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Disclaimer

All trademarks and images depicted in this presentation, belong to their respective owners.
The use of any third-party trademarks and images is solely for illustrative purposes and does
not imply any affiliation with or endorsement by the trademark owners.

All rights to these trademarks and images are reserved to their respective owners.
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Background

Malaysia has demonstrated a strong
commitment to addressing climate change by
setting ambitious goals to reduce its
greenhouse gas emissions.

As a signatory to the Paris Agreement, the
country is pursuing impactful strategies to
contribute to global efforts in mitigating the
effects of climate change.

6 PETRONAS




[Op en] Source : National Energy Transition Roadmap

Context settings

e Malaysia urgent shift to sustainable energy is fuelled by global
commitments, particularly the Paris Agreement and the need to
fortify economic diversification and energy security.

National Energy
Transition Roadmap

Energising the Nation, Powering Our Future

Industry related to the energy transition has the potential to be a 77
new source of growth that can benefit from the global market.

Malaysia's GHG inventory, MtCO:z2eq (2019)

400 -
Energy sector 28 10
contributes to 78.5% (8%) (3%0)
of total emissions 33 O
(8%) N
300 65 N
210 | [

154

200 -
116
100 - -215
!
Energy’ Transport IPEU Waste Agriculture LULUCF Total
(excluding
Transport)
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Source : National Energy Transition Roadmap
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Context settings
()
(

o NETR) sets the goal
National Energy to accelerate energy
Tra_r_\sitio_n Roadmap

transition and change
the way energy is
generated to improve
climate resilience. 79

N ETR outlines:

50 initiatives under
6 energy transition levers and

5 enablers.
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Malaysia National Energy Transition Roadmap (NETR)

Exhibit 3.3: The four guiding principles of NETR

A /4
T ——
Based on national Just, inclusive and Effective governance High-impact job
aspirations and cost-effective and whole-of-nation opportunities, SME
commitments approach involvement in the

ecosystem

Exhibit 2.3: The DTN Framework
Framework of National Energy Policy, 2022-2040 (DTN)

Vision
Energy sustainability towards
achieving shared prosperity
3 Objectives Macroeconomic Social equitability Environmental
resilience and affordability sustainability
and energy security
. Optimise energy Stimulate growth, Enhance Ensure energy
4 Strategic resources to stimulate market opportunities energy-sector security towards
thrusts sustainable economic ~ and costadvantagefor contribution towards fiscal sustainability
growth the economy and environmental
people sustainability
3 strategies 3 strategies 2 strategies 3 strategies
11 Strategies
1 cross-cutting strategy
12 action plans 8 action plans 4 action plans 4 action plans
31 Action
plans 3 cross-cutting action plans
Strengthen enablers for effective delivery
5 Enablers G Policy & Financing & Human capital & Technology &
overnance " N AT .
regulation investment capabilities infrastructure

PETRONAS
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Exhibit 3.2: Parts 1 and 2 of the NETR

NETR Part1

Identify flagship catalyst projects and initiatives

6 Energy Transition Levers 10 Flagship Catalyst Projects

Energy Efficiency (EE) Efficient Switch
Renewable Energy Zone (RE Zone)
Renewable Energy (RE) Energy Storage
Energy Secure
Green Hydrogen
Hydiogen Hydrogen for Power
Bioenergy Biomass Demand Creation

Future Mobility

Green Mobility
Future Fuel

Carbon Capture, Utilisation
and Storage (CCUS)

NETR Part

CCS for Industry

Establish low-carbon pathway, energy mix and emission target reduction for the energy sector

Energy transition ambition and macro position

Energy
transition
levers

EE RE HY Bl GM CcC

Carbon Capture,
Utilisation
and Storage

Green
Mobility

Renewable
Energy

Energy

Hyd
Efficiency ydrogen

Bioenergy

Cross-cutting Enablers

Financing and
Investments

Human Capital
and Capabilities

Policy and
Regulation

Technology and

Infrastructure Governance

EE

Energy
Efficiency

RE

Renewable
energy

HY

Hydrogen

BI

Bicenergy

Green
Mobility

Sector and Key Driver

Source : National Energy Transition Roadmap

2040 2050
DTN NETR

Responsible
Transition

Low Carbon
Nation Asp.

Industry and Commercial energy
efficiency savings (%)

Residential energy efficiency savings (%)

Coal share of installed capacity (%)

RE share of installed capacity (%)

Green hydrogen production (MTPA)
Grey hydrogen feedstock phase off (%)
Hydrogen hubs (#)

Biofuel capacity (billion litres)

Bioenergy power generation (GW)

Urban public transport modal
share (%)

XEV (4W) share of fleet (%)
E2W share of fleet (%)

Light vehicle fuel economy
Heavy transport fuel economy

Biofuel blending for heavy
transport (%)

Hydrogen penetration for heavy
transport (%)

LNG penetration as alternative fuel
in marine transport (%)

Green fuel penetration in marine
transport (%)

SAF blending mandate by 2050 (%)

Number of CCUS clusters (#)

CO:2 storage capacity (Mtpa)

[ 11% ] [ 23% ]
C= ) C= )
( 19% ] | 0% )
( 41% ] | 70% )
( 50% ] | 60% )
( 38% ] [ 80% ]
N/A 80%

N

I

~30%

N/A ~24%

( B30 ] | B30 ]

25%

4
o
>

N/A 40%

N 47%

N/A

w
&

N/A 40-80
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PETRONAS' net zero carbon emissions
by 2050 pathway presents our mid- and
near-term emission reduction targets
and growth ambitions for new energy

solutions
NET
ZERO

2050
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[Open] Source : PETRONAS Pathway to NZCE 2050

NZCE (Net Zero Carbon Emission) Target

2024 O 49.5 cap for PETRONAS’ Malaysia operations (. Greenhouse gas @ /cihanc emissions (included in )
]
]

MtCOse emissionst greenhouse gas emissions target)
|
202 o Methane emissions reduction for PETRONAS
5 . 50 /0 Groupwide natural gas value chain operations?
: PETRONAS decarbonization efforts
. will anchor on four core strategies:
]

o Greenhouse gas emissions reduction for
2030 » 25 /o PETRONAS Groupwide

' Zero routine flaring Electrification
: o Methane emissions reduction for PETRONAS and venting
. 70 /o Groupwide natural gas value chain
" operations®
]
i \_. o) Methane emissions reduction for Malaysia's C
L arbon capture and
: 50 /0 natural gas value chain operations? Energy efficiency P
: storage
|
]
[ ]
|
. NET

2050 z E Re Net Zero Carbon Emissions for PETRONAS

2050
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Source : PETRONAS Pathway to NZCE 2050

Efforts on ELECTRIFICATION and ENERGY EFFICIENCY are currently intensified to support
other decarbonization levers, to meet the GHG emission reduction target by 2030.

54.87 MtCO,e* A

Nature-based
climate
solutions for
hardest to abate
emissions

&

Energy Electrification || C2rbon capture
efficiency and storage

Carbon offsets

lllustrative contribution of emissions abatement levers in 2050

6 PETRONAS ~ As a result of our enhanced emissions accounting practices, which includes a change in organisational boundary, we have adjusted our 2019 baseline © 2023 Petroliam Nasional Berhad (PETRONAS) | 12

reference to 54.87 Million tCO,e (previously calculated 57.73 Million tCO,,) via equity share approach : PETRONAS Integrated Report 2022

Internal


https://www.petronas.com/integrated-report-2022/
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2. Regulatory, Policy & Standards
Requirement

Malaysia status of Energy Mix
Malaysia Energy Policy & initiatives
IOGP standard reference

Internal standards & initiatives

6 PETRONAS




[O pe n] Source : National Energy Transition Roadmap

Exhibit 4.3: Malaysia’s projected TPES by 2050

MalaYSia Status Of Energy Mix Total Primary Energy Supply (Mtoe), by energy source

Starting point Low Carbon Nation Aspiration

Responsible Transition (2050)
(2023) (2040)

117
20
(17%)
20

NETR continue to project the forecast of >
Malaysia Energy Mix as established in DTN. s

(17%)

46
(39%)

41
(43%)

57
(56%)

33 31 21
(v
(35%) (27%) (21%)
2023 2040 2050
Ml Renewables forhydrogen [l Renewables' [l Coal M Natural gas Crude oil, petroleum products and others

Exhibit 5.2: Projected powersystem installed Capacity mix 2050 1. Includes bioenergy, solar, hydropower and hydrogen

Installed Capacity (GW) 97

Solar Growth
+149% CAGR

— 58%
56 52%

2025 2030 2035 2040 2045 2050

PV -Hydro -Bioenergy Oil -Gas -Coal



[Open] Source : National Energy Policy

Malaysia National Energy Policy (DTN)

NATIONAL . | |
The National Energy Policy, 2022-2040 (DTN) strategicall
ENERGY gy Policy (DTN) strategically

™ charts the way forward and outlines key priorities for the
2% POLICY energy sector in the coming years.

The DTN will position the energy sector as a catalyst for
socioeconomic development.

The DTN's progressive Low Carbon Nation Aspiration will
also ensure that the energy sector takes full advantage of
opportunities arising from the energy transition, as well as
ensure the sector is future-proof and strategically
positioned to meet subsequent challenges.

6PETRONAS © 2024 Petroliam Nasional Berhad (PETRONAS) | 15



IOGP Standard Reference (1/2)

International
Association
of OiIl& Gas
Producers

The International Association
of Oil & Gas Producers is the
petroleum industry’s global
forum in which members
identify and share best
practices to achieve
Improvements in health,
safety, the environment,
security, social responsibility,
engineering and operations.

6 PETRONAS
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Delivering a low carbon future
- call for participation

Source : International Association of Oil & Gas Producers (IOGP

The "Progressing a Lower Carbon
Agenda” initiative was released in
July 2021 with the objective to fulfil
industry needs to make coordinated
step change to reduce carbon and
lower emissions.

The initiative identified four (4) key
themes, progressed based on
Opportunity Framing workshops
with [OGP Engineering Leadership
Council (ELC):

1) Carbon Capture and Storage,
2) Electrification,

3) Energy Efficiency,

4) Flares & Vents

srhad (PETRONAS) | 16



[Op en] Source : International Association of Oil & Gas Producers (IOGP

Delivering a low

IOGP Standard Reference (2/2)

International
Lo d % [ | _t g Association
of Qil& Gas
Producers

w

Recommended practices for | Efficient use of energy in oil and gas
electrification of oil and gas facilities | upstream facilities

About About

This recommmended practice provides recommendations for the electrification of oil This Report shares recommended practices for energy management and

and gas land other petrochemical processing) facilities to reduce their greenhouse optimization for the design, installation, and operation of new and existing
gas [GHG) emissions. The use of electricity for shaft power [compression, pumping) equipment and systems. This Report will enable companies to evaluate their
and heat [fired heaters, boilers] allows the facility to use low/no carbon electricity to current energy efficiency practices from an organizational, asset, system, and
reduce GHG emissions from burning hydrocarbons. equipment-level perspective to identify gaps and improve energy efficiency.

6 PETRONAS srhad (PETRONAS) | 17



Internal Standards & Initiatives

GROUP HEALTH, SAFETY, SECURITY AND ENVIRONMENT

SUSTAINABLE DEVELOPMENT MANAGEMENT (SDM)

treard

PETRONAS

DIVISION (GHSSE)

GUIDELINE

GHSSE/ESP/PR0/2020/01

October 2020

© 2020 Petroam Haslons! Berhad [PETRONAS|
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Overview

Typical Power Electronics applications

Power Electronics (PE) plays a pivotal role in the

energy transition, enabling efficient and reliable
conversion of electrical energy across diverse
applications in the oil and gas industry.

The advanced systems are crucial for driving

sustainable practices and enabling the shift towards
renewable energy sources.

Power Converters Semiconductors

The backbone of
power electronics,
transforming and
regulating electrical
power for various
applications, e.g. AC
to DC or DC to AC,

Control Systems

Essential components
that are used to enable
precise control and
efficient power
conversion, e.g.
transistors, diodes,

Sophisticated control
algorithms and
microprocessors used
to manage the
operation of digital /
power electronics

6 PETRONAS

etc.

advanced components
such as MOSFETs and
IGBTs, etc.

systems, to ensure
reliable and optimized
performance.
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Power Electronics - Energy Transition tools for Oil & Gas Industry

fiifstitil

Power electronics play a vital role in the oil and gas industry, enabling efficient and reliable
operation of critical systems in upstream & downstream assets / facilities.

Many power electronics technologies, such as inverters, converters, and motor drives, have

been used to help optimize energy consumption, reduce maintenance costs, and improve the
overall performance and safety of oil & gas operations.

gPETRONAS © 2024 Petroliam Nasional Berhad (PETRONAS) | 22



Source : PETRONAS Sustainability Report

e o Oil & Gas Business
supply chain

= Export
. II |Ilﬂ
Processed Gas/Peninsular Gas

Utlisation (PGU) System

Exploration,
Development and
Production

Regasification Terminal
':f, . « Powver Sector
\\/ ’ ‘ + Industrial Sector

= Residential
Sector
« Commercial

Sector

il

il

. '”““

Agricultural
Sector —
Ethylene,

. Methanol, MTBE
« Transportation Sector i '
~ Diesel, Gasoline, Jet Polysthylene.

Fuel and Lubricants Propylene, U_rea
and Ammonia

|EE|

Fﬁ”ﬂ@ =sE0
| | |
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Power Electronics in Downstream

Power electronics play a crucial role in various downstream oil and gas operations, including refining, petrochemical
processing, and distribution. They enable precise control and optimization of electrical systems, driving efficiency and
reliability across the downstream supply chain.

Downstream applications leverage power electronics for motor control, variable speed drives, and process automation,
improving energy efficiency and reducing operational costs. They also support critical safety and monitoring systems,
ensuring safe and reliable operations.

Key Initiatives

Energy Transition Lever: Energy Efficiency

Base Technology (EE] UPS N
[EE] AC / DC Generation — Speed/Excitation and P/Q control interfaces m Initiatives
[EE] Protection Device & System — Numerical electronic relay, logic control, Advance FCL EE3 Enforce mandatory audits for large commercial and industrial
[EE] Motor & Drives — VFD and Soft Starter, Thyristor Controller, Power Electronics Heater Controller buildings
. ) o . ) . EE4 Establish green building codes for energy-intensive residential and
Key [EE] Electrical Network Automation (ENA) — SCADA, ENMCS, IMCS, CPC, Digital Twin, IT/OT architecture, Cybersecurity commercial buildings
[RE] Sustainable Energy Technology — Solar (PV & LSS), BESS, EES Launch a major EE retrofit initiative amongst government buildings
[EE] Power Conditioning Device — Var Compensator, FACTS, STATCOM, integration with Harmonic filter, PF correction, etc.
. o _ o m Initiatives
Pacing [RE] Electrification — Energy hub (E-Hub), Transmission & distribution system (HVAC / HVDC), . .
[EE / RE] Smart Grid — Distributed Energy Resources (DER), MicroGrid, I0E (Internet of Energy) REL s
[RE] Energy Storage (other) — Fuel Cell, Super Capacitors, SMES (Superconducting Magnetic Energy Storage), Hydrogen REZ Promate floating solar and agrivoltaic technology
. RE3 Expand virtual aggregation model for rooftop solar
Emerging [RE] Alternative Energy — Geothermal, RE4 Develop plan for accelerated investments oftransmission and
distribution
REG Set up RE exchange hub to enable cross-border RE trading

)
g 1]
:

£l

Downstream

L1
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Power Electronics in Upstream

Power electronics play a vital role in the upstream oil and gas industry, enabling efficient and reliable operation of
critical systems on offshore platforms and drilling rigs. These applications include variable speed drives for pumps,
compressors, and other rotating equipment, as well as power conversion and control for offshore wind turbines and

subsea systems.

Power electronics technologies, such as inverters, converters, and motor drives, help optimize energy consumption,
reduce maintenance costs, and improve the overall performance and safety of upstream operations.

Key Initiatives

: e
aS€ Technology

[EE] AC / DC Generation — Speed/Excitation and P/Q control interfaces m Initiatives
[EE] Protection Device & System — Numerical electronic relay, logic control, Advance FCL EE3 Enforee mandatory audits for large commercial and industrial
[EE] Motor & Drives — VFD and Soft Starter, Thyristor Controller, belidings

Key [EE] Electrical Network Automation (ENA) — SCADA, ENMCS, IMCS, CPC, Digital Twin, IT/OT architecture, Cybersecurity
[RE] Sustainable Energy Technology — Solar {(FPV), BESS, Wind Turbine (HSWT & LSWT). EES Launch a majorEE retrofit initiative amongst govern ment buildings

[EE] Power Conditioning Device — Var Compensator, FACTS, STATCOM, integration with Harmonic filter, PF correction, etc.
m Initiatives

Pacing [RE] Electrification — Energy hub (E-Hub), Transmission & distribution system (HVAC / HVDC), Subsea Power Hub (SPH)
[EE / RE] Smart Grid — Distributed Energy Resources (DER), MicroGrid, IoE (Internet of Energy)
[RE] Energy Storage (other) — Fuel Cell, REZ Promote floating solar and agrvoltaic technology
Emerging [RE] Alternative Energy — Geothermal, Ocean Power (Wave, Tidal) et Develop plan for atcelerated Mvestments of tmmsmision and
distribution
REG Set up RE exchange hub to enable cross-border RE trading

Upstream
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[Open] Source : Universiti Teknologi PETRONAS (UTP) Websites

Case 1l — Solar PV

UTP’s grid-connected solar PV system is the largest single solar rooftop in Malaysia, covering an
area of 410,837 sq ft.

Since its deployment in early May 2022, the system has generated more than 13,000 MWh of
clean electricity — meeting more than a quarter of UTP's total electricity demand.

Power electronics component used e.q. inverter, converts direct current (DC) electricity
generated by solar photovoltaic (PV) panels into alternating current (AC) electricity for use on

the electrical grid.

6PETRONAS etroliam Nasional Berhad (PETRONAS) 27
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[0 pe n] Source : PETRONAS Technical Guideline (PTG)

Case 2 - Conversion of gas Turbine to Motor

Feasibility studies conducted at a gas
processing plant to assess the changes
and requirements for conversion of
gas turbine to electric motor.

Power electronics component is used for soft starting
and speed adjustment of the HV motor, leading to
efficiency improvement from GT (Eff~30%) to VSD
motor (Eff>907%) resulting in lower fuel gas
consumption.

6PETRONAS © 2022 Petroliam Nasional Berhad (PETRONAS) | 28
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Installation of a new Offshore Energy Hub (EHUB)
with 100-200 MW capacity that is able to receive
power intake from a clean hydro power energy
source of Sarawak Energy at 275 kV, complete with
provision for future tie-in to the load of the
existing / future offshore assets & facilities.

Transmission via HVAC will require power electronics
conditioning device to compensate the Reactive
Power components and prevent significant voltage
drop and transmission losses.

Transmission via HVDC will require power conversion
device (e.qg. rectifier and inverter) for conversion from
AC-DC and vice versa, over long distance

\/
/@) PETRONAS



[Open] Source : CIGRE

Power Electronics Challenges in Energy Transitions

J.V. Putten, et.all (2020). ' JWG C2/B4.38 Capabilities and requirements
n for Power Electronics based technology for secure and
ontrol’. CIGRE Webinar: 29-10-2020.

Resonances due to cables
and power electronics

Technological Hurdles Cost Considerations
stability margins
Resonance Overcoming the technical complexities of Reducing the initial investment and
R— instability S;I; Ifyn_dl'ﬂm[ls power electronics, such as improving operating costs of power electronics
power oscillations y——— e efficiency, reliability, and control, is systems is essential to making them more
ub synchronous|
New oscillations crucial for widespread adoption in the oil financially viable for oil and gas
; Behaviour of DFIG-series capacitor
Decreased damping of =5 d gas industry.
existing oscila?ionr?s the Power interactions and gos Industry Eotpves
System Reduced system
strength
Voltage dip induced 2 Operation of
frequency dip e Regulatory Compliance
— el Navigating the evolving requlatory
Observability of RES " LCC commutation land d ensuri lectroni
congestion [T ———— ndscape and ensuring power electronics

Dscraasec_l ft_at_:iispatdl of low voltages LT
Controllability of RES poesibilities
Coporating rocarves.
RoCoF

Decreasing Decreasing Ramps
frequency nadir inertia management Talent Acquisi1‘i on

Excessive frequency

solutions meet safety and environmental
standards is a key challenge.

Increased TSO-TSO New New operaior skils
coordination Operation of
the Power

System

Increased TSO-DSO
coordination

Restoration

Attracting and retaining skilled

. deviations
QOperation of hybnd services : Dynamic reactive . . P
HVAC-HVDC systems Sys:;,mfpera“on Lackof (‘;’::Lt:g; power balance professionals with expertise in power
aflenges Support electronics is crucial for successful

implementation in the oil and gas sector.

Static reactive
power balance

6PETRONAS © 2024 Petroliam Nasional Berhad (PETRONAS) |
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Capabilities and Competencies Upgrade

The growth of capacity and competencies is crucial in sustaining
the support energy sector’'s workforce.

Source : National Energy Transition Roadmap

Exhibit 3.3: The four guiding principles of NETR

(2

Based on national
aspirations and

W

Effective governance
and whole-of-nation
commitments approach

Just, inclusive and
cost-effective

High-impact job
opportunities, SME
involvement in the

ecosystem

Bridging the gap between existing workforce skill sets and the emerging demand for

green-skills, requires targeted training and upskilling efforts.

Cross-cutting Enablers

Initiatives

Establish National Energy Transition Facility

Financing and

Mobilise and attract private capital flow for energy transition sectors

Investments

Roll out carbon pricing mechanism

Policy and Regulation

Launch National Gas Roadmap

Rationalise energy subsidies

Establish green skills taxonomy and ensure strategic workforce planning

Human Capital and

Develop and roll out targeted green skilling programmes

Just Transition

Develop and implement community support programmes

Financing and

Enhance energy literacy and energy efficiency awareness among students,
SMEs and energy consumers

Develop a National Energy Knowledge Hub for public access

Investments

Accelerate development of domestic industries for green manufacturing
and adoption of green technologies

Corporate and

Implementation

Establish National Committee on Energy Transition under the National Energy Council (MTN)

6 PETRONAS

Exhibit 7.1: Cross-cutting enablers and initiatives

Key Initiatives

EN6

Enabler: Human Capital and Just Transition

Initiatives

Champions

Establish green skills taxonomy and ensure strategic workforce

planning

o Develop green skills taxonomy that defines the essential skills needed
for a just transition towards a sustainable workforce

o Facilitate a strategic alignment between workforce demand and

Sector-specific
pgencies

ENT Develop and roll out targeted green skilling programmes Sector-specific
o Implement reskill and upskill programmes for affected workforce gencies
o Establish strategic partnerships with local universities and industry

EN8 Develop and implement community support programmes Sector-specific
o Develop a clear mitigation and communication plan for affected agencies

community and region

o Implement targeted community support programmes

EN9 Enhance energy literacy and energy efficiency awareness among Sector-specific

tudents, SMEs and ¢ S
Strengthen the Malaysia Energy Literacy Program (MELP) to catalyse a NB
significant change in public perception and behaviour towards energy
utilisation

Encourage SMEs to incorporate EE practices in their business
Implement energy literacy and awareness programmes at educational
institutions

© 2024 Petroliam Nasional Berhad (PETRONAS) | 32
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Update of Competency Descriptor & Skill Inventory

B [EE] UPS Able to specify design and construction requirement of Power Electronics (PE) related
ase . o equipment, and its features to ensure safe operation of equipment. Able to resolve
Technology [EE] AC / DC Generation — Speed/Excitation and P/Q problems arising in the areas of equipment design selection, operation and
control interfaces maintenance
[EE] Protection Device & System — Numerical electronic _ : e -
relay, logic control, Advance FCL Able to_operate PE equipment which covers, e.g. switching .|solat|on/de|solat.|on,
EEI M Dri VED f S access, interpret and analyze data from controller program, logic parameter settings
[EE] Motor & Drives - ‘_-’md Soft Starter, Thyristor & calibration, installation, Functional Test & commissioning, inspection, monitoring,
Controller, Power Electronics Heater Controller troubleshooting, repair & part replacement, inventory & database management
Key [EE] Electrical Network Automation (ENA) — SCADA, O Having knowledge of basic technology, components and function in Digital Twin (DT)
ENMCS, IMCS, Digital Twin, IT/OT architecture, ecosystem. Involved in design, operation and maintenance of DT.
Cybersecurit
[RyE] SustEl )l;l E Teclel — Solar (PV & LSS) O Having knowledge and understanding of policies, theoretical and practical aspect of
. U a'ha < Bl [N ogpy Slelr ’ Solar/wind/ BESS generating system. Involved in design. Operation, maintenance and
Wind Turbine (HSWT & LSWT), BESS. able to resolve issues related to testing, operation and maintenance of the
[EE] Power Conditioning Device — Var Compensator, solar/wind/BESS power generating system.
FACTS, STATCOM, integration with Harmonic filter, PF , - ,
CETTEETE, G O Understand and able to conduct Power Quality (PQ) monitoring, analysis and survey,
L = i.e. in relation to PQ limits & standards, voltage / frequency deviation, harmonics,
Pacing [RE] Electrification — Energy hub (E-Hub), Transmission & LelE Rl (POl EE I GE
distribution system (HVAC / HVDC), Subsea Power Hub Understand basic design, theory, common equipment selection, and having some
(SPH) knowledge on installation, commissioning, operation maintenance on the key
[EE / RE] Smart Grid — Distributed Energy Resources (DER), electrification technology.
MicroGrid, IoE (Internet of Energy) : Understand basic principle, features and various technology areas to be applied in
[RE] Energy Stqrage (Other.) — Super Capacitors, SMES achieving smart grid objectives. Having some knowledge on advantages / benefits,
(Superconducting Magnetic Energy Storage), Fuel Cell, issues, challenges and commercial model / analysis on smart grid technology.
Hydrogen
Understand the basic principle, type of energy storage to suit specific applications.
Emerging [RE] Alternative Energy — Ocean Power (Wave, Tidal), Has some knowledge on the design selection, based on required energy storage
Geothermal. duration and power output capability.

O Aware on the technical requirement of the respective technology, especially on its
emission abatement, safe operation, engineering and suitability for primary
generation. Aware on selection criteria and design configuration / optimization to
meet operational requirement.
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Current & Future Workforce will have to go beyond traditional skill and be equipped
with future technology skills & know how.

Analytics Solution
engineer Engineer

expertise

Engineer




[Open]

Continuous learning /participation in Standard development Committee
& Working Groups

Continuous learning and active participation in standard development committees and working groups
are essential for enhancing power electronics competency and knowledge, which are crucial for

supporting the energy transition.
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Other activities

Technical visits

Technical visits are vital for
increasing power
electronics competency
and expertise, providing
firsthand exposure to
innovative technologies
and practices that support
the energy transition.

6 PETRONAS

Shaping the Industry

Shaping the industry is
crucial for enhancing
power electronics

competency and expertise,

as it involves setting
standards and driving
innovations that are
essential for supporting
the energy transition.

[Open]

PETROSAINS
)
STEM program

STEM programs are
essential for increasing
power electronics

awareness and knowledge,

as they cultivate the next
generation from the grass
roots who will inherit and
drive the innovations
towards future proofing
supporting energy
transition.

Collaboration with
Learning institution

Collaboration with
learning institutions is vital
for enhancing power
electronics competency
and knowledge, fostering
research and education
that are crucial for
advancing technologies to
support the energy
transition.

© 2024 Petroliam Nasional Berhad (PETRONAS)

| 36



[Open]

° @
) o O
o ® “
e o ©
® e @ ‘
e o ©
: e © O ‘
. ) @ . ’
5. Conclusions . o ® 0‘0‘
- Summary T B} ’..‘ @
_ Power Electronics prospects - o 0 O @
e © O .
- Key Messages c o 0 @ ‘
) e O ‘
° ® @ ‘ '
° (=] ® ‘
° e O .
. e © ©
° @ D
° @ (o)
o) @
. o) @
B ® [€)
gPETRONAS



ummary

MINISTRY OF ECONOMY

National Energy
Transition Roadmap

Energising the Nation, Powering Our Future

PETRONAS

[Open]

Key Initiatives

Energy Transition Lever: Energy Efficiency

m Initiatives Champions
EE3 Enforce d: audits for larg; ial and industrial sT
buildings
o k latory invest rade audits focusing on high-
energy-consuming commercial and industrial sector
o Establish reporting protocol as well as a strict monitoring mechanism
EE4 Establish green building codes for energy-intensive residential and sT
commercial bulldings SEDA
o blish a ional lard thatoutlines EE parameters
for both new I'EldEntlal and commercial buildings as well as retrofit
forexisting building to meet aminimum Building Energy Intensity
(BEI) level
o Mandate disclosure of building energy performance for commerdal
buildings
EES Launch a majorEE retrofit i i ent buildi KKR
o Idenhfyenergylnefﬁuent publlc buildings [E £, offices with BEI =200 JKR

=~60-T0%" of existing building)
o Develop medium to long-term EE govemment building retrofit
program andimplement project via ESCO platform

Source : National Energy Transition Roadmap

Enabler: Human Capital and Just Transition
Initiatives Champions

EMS bli Kills d gi ricfi Sector-specific
ﬂam agencies
Develop green skills taxonomy that defines the essential skills needed
fora just transition towards a sustainable workforce
o Facilitate a strategic alignment between workforce demand and
supply based on the green skills taxonomy and competency standards
of present and future industry requirements

o blish a task farce to develop tegic plans for the future of the
energy sector's workforce
ENT Develop and roll out d killing p Sector-specific
o Implement reskill and upskill prog: for affected workf agencies
o blish strategic par hips with local universities and industry

partners to enhance green skills
o Enhance TVET and tertiary programmes for new green sectors

EME Develop and impl: t ity suppor Sector-specific
o Develop aclearmitigation and mmmumahon plan for affected agencies
community and region
o Implement targeted community support programmes

Energy Transition Lever: Renewable Energy

Initiatives

Establish solar parks foraccelerated deployment of utility-scale solar

o Identify suitable plots of land for development of solar parks through
dose mllaboration among federal government, state governments
and utility companies to enable decarbonisation of hard-to-abate
industries

o Enhance current LSS mechanism to improve financial sustainability
for developers

REZ

Promote floating solar and agrivoltaic technology

o Remaove existing regulatory barderinhibiting floating solar and
agrivoltaic (e.g. t d existing hyd powerpurchase
agreements)

Foll out clear guidelines for floating solarand agrivoltaic

Adopt distinct bidding categoriesin future LSS auction to ensure fair
ompetition

RE3

Expand virtual aggregation model for rooftop solar

o Expand virtual aggregation mechanism je.g. NOVA program) to
govemment and residential buildings for leasing and aggregation of
rooftop space and sale to offtakers

o Scale-up corporate and industrial solar rooftop programme

Champions

NRECC
ST
MEESty
ECoS
SEDA

RE4

Develop plan for 1 m ft T

distribution

o Establishamount, timing and mode of funding for grid infrastructure
investment to reduce grid constraints while balancing energy
trilenma (Exhibit 5.3)

o Provide incentives for RE development and power storage facilities to
improve systemn flexibility and address RE intermittency

NRECC,
ST&THBE
MEESty & SEB
ECo5& SESB

REE

Set up RE exchange hub to enable cross-border RE trading

o Establish physical enabler (e.g. spedal purposevehicle) to act asthe
market ag or

o Develop regulations forimplementation of RE exchange hub and

cross-border RE trading

Establish new orupgrade interconnection with neighbouring countries

Monetise excess power generated through bi- or multi-lateral power

trading arrangements with neighbouring countries

NRECC
5T

EN3 h Ey li y and gy efficiency among Sector-specific

students, SMEs and consumers agencies

o Strengthen the Malaysia EnergyLiteracy Program (MELF) to catalysea  TMB
significant change in public perception and behaviour towards energy
wtilisation

o Encourage SMEs to incorporate EE practices in their business

o Implement energyliteracy and awareness programmes at educational
institutions

Power Electronics in industry is
able to touch & complement if
not accelerating several levers
and enablers of Malaysia
National Energy Transition
Initiatives.
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Innovations in semiconductor techmc;iog%s, control'systems,'zmd energy storage solutions

will enable even more advanced applicgtions of power electronics in the years to come.
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Key Messages:

Lk Thus, it is imperative for ALL to take bold steps, to forge

collaborations, and to harness our collective strength,
in pursuit of a sustainable and just

~__Energy Transition for Malaysia.
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Source : PETRONAS Integrated Report
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