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Agenda

1. Trends in Energy Efficiency and Sustainability
2. Keppel 0&M'’s Focus on Sustainability
3. Marine Electrification

«  Trends in Electrification

« Keppel 0&M'’s Case Studies

» Leveraging Keppel O&M's Floating Living Lab to Accelerate Adoption
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1. Trends in Energy Efficiency and Sustainability
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Sustainability — Energy Efficiency

4 Supply-> From 100% readily
available renewable energy
(intermittency challenge may
be resolved by ESS)

il

ENERGY EFALIENCY

DECARBONIZATION]

# Demand->To
smart, all-electric
buildings, vehicles,
ships

\ e, . -
_Aunmnn
Source: Rita Perez
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Global Investment & GHG Abatement

Projected shift of
investments for
Remap case

Source: IRENA

Reference Case cumulative investments, 2016-2050
(USD trillion)

Fossil fuels and others® 40

Electrification
and infrastructure®

renevabies 1 3 a 95

USD trillion

Energy efficiency 29

REmap Case cumulative investments, 2016-2050
(USD trillion)

Electrification and infrastructure** 26

Fossil fuels and others® 20

23%

110

USD trillion
Energy efficiency 37

Renewables 2?
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2. Keppel 0&M'’s Focus on Sustainability
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Keppel O&M's Focus on Sustainability

e WTIVs

Vessels for full range
of installation
operations of wind
turbines,
foundations, jackets,
tripods, monopiles,
transition pieces for
arying water depths

HVDC

Offshore HVDC
Converter
Stations

Offshore Wind
Farm Substations

Alternate Current (AC)
Offshore Wind Farm
Substation

Small Scale
Development

@® Marine Utility,
Infrastructure

+ Cable Laying
Vessels

+ DF Dredger

+ DF, Hybrid Tugs

(1] Offshore & Marine 7 4



Keppel O&M's Focus on Sustainability

Energy Analytic

Clean Energy
Generated Annually

8,000+
=

6,000+.¢2%

Carbon Reduction
Achieved Annually ‘ l l

*Singe 2018

Smart Energy Analytic

12% ==

Savings In
Electricity Costs

- % /W
Static Frequency Converter for Diesel Consumption Demography

e-Vessel Charging Infrastructure -
Displacement Keppel Offshore & Marine 8 I
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3. Marine Electrification
«  Trends in Electrification
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Trends in Electrification

W What's the most efficient way to power
European shipping over short and long voyages?  j wide variety of design, operational and economic solutions

Achieving the goals of the Initial IMO GHG

Strategy will require a mix of technical,

operational and innovative solutions

applicable to ships. Some of them, along

with indication on their approximate GHG

reduction potential, are highlighted below. 5-50%

40 Fleat upto T5%
] | management, 1-10% Cz-sn%[l Extensive speed
' 5 oncept, ptimization
] ‘ I qui..tlc:s and Voyage o A optir
30% ———y Incentives optimization canthilty
5-15% e
Power and F e e
propulsion B
systems

1%
R : - o, .
& R 2 80-100% =T SS, 2-20% 5-25%

% - h \ o 90% Hydrogen and 4 " Hull and Hull biofouling

g -t \ poes o -‘M:“ fmm:',’ "".m"u“w"‘ ( 50-90% Dlo-LNG/LPG Biofuel 3rd other synthetic £ 1-10% 1 superstructure management

N bydrogenand 4 Full electric _# generation fuels Energy
* = i’ \\ o = A management,
TRl N p— \x # “Busteries are only viabie for thips on thorter distances ""....." \.., S
I2 ivrmrisinT B eempetesemese =y . ‘J’ e e b f—— B
-----
Source: hitps://www_imo_org/en/MediaCentre/HotTopics/Pages/( g G-emissions.aspx

Source: Transportenvironment.org

« Higher energy efficiency factor « Full Electric & Energy
of electrification (less additional management as part of the
power demand) vs other means GHG reduction strategy
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Trends in Electrification

Potential of GHG Emissions Reductions VS Commercialisation of Energy Storage System
GHG emissions
reduction™
) _ ) 2 . - . ! ) The per—kilowatt-hour cost of an energy-storage system could drop to
High-speed Diesel-mechanical - [ : e _ , . Baselne $310-$400 by 2020, on a path to $170-$270 by 2025.
: : : : : : .
Diesel-electric 130 788 b 13%t0-25% Cost of a 1-meg energy ge sy with a 1-hour duration by segment,
[ $ per kilowatt-hour/% change
o _ : - : Base-case scenario Plausible best-in-class scenario
Parallel Hybrid [REL] M7 | 20%0-31%
e 5 : : Vo EPC! Drop 54%
P 54 1 e Drop 71
; ; ; ; : Lo b
purana s oo | s .
; ; i ? :: = o sysem .
pusa s e oo | - o
E i f s' ) ” . cacre
Full-electric 576 43 | 41% to-48% Battery e -15%
' ; : Baseline, packt o -10%
0 200 400 600 800 1,000 1.200 o
GHG CO,-eq g/kWh . a .
Il Upst Wo
Year 2017 2020 2025 207 2020 2025

*Excluding emissions from production of battery
Source: GTM Research; McKinsey analysis

Figure 1.2 GHG emissions reduction potentials for different power configurations with a high-speed
diesel-mechanical configuration as the baseline

Source: MESD Report-Electrification of Singapore Harbour Craft-Shore and Vessel Power System Considerations (Page 10)
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3. Marine Electrification

« Keppel 0&M'’s Case Studies
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Case Study #1: Developing SG Based Comprehensive e-Vessel Supply Chain

SG-centric consortium aspiration & vision to drive e-vessel adoption

4 )

Develop a fleet of Cost- Network of Upskill & develop core talent in
Competitive Electrified Green Charging Infrastructure Marine Ops & Maintenance of e-
Harbourcrafts (Land & Sea based) Vessel fleet
\JM ~ . - . -
-':- ‘::r’ - QUE @ OWN

DOWNTOWN

CORE
LT MERAH O

Green Belt
~ West

. ( \ ' -~
Source: MarineTraffic . /
\ (G h” e

J"‘-\ .
S O s B i
L T,{ \T @ ®
' * | Hem
- Il LY B
Business optimization Technology Adoption Eco-system wide . Data Driven Optimization
collaborations Platform-wide adoption model
== =
Fﬁoﬁ ,hlﬁﬁﬁge —— g |s...,,..m..;.m..mm K3 ENGHUR S Envision SJ?HES#EA@S [ ]| Offshore & Marine 13 I




Case Study #1: Collaboration — Leading a Coalition with Wide Range of Expertise

& Consortium Lead & \ndustry Partners

(1] 1] Offshore & Marine

DNV-GL
A world leader in providing total solutions
to the offshore, marine and energy industries

= Leading marine class society involved in a
range of fully electric or hybrid vessel projects

@ ENG HUP
SHIPPING

= Singapore-based leading harbour craft operator
4 RI/HL l{ﬂf with fleet size of 70

[GENEE NANYANG
= TECHMOLOGICAL
\5%1 UNIVERSITY

-~ SINGAPORE

= Industrial centric energy research institute

Energy Research Institute @ NTU

= E -
e‘_:' nvision

= World leading tier 1 battery manufacturer

AiComs

= Co-create innovative concepts and solutions to
address to real world challenges (Naval
architectural expertise)

SJ SURBANA
JURONG
= Leading land centric infrastructure & civil
consulting expertise
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Case Study #1: Key Highlights

Compact Scalable Shore Charging

a Low footprint, ease of Certified marine Charging
' scaling up & enhanced & land based 8 Infrastructure

performance deployment Standardisation

! & Electric Craft Shipboard Kit

Fit for purpose Smart IOT based Support Marinised Energy
E+} modularise -+ feature operation & Management System
marinised ESS maintenance (MEMS)

Interoperability

Develop standards for
unification of connection

Business Case Scale Up

Seek business case that would enable
Bl replicability and scale-up of the end-to-
end of EV value chain

NG ] Offshore & Marine 15 ¢



Case Study #2: Pilot Development for Marinized Energy Storage

A Joint Grant Call between Energy Market Authority & Keppel Offshore & Marine

Singapore's first floating
energy storage system

As the country's largest energy storage system (ESS)
it will have suffickent capacity to power more than
600 four-room HDEB flats a day. The project is
expected to be completed in 2023,

Keppel Offshore & Marine's Floating Living Lab

s ol amd humidity cam affect the yystem's
seawiter will be wed to conl the
cells and eabance he system s ifespan

By the numbers

*
par A 7.5MWh
$1DITI Wthaum-ion batbery E55
M 1L berr
partnesship belween
e Enargy Mariet Singapores largest 55
Autharity and Keppel degiloymant 1o date, with
Offshore & Manne to IPRCHBNE CApatity Lo power
e more than 600
e maring sector Teaur-room HOB flats a day

Sources ENERDY MARTET AUTHORITY, EEPPEL DFFSHOSE £ MARNE PWOTD: DEFPEL OFF SHORE L MARIWE STRATS TIMES GRAPCS

Floating
Living Lab

Developing

MARINIZED ENERGY STORAGE SYSTEMS (ESS)

The battary stacking solution
eould potertially reduce the
footprint required for
deployment by

up to 40%

Expected 1o be completed in

2023

solutions with compact footprints, high capacity & charge cycle
operations coupled with

IIOT PLATFORM capable of machine learning for efficient &
sustainable lifecycle management

- ~

Enhanced
Low footprint @ lifecycle & density

Al Stackable

Edged Enabled
n Il containerize

Smart EMS

1l
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3. Marine Electrification

» Leveraging Keppel O&M's Floating Living Lab to Accelerate Adoption
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Living Lab Approach to Accelerate Adoptions

Y (7T . .
é::}; Floating Living Lab & specific problem-solving w Wide based expertise Scalable pilot project
Infrastructure Mission

Collaborator

Pilot

Digital Solution
Digital Twin for Post Pilot to
;?‘ Predictive Cflj

Commercial
Analytics Scale Up

Electrification
Solar Power
i — r®- ESSPilot Trial Marinised ESS Extension to
@- gfoBASNs%lvawrth éezge?vizc g 2> Mwh @ 7.5 MWh Dev 'fw'h Harbour Craft
I = i i (ACCESS Program) (Joint Grant Call)
Panels Since Inception
//{::?f; %..,f & Envision

—= T D @ v Sunm Aons
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Thank You
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