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Condition Monitoring, Asset Management and Securitym
Management for Energy Grid 2.0
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o As a distributed energy system, the micro-grid can disconnect
from the national grid and operate independently
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Conventional
Power Grid
Assets

« Will still be significant in
next 50 years

Transformers
Lines and Cables

Central and Distributed
Generation Plants

Rotating Generators
Switchgears

* New technologies for CM,
AM, SM will continue to be
translated from advances in
fundamental research
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' | District Cooling plant

- _ Connection to Building

Chilled- Water Supply
and Return Pipes
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New Types of
Assets In Future
Energy Grid

 New assets with less understood
aging and failure behavior

Solar Photovoltaic Panels
Energy Storage Systems

NG, H2 based Solid State
Generation

District Cooling Systems

Power Electronics based
Distribution Network

« Tends to be more digitally
connected leading to more
potential security issues
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Meeting the New Challenges by out ITE

Capability Development through Applied Education
* Pre-Employment Training (PET)
* Diplomas and BEng
« Continuous Education and Training (CET)
» Part-time coursework Masters

« Short courses leading to certificates and professional
qualifications

» Upskilling of professionals
» Industry Masters and Engineering Doctorates

» Undertaking industry projects — putting IHLs inside the
industries
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Translation of Upstream Research Outcomes
» To Actual Applications through Applied Research
» Deep Understanding of Sciences, Mathematics and Humanities
« Semiconductor Electronics
» Electro-Statics
» Electro-Magnetics
* Electro-Mechanics
» Electro-Chemicals
* Thermal and Fluid Dynamics
« Economics, Finance, Accounting, Environment and Ethics
» Close Engagement with Engineers and Technicians in the Field
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Example of Electric Arc Model Available for Translationﬁﬂﬁ%ﬁ?ﬁ%r

An experimentally verified hybrid Cassie-Mayr electric arc model for power electronics
simulations

» An electric arc model that can approximately represent both the static and dynamic
characteristics of an arc load controlled by a power electronic circuit.

« The proposed model was developed from the combination and modifications of the
classical Cassie and Mayr equations.

 The model equations have been expressed in a form suitable for incorporation into circuit
simulators employing the nodal analysis method of equation solving.
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Example of Thermal Model Available for Translation

Thermal investigation of lithium-ion battery
module with different cell arrangement
structures and forced air-cooling strategies
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Three-dimensional CFD model with
forced air cooling are developed for
battery modules.

27.2267
26.1134
25.0000

Impact of different air-cooling strategies
on module thermal characteristics are
investigated.

Impact of different model structures on |
module thermal responses are
investigated.

Effect of inter-cell spacing on cell thermal
characteristics are also studied.

The optimal battery module structure and
air-cooling strategy is recommended.
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Example of Battery Model Available for Translation

A multi-timescale estimator for
battery state of charge and capacity
dual estimation based on an online
identified model

SOC and capacity are dually estimated
with online adapted battery model.

Model identification and state dual
estimate are fully decoupled.

Multiple timescales are used to
improve estimation accuracy and
stability.

The proposed method is verified with
lab-scale experiments.

The proposed method is applicable to
different battery chemistries.

Initialization of SOC, capacity and model
parameters
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Update of 7_(r) with Eq. (17)

Formulating sate-space equation with Eq. (21)

SOC (%)

Priori u of d covari
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Capacity(Ah)

VRLS for model update based on Table 1

Updating model parameters
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Using Real Power Systems as ‘Live’ Training Lab
Data Analytics, Visualization, Condition Monitoring

A key teaching/learning paradigm in SIT’s
BEng EPE and MEngTech EPE programs
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_ation of Ubin Micro-grid, Singapore
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Users of Ubin Micro-grid
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Infrastructure of Ubin Micro-grid
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Monitoring system of Ubin Micro-grid

 Sensors\meters & data
acquisition "
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« Monitoring operation center QL™ Qhin Microsrd Q

(remote data storage and . Vs owin
Visualization) @ SIT Singapore >DataflowviaTVWS < Piserver

~~~~~~~~

}Data flow via internet

« Monitoring data management
(local data storage and
processing) @ Ubin

User End
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Monitoring system of Ubin Micro-grid

e« Sensors\meters &
data acquisition

DC Voltage Transducer
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Monitoring system of Ubin Micro-grid

* Monitoring data management

(local

data

storage

and

- -
ro ‘ e SS I I l @ l ' b I n R Current Values - Pl System Management Tools -|a
File View Tools Help
Y 33 P Servers @{ X & "] _$ g] 7)
1 Tag Name Server Collective = Timestamp Value Engineering Units = Descriptor A
Servers Ubin.VC.PV Current st1.01t010  SITPUSVR02 11/16/2018 12:05:13 ...  0.0040839 A
[¥] SITPUSVRO2 Ubin.VC.PV Current st2.11t020  SITPUSVR02 11/16/2018 12:12:2 ...  0.0041881 A
Ubin.VC PV Curent st3.21t030 SITPUSVR02 11/16/201812:12:23 ... 0.0041434 A =
Ubin.VC.PV Cumrent st4.31t040 SITPUSVR02 11/16/2018 12:12:23 ... 0.0040755 A
Ubin.VC PV Current st5.41t050 SITPUSVR02 11/16/2018 12:12:29 ... 0.0039319 A

Servers and UPS

Ubin.VC.PV Current st6.51t060 SITPUSVR02 11/16/2018 12:05:13 ... 0.0039709 A

< n > || Ubin.VC PV.Imadiance SITPUSVR02 11/16/2018 12:1229 .. 0.00478%6 W/m2
System Management Ubin VC.PV.Temp.01 SITPUSVRO2 11/16/2018 12:16:29 ...  47.791 celsius Ubin micro-grid Visitor Centre PV Panel #01 Temperature
Ubin VC.PV.Temp.02 SITPUSVR02 11/16/201812:1229 .. 40688  Celsius
71> o Ubin VC.PV.Temp.03 SITPUSVR02 11/16/201812:1229 .. 40486  Celsius
 Bach Ubin VC.PV.Temp.04 SITPUSVR02 11/16/2018 12:12:29 ...  40.841 Celsius
s Ubin VC.PV.Temp.05 SITPUSVRO2 11/16/2018 12:12:29 ...  40.258 Celsius
Aitive Bk Ubin VC.PV.Temp.06 SITPUSVR02 11/16/2018 12:12:29 .. 40.618 Celsius
CoraVaks Ubin VC.PV.Temp.07 SITPUSVR02 11/16/2018 121229 ... 40435  Celsius
Stale and Bad Poir.| Ubin.VC.PV.Temp.08 SITPUSVR02 11/16/2018 12:1229 ... 40.124 Celsius
b Interfaces Ubin.VC. PV Temp.09 SITPUSVR02 11/16/201812:1229 .. 41392  Celsius
b IT Points Ubin VC.PV.Temp.10 SITPUSVRO2 11/16/2018 12:1229 ... 42,022 Celsius
> Operation Ubin.VC.PV.Temp.11 SITPUSVRO2 11/16/2018 12:12:29 ... 42535 Celsius
4 Points Ubin.VC.PV.Temp.12 SITPUSVR02 11/16/2018 12:12:29 ... 42692  Celsius
Digital States Ubin VC PV Temp.13 SITPUSVR02 11/16/2018 12:1229 .. 41.234 Celsius
Performance Equat | Ubin VC.PV.Temp.14 SITPUSVRO2 11/16/201812:1229 .. 41019 Celsius
Point Builder Ubin.VC.PV.Temp.15 SITPUSVRO2 11/16/2018 12:12:29 ...  41.421 Celsius
Point Classes Ubin VC.PV.Temp.16 SITPUSVR02 11/16/201812:12:31 .. 41059  Celsius
Point Source Table | | i v PV Temp.17 SITPUSVR02 11/16/201812:12:31 .. 41557 Celsius
Totolizers Ubin VC.PV. Temp.18 SITPUSVR02 11/16/201812:1231.. 41624 Celsius
4 Secuty Ubin VC PV Temp.19 SITPUSVRO2 11/16/201812:12:31 .. 4128 Celsius
g:.ﬁse Secutty | | jin VC.PV.Temp.20 SITPUSVR02 11/16/201812:12:31 .. 41342 Celsius .
Identities, Users, & Llhin. }/(‘ P\/ Tamn 21 CITRLISVRN? 111872012 12:12-21 A1 RRQ Caleiue.
Mappings & Trusts Sesslf:n Record - - N
10/30/2018 4:04:37 PM (SITPIN\tadmin) PI-CV> Ermror displaying value for tag sitpusvr2\Ubin.VC.PV.54 Temp: [-5] Tag Not Found A

Security Settings

SITPNitadmin || piadmin

10/30/2018 4:04:37 PM (SITPIN\tadmin) PI-CV> Error displaying value for tag sitpusvr02\Ubin.VC.PV.55.Temp: [-5] Tag Not Found
10/30/2018 4:04:38 PM (SITPINtadmin) PI-CV> Emor displaying value for tag sitpusvr02\Ubin.VC.PV.56.Temp: [-5] Tag Not Found
10/30/2018 4:04:38 PM (SITPIN\tadmin) PI-CV> Emor displaying value for tag sitpusvr02\Ubin.VC.PV.57.Temp: [-5] Tag Not Found
10/30/2018 4:04:38 PM (SITPIN\tadmin) PI-CV> Error displaying value for tag sitpusvr02\Ubin.VC.PV.58.Temp: [-5] Tag Not Found
10/30/2018 4:04:38 PM (SITPI\tadmin) PI-CV> Emor displaying value for tag sitpusvr02\Ubin.VC.PV.59.Temp: [-5] Tag Not Found
10/30/2018 4:04:38 PM (SITPIN\tadmin) PI-CV> Emor displaying value for tag sitpusvr02\Ubin.VC.PV.60.Temp: [-5] Tag Not Found
10/30/2018 4:04:38 PM (SITPINtadmin) PI-CV> Error displaying value for tag sitpusvr02\Ubin.VC.PV.Iradiance: [-5] Tag Not Found

Pl system based data storage and
processing
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Monitoring system of Ubin Micro-grid

* Monitoring operation center
(remote data storage and ST

L - L Filter by Keywords
visualization) @ SIT
¥r Favorites
@ My Displays
1 : © Recent
¥ A
* ; R Current Values - Pl System Management Tools Juletong 5““ Singtel Site
] :
o a File View Tools Help A
| Senes Jlax%x» 338 e
‘ P Tag Name Server Colective  Timestamp Engineedng Unts | Descriptor
Servers Ubin VCPV Curent st1 0010 SITPUSVRU2 11/16/2018 1205:13 A
¥ SITPUSVRE2 Ubin VC PV Current s£2 11020 SITPUSVRU2 11/16/2018 12:1223 A
UbinVC PV Cuent 321030 SITPUSVRO2 11/16/2018 12:1229 A ©
/Curent st4 311040 SITPUSVR02 11/16/2018 121229 A o
VCurent 5 41050 SITPUSVRO2 11/16/2018 121228 A -
Ubin VC PV Curent st6 51060 SITPUSVR02 11/16/2018 12.05:13 A =—
< i > || Ubin VC PV imadiance SITPUSVR02 11/16/2018 1211229 Win2 iii =
v Ubin VC PV.Temp.01 SITPUSVRO2 11/16/2018 12:1629 celsus Ubin micro-grid Vistor Cent
= 1 UbinVC PV.Temp 02 SITPUSVR02 11/16/2018 121229 Celsus
4 L1 hin VC PV Temp.03 SITPUSVRO2 11/16/2018 121229 Celsus
: ;:;5 SITPUSVR02 11/16/201812:1229 Celsis Module 1 Visitor Centre
yron SITPUSVRO2 11/16/2018 121229 Celsius
chive Edtor || bn VCPV.Temp 06 SITPUSVRO2 11/16/2018 121229 Celsius
Comort Vaogs| || Ubin.VC.PV.Temp 07 SITPUSVRO2 11/16/2018 12:1229 Celsis
Stole and Bad Porl| Ubin.VC PV.Temp 08 SITPUSVRO2 11/16/2018 121229 Celsis
» btedaces Ubin VC PV Temp.09 SITPUSVRO2 11/16/2018 121229 Celsus
b IT Points Ubin VC PV.Temp.10 SITPUSVRO2 11/16/2018 12:1228 Celsis
b Operation Ubin VC PV.Temp.11 SITPUSVRO2 11/16/2018 121228 Celsis
4 Ports UbinVC PV Temp. 12 SITPUSVRO2 11/16/2018 12:1229 Celsus
Digtal States Ubin VC PV Temp.13 SITPUSVR02 11/16/2018 12:1229 Celsius - - -
Performance Equal| UbinVC.PV.Temp. 14 SITPUSVRD2 11/16/2018 12:1229 Celsus P | S Stem based Vlsuallzatlon
Point Buider Ubin VC PV, Temp.15 SITPUSVR02 11/16/2018 12:1229 Celsis
Point Classes | (1on VC PV.Temp. 16 SITPUSVRO2 1/16/2018 121231 Celsus
Point Source Table | i vC PV Temp.17 SITPUSVR02 11/16/2018 12:12:31 Celsius - -
Totsores Ubin VCPV.Temp. 18 SITPUSVR02 11/16/2018 12:1231 Celsus d eSI n user I nte rface
4 Securty Ubin VC PV, Temp. 19 SITPUSVRO2 11/16/2018 12:1231 Celsus
Dotabase Secum | Ui VC PV Temp 20 SITPUSVRO2 1162018 121231 Celsus 5
el e 8| AR B T 21 Ry 11180012 12,1221 Cotcie
Mappings & Trusts || oession Record o
10/30/2018 4:04:37 PM (SITPI\tadmin) PHCV> Eor diplaying value fortag stpusvr02\Ubin. VC.PV.54 Temp: [5] Tag Not Found ;

Securty Settings ||30/57501
10/30/2018
10/30/2018 4
10/30/2018

04:37 PM (SITPI\tadmn) PI-CV> Error displaying value for tag sipusvrl2\Ubin VC.PV.55. Temp: [5] Tag Nt Found
04:38 PM (SITP \tadmin) PI-CV> Error displaying value for tag stpusvrl2\Ubin VC.PV.56 Temp: [-5] Tag Not Found
38 PM (SITPI\tadmin) PI-CV> Eor displaying value for tag sitpusvr02\Ubin VC PV 57. Temp: [-5] Tag Not Found
4:04:38 PM (SITPI\tadmin) PI-CV> Eror displaying value for tag sitpusvr02\Ubin. VC PV.58 Temp: [:5] Tag Not Found
10/30/2018 4:04:38 PM (SITPI\tadmin) PI-CV> Eror displaying value for tag sitpusvr02\Ubin. VC.PV.59.Tem: [-5] Tag Not Found
10/30/2018 4:04:38 PM (SITP tadmin) PI-CV> Error isplaying value for tag stpusvr(2\Ubin.VC_PV.60. Temp: [-5] Tag Not Found
10/30/2018 4:04:38 PM (SITPI\tadmn) PI-CV> Error displaying value for tag stpusvr02\Uin VC PV.iradiance: [5] Tag Not Found
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Pl system based data
storage

Servers and UPS




Monitoring system of Ubin M

* visualization design (user
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« AdHocDspiay 10

Module Name: SD-1565-72P-300W
Mandmum Power. 300W

Voc: 45 5V

Isc: 8.68A

Vmp: 36 TV

Fuse Rating: 19A

Nominal Cell Temp: 46-50°C

Module Voltage' 33.931
Gurrent  Voltage  Power Current 1.6024 A
& 350
54371
s 200 Efficiency” 49.121 9
260 Surface Temp. 55.29
®
200
0
150
»
100
0 50
0 0

067393
021804
32353

098593

El 111272018 1226105 P

Module/cell level monitoring

TSI I TS
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27%

Lead-Acid Battery

Visitor Centre
Ubin Micro-Grid

ample monitoring data

223V 219V 212v 214V
26.6°C 26.5°C 26.6°C 26.9°C
0.23mQ 0.31mQ 0.25mQ 0.22mQ
35% 22% 25% 26%

@)

24 hour historical data for (a) voltage and (b) current waveform of battery bank

Battery monitoring and sample data
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(b)

Irradiance
73.969

T erature
30537 *C
Efficiency
2972 %
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PV Visitor Centre

'

'
1 047607 & 031074 02848 2 022123 5 0.041283 0.097473 & :
H '
H 35515 7.078 v 37.468 v 36.939 v :
' 28.971 ¢ 9.237 c 29324 - 29.196 -« :
R EETE 11.036 w 119w 3.2892 w 1.525 W :
D30T 49733 5 4753 % 37.354 % 6.8721 2
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H v 113164
! 1035973 kw
! P 789 v
1 —_—
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1 3s064 v |(BRLEE |35 515 v 36.99 v 37.266 v 703 3674V : —
T 28952 28.971 ¢ 29317 ¢ 29176 c 9011 29 042 | (B :
DoeT02wW 11.036 w 10,535 W 8.2444 w0 1.5287 3.5812 | (RN :
L3002 49.733 % 47475 % 37153 % 8891 ) 16.138 % | e :
s E E
H :
H '
H H
P 37373y |G 6 254 6.656 6724 v 6579 | 37.333 :
i 29088 29229 ¢ 8.847 “C 06 0 414 - 29.054 °c| :
i 6.5804 11.266 .44 1246 w 5101 36389 :
20654 % 50.769 7.046 % 6613 % 8051 %) 16.398 % :
H H
: i t :
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80 1,200 irradiance
[Ty |20
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10/22/2018 5:39:06 PM

3d

10/25/2018 5:39:06 PM 10/22/2018 5:35:32 PM 3d

3 day historical data for (a) current, voltage and power (b) irradiance and temperature

PV monitoring and sample data

10/25/2018 5:35:32 PM
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