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“ All information shared is for general
information only and does not contain or
convey any legal advice or administrative
assistance.

“ Information shared today is true and accurate
as of publication date.

“ SWA and SPECS reserve all rights in the
provided materials
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1. Introduction
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Smart grid and Power Electronics Consortium
Singapore (SPECS)

+ To catalyse and create a networking platform to connect commercial companies
and Institutes of Higher Learning (IHL’s)

+ To co-develop commercialisation projects in smart grid & power electronics
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Nanyang Technological University s

ERI N

Systems-level integration &

research for tropical megacities.

Living Labs
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Internet of Energy)



Experimental Power Grid Centre (EPGC)

» Experimental Power Grid Centre (EPGC) is located
on Jurong Island and is home to the largest
megawatt-scale grid facility in the region

= EPGC’s facilities enables equipment
manufacturers and system integrators to test
their technologies at actual power before
deployment

» The centre strives to be a thought leader for
challenges in the domains of energy grids and
systems. The centre has worked with several
industry players to address their challenges over
the years

Industry partners:
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2. EPGC facilities
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Software/Hardware-in-the-Loop

Milli-seconds

Micro-seconds

Srart Grits +

Hardware-In-the-Loop testing and verification provides a low cost, low risk and rapid
evaluation means for developed or deployed controllers. Instabilities and problems can be

detected before implementation phase.

Controller under test is coded and
deployed to DSP board
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Megawatt-scale experimental grid

Power Grid Emulator Wind Turbine Emulator PV Emulator

Transformer

DETS Bus

SPECS

Srart Grits + Power Electronics

Senso-tium Singapars
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EPGC Testing, Validation platforms

MW Scale Experimental Grid

Transformer
1 MVA —
YPYYITT Power Supply EPGC Building Loads
ain Utility (Lighting, ACMV)
Grid l
Power Grid | | Wind Turbine Programmable
PV Emulator
Transformer Emulator Emulator Load
2.5MVA [ J l
Bus A 3; 4mre3kA___ - I B --—-u ce
BusB v
BusC T — L ———— 1| Emulator
Diesel Ultra Future
B. lar PV
] G or| § | Capacitor attery Solar Assets
DETS Bus, 3 Phase 4 Wire, 2kA l l ........ l
Indoor DETS Area

iIBEEMS Testbed
— Green Building

solutions — Testing for various ESS

Srart Grirts + Power Electronics
Senso-tium 3ingapare

200kW ES Testing platorms

technologies, inverters & controllers

Real Time
. Simulator
— Simulation of
large electrical
networks

- - HIL testing for
power
electronics

500kW Motor Testbed

— Flexible platform for
testing of motors, generators
and electric drives

11



Certification partners pipeline
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Living Lab: Renewable Energy Integration
Demonstrator — Singapore (REIDS) &=

Located on Semakau Landfill, REIDS is for test-bedding
cutting-edge technologies for smart grids, microgrids and
urban electricity systems
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Research - Development - Deployment

NANYANG

l H l TECHNOLOGICAL
' UNIVERSITY
77 SINGAPORE

Low TRL

. 1 Megawatt scale
@ EPGC

Mid TRL

Large MW scale projects
Semakau & Jurong Port

High TRL

2011 2020 & beyond

it Griris + Power Electronics
cnso-tium Jingaparz

S
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3. Capabilities & use cases
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Portable PV for membrane distillation of
seawater desalination

A portable membrane distillation desalination system for remote areas using solar
thermal & electric energy — produce sufficient amounts of drinking water for daily

consumption

Y] NANYANG
TECHNOLOGICAL [l
ﬁ UNIVERSITY i
o

SINGAPORE

agnclloll s

King Saud University

> Fully solar powered desalination system with improved performance of
membrane distillation using independent heating cooling loop

S

art Gris + Power Elclronics
enso-tium 3ingapare 16




Potential dock pumping use case

« Testing, validation and certification of motor drive for pumping
industrial energy efficiency @ EPGC

End of emptying - Beginning of emptying

VSD Motor Pump Flow
Meter
Power +— Varable Outlet
Measurement |—| Speed Motor Pump r
i Drive
Inlet 7 4
Supply

Srart Grirts + Power Electronics
cnsoctium Singapere
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Research = Development =>Deployment

) | Large MW scale projects
Semakau & Jurong Port
High TRL

2010

Water-Energy Nexus:

Deployment Opportunity in Singapore
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IWMF Water-Energy Nexus Opportunities —
Industrial Energy Efficiency

Tuas Nexus

Collectively known
as Tuas Nexus, the
Tuas Water
. HOMES AND
Reclamation Plant
(Tuas WRP) and INDUSTRIES
Integrated Waste
Management
Facility (IWMF) will
be completed in
ses from 2025.
uas Nexus aims to
meet Singapore’s
long-term
solid waste
management and
used water
treatment needs.

Waste-to- |
eneigy

Sources: NLA, PUB  PHOTO PUB
STRAITS TIMLS GRAPHICS: LEE HUP KHENG, LIM KAILL TANG WLE CHEOW



Water-Energy Nexus co-simulation
Planning tool - optimum sizing

Water Grid ElectnClty Grld

Information
Exchange

v' Water-energy costs savings, water-energy savings, carbon reduction
SPECS
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IWMF Cyber-Physical Simulation Platform -
Resiliency

Cyber Network

Communication Communication

Real-time Controller Hardware

@ sensors Simulation

I
¢hy i . Platform
& a e b Digital /0
o N N NN
Rsisent e R e Amplified /O
N N . b IRIG-B/GPS Synchronisation I/O
2 i ; IEC 61850 (SV, GOOSE)
Linking the cyber and physical systems S«TP; gpcru _— | nte rface

Srart Grirts + Power Electronics
Senso-tium 3ingapare
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IWMF Water-Energy Nexus Industrial Energy

Efficiency Opportunities — Motor Drive

Srart Grirts + Power Electronics
Senso-tium 3ingapare
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Active Filter vs. Active Front End consideration

Power Factor Improvement
: v" Improves Power Factor :
' v' Reduce Harmonics :
I v Power Regeneration I

Rating 4,480kW + 310A
r— — =1
A T iy !
[hs
_p_
Active filter reduces NorHinear loads draw I
the source current distortion distorted current
to less than 5%THIE| i I I Line I Motor
i ‘Z \1 inverter | inverter
I Active filter supplies only I ctifi l
the distortion current demanded (I‘B er)
Il Active |l bynoniinear loads. | [
|| Harmonic I | o |
Filter Inductor-capacitor-inductor
l L - — —(Chfiter— — — — — |
SPECS
Sensoctium Singapors
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Electrical Drive Energy Efficiency Cost savings -
Cooling consideration

Efficiency Loss (%) 3.12% 6.7%
kWHTr Loss 89KWHTr 190kWHTr

potential savings up to 53% using dual-side cooling per year

Srmart Grirs + Poaver Electronics
cnso lium Singapers
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Selection of Energy Efficient Prime Movers

Type of application
Load characteristic |

Food

Brake

Hoist

APPLICATION

Srmart Grirs + Poaver Electronics
Sensoctium Singapore

High

Temp

Intrinsically

safe

SECURITY

Fixed

Variable
R

SPEED

IE2

IE3

IE1

IE2

IE3

IE4

EFFICIENCY

P23

IP55

IP55

IP55

IP23

IP55

P23

IP55

IP55

PROTECTION

Source: Emerson
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Motor Drive Energy Efficiency — Fan Load

% Input
Power

100 —
90 —
80 —
70 —
60 —

50 — Inlet Guide vanes '
40 — ......

30 —
20 — . : A L
10 — } .................. ......... : | Fan control

0 % Flow

] | ]
0 10 20 30 40 50 60 70 80 90 100 | Rate

S

Srart Grirs + Powver Electronies
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IWMF Smart Water-Energy Nexus deployment

Opportunities

Smart Multi-Energy System (SMES)

AC/DC
Solar PV CHP Microgrid

Control Centre

Energy
Monitoring
System

Sensors
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Electrical energy setpoints & feedback

Thermal energy components
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4. QnA

Srmart Griris + Power Elactrani
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