs for new piping in
accordance with standards and regulations.

(*)TML: Thickness Monitoring Location

What our solution is

1. Automated Identification of Component & Flow Direction

» Reads spool drawings to automatically extract and structure

piping components, flow directions, and other related information.

Down

Flow Direction:

5u. _{ff{f~\\\

Com

Equipment nozzle

ponent:

Component:

Elbow

Component:
Tee

1. Automated Identification of Component & Flow Direction

T

Colored dot: Assigned TML

2. Rule-Based TML Assignment

* Client-specific TML assignment rules can be pre-set.
(e.g., place TML on piping at every 50 ft.)

» Then, TMLs are automatically assigned based on pre-defined rules.

1™
‘ N
- |
o
'

e E.S‘l-.

e

':a\‘

3 |

-

|

|

|
T

|
-+
"

N

i%:

Color of a dot: Inspection interval based on rule

Category | Inspection Interval
2 years

3 years

4 years

5 years

m| |G m

Mo fixed cycle / Opportunistic

2. Rule-Based TML assignment
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Al TML Assessment

TML Assignment Flow

Rule Definition IZ> Spool Drawing Input > Automated TML Assignment

T
i
|
|

B e

e.g.
* TML position: Upstream side of an elbow

* Flow direction
Downstream: Up
Upstream: Horizontal
* Inspection interval: Every 5 years

* Defines rules for assigning TMLs » Supports multiple spool drawing « Automatically assigns TMLs based

to piping locations based on formats (e.g., AutoCAD, PDF) on identified components, flow
client's standards and/or direction, and pre-defined rules.
Note:

procedu res. Can process 100 drawings in two weeks Note:

Colored dots : System-assigned TML.

\ Enhancing planetary health
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Al TML Assessment

{ Return to

User Benefits

Identify Gaps in TML Coverage

* The system can compare existing TMLs with Al-recommended TMLs to * Full Visibility Beyond TMLs
identify gaps. S _
Enables complete TML visualization, including areas

* The user can evaluate whether existing TML coverage is sufficient. without predefined TMLs.

91 * Rule-Based TML assignment

99

99

Automatically identifies inspection points and
highlights missing TMLs.

Reduce engineering hours and human error

Eliminate manual drawing interpretation and reduce
human error.

sl [N 8 | 86 . .
' 503 L 96 - - High-Speed Processing
0% NP NN ings in i
b Ly g B % Process 100 drawings in just two weeks.
501 Q%# 508 NO\O\?\X(
e S 9 W 98
93 80 N8 93 80 »o,)
Note:

Right: System-assigned TMLs
Numbers: Existing TMLs
Red circles: Missing TMLs (gaps)

Enhancing planetary health
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INTEGNANCE TR-Predicting Failure of Rotating Machinery

Do you have any of these issues?

* Need to predict failure event to minimize

Analysis from Prediction
past data for future
<+—rt——— >
— W
=3 ||l - : A
i Analysis & :
< RN Prediction ‘

production loss

| Measurement |

| Data Transferring |

* Need to optimize maintenance plan and cost for
rotating machinery with or without existing sensors
« Struggling to accumulate maintenance knowledge

What is INTEGNANCE TR

*  Web-Based Analysis Tool:
INTEGNANCE TR, one of JGC in-house software,
analyzes and visualizes the predicted condition of
rotating machines by modeling time series data
from sensors (e.g., vibration, temperature).

* One-Stop Service:
Provides comprehensive services, including the
installation of sensors and gateway devices to
connect equipment to the cloud, Al modeling, and
cloud-based visualization, all with secure data
transfer protocols.

son

Medium : 35%

Low : |l Medium :

®Time series regression forecast for Rotating machinery

Failure Risk

a1

Visualization on dashboard helps you

to manage the risk on each equipment
and optimize maintenance plan

Our service connects sensors
and loT Gateways using any
protocol (e.g. LPWAN®)

(**)Low Power Wide Area Network

Alert . Failure Risk Failure Risk Forecast Recommended

Condition Graph Count (now) (After1yr) Alert Date Maintenance Date

Equipment

Threshold : expected life i

1
e
o
b=
©
o
2
b
c
o
=
©
©
Ry
GJ
|}
1%}
<

High : Il

|Thresho|d : Alert to maintenance work
T
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INTEGNANCE TR-Predicting Failure of Rotating Machinery

Linkage with Virtual Reality Future Features of INTEGNANCE TR

 VR-Based Visualization (INTEGNANCE VR) - Al Navi® Integration:
Visualize equipment and failure risks from INTEGNANCE Get advice based on past failures, actions taken, and
TR in a 3D plant. operating data.

* Faster Anomaly Response o . * Prescriptive Maintenance:
Technical staff can quickly identify issues and take action Combining INTEGNANCE TR and Al Navi for proactive

= @ INTEGNANCE TR [@

using 3D visualization. @IN'IiEG_NANE:E WL see Details solutions.

quickidgentification | * Knowledge Standardization:
®high foture ik Al Navi captures and standardizes expert knowledge for

high failure risk
sustainable transitions.

Al Navi is under development by JGC

Training Al using the past failures, maintenance record and the action taken

7w

INTEGNANCE TR INTEGNANCE VR
(Fast Digital Twin Maintenance Viewer)
Our Strengths

Training Al using the operating data

Al Navi support

_‘r/

R Advice about the
{ recommended actions

1D Anomaly detection  Question

alert from I-TR

* Customized Al Algorithms:
Leveraging extensive plant engineering expertise, we develop

17 N S ,
tailored Al algorithms for specific equipment and situations. o ‘ Whats the.
* Flexible Integration: '_b L -
. i g Advi
Our system seamlessly connects with sensors from any vendor. b Take actions L e
° COSt-EffeCtlve: - Workflow for failure prediction alert from INTEGNANCE TR(I-TR)

Data flow for training Al

We offer low implementation and licensing costs.
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INTEGNANCE TR-Predicting Failure of Rotating Machinery | irios 4\

Use Case : Failure Prediction in Oil Refineries

Client: Japanese oil refinery Client benefit

- Requires a maintenance for the equipment in offsite area ® Prevent Unexpected Shutdowns: _ .

- Approximately 300 rotating machinery with a sensors Timely maintenance prevents unexpected equipment failures.
which cause alarms when their value is over the threshold. * Remote Monitoring:

« The alarms included non-critical alarms such as spike Expanded from 300 to 800 rotating machines monitored remotely.
noise, false alarms. » Reduced Maintenance Costs:

Optimize maintenance schedules to reduce costs.

Pilot Implementation
Initial Setup - Validation of Al model

Full-scale Operation

Go Live and Roll Over

« Utilize Existing Sensor: * Trend Detection: . Go Live:

Identified a vibration Identified increasing vibration (Pump &) SLTLY Full-scale operation of INTEGNANCE

aclcel(learlatldon WanmOfb‘l'F g acceleration trends in various , 7 TR has been commenced.

valuable data and utilize types of rotating machineries. e i

existing sensor. . Condition Check: / * Roll Over:

e ondition Lheclk: Expansion of INTEGNANCE TR in the
+ Al Model Development: Client inspections confirmed (Pump € _Mixer &) Client’s other two plants as well and
- failure symptoms actually in these monitored approximately 800 rotating

Developed and trained an rotating machineries. o ' machineries in total.

Al model using past sensor e ]

data. e
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Plant Smartification with Al Technology

Do you have any of these issues?

@ Lack of specific expertise for O&M improvement

@ Decline in productivity due to plant aging

@ Accumulated large amount of data but not being used

@ Knowledge gained through the experience of senior O&M

personnel is not shared well with other members of the team.

Why choose an Al Solution with [ilt§

Know your
Process Design

Longstanding
O&M Service

Multi-field
Engineers

Extensive achievement in process
engineering for various types of EPC project

Our team has wide knowledge and
experience in O&M service

Our engineers can propose Al solution with
multiple fields including process, pressure
vessels, rotating equipment, static equipment,
electrical, instrumentation, HSE, etc.

Excellent
Al experts

30+ Cases

Various Types
of Facilities

Extensive successful experience in
providing Al solutions and well-
developed implementation methodology.

Prediction of catalyst degradation, Digital
systemization of O&M, Equipment Failure
Prediction System...etc.

Oil Producing, Power Plant, LNG Plant,
Chemical plant, Space station, Waste
treatment plant...etc.

© 2026 JGC CORPORATION \ Enhancing planetary health



Plant Smartification with Al Technology

Our Solution

.I' Operation
- Visualization
Anomaly
Detection

Prediction of
age-related

?/\/i Productivity
i

Improvement

Specific time

for root cause

R e

© 2026 JGC CORPORATION

deterioration.

Trace the process determine the cause Time-dependent

Visualize plant operation data to
intuitively determine operating conditions

Quickly detect abnormalities and
analyze causes to prevent any
unforeseen events and trouble

Predicts age-related deterioration of
catalysts, solvents, etc., and suggests
optimal replacement times.

Incorporating external factor such as
climate data into operational data
analysis to improve productivity

O Machine Learning

Forecast Period
A

xupj,vhmw

Performance >>

1 Machine Learning Period

Time >>

catalyst deterioration

Our Approach

Discussions between client and JGC data

analysis engineers (1.5-2 hours/workshop x 1 or

more times as required).

« lIdentification of customer recognized and
potential issues

Workshop

Proposal

» Planning of problem-solving measures
« Confirmation of quantity and quality of data

Contract required for data analysis

Offer the best methods such as:
* Report on cause investigation, etc.

Mobilize e Al software (GUI of customer's choice)
Team and «  Automation system
Engineer « Image identification equipment
« Consultant for customer's Al construction
and use

y

Al Digital Solution

» Enhancing planetary health
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Case Study: Analysis equipment clogging factors in Chemical plant [ Solutions m

Solutions menu

(1) Issue
@ Equipment clogging occurs frequently . Operation condition
caused Clogging
@ To clean the clogging, the plant had to be shutdown and resulting in a =5 /
significant loss of production. 5=
@ Difficult to analyze the large number of operating conditions under gined 37
\
which clogging occurs. Flow
gging omp- 36 N
. ’
(2) Our Solution 3;4 condition
Step-1.To.develop Al model based on algorithms for LightGBM Classifier 25 0.4
model to investigate operating conditions during clogging for the K>% 0.56 @L@
past 10 years % 3 0.58 Q\°$
Step-2 The model calculates clogging in real time during operation and
extracts operational factors (e.g., sensor values) related to blockages Fig.1 3D visualization of elements causing clogging
sequentially.
Step-3. Approximately 20 factors representing operating conditions that (3) Client’s Benefit

contribute to blockage were found. The top three factors were Improved productivity was achieved by operating to

visualized as a three-dimensional plot. (Fig. 1) orevent clogging

Step-4 The result allows engineers to properly analyze the elements causing
the clogging and develop an efficient solution.
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