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Incomers from major PerBay ~ R 50000 @014) ~ R 36550 000 x
substations and feeders to local Digitals (6) Breaker status; breaker ‘
transformers and other DSSs. position; cable earth; overcurrent earth .
B Bty fault; relay fail ?
suleEEre Analogue(l). Phasecurrent -
Control 2): Openand close >
General substation: a.c. fail; d.c. fail; :
charger fail. $
Typically residentialll kVto 5849 1xEFI ~ R 28000 Q015) ~R 163772 000
Mini-substations 400V transformers. 3 x LVfuse fail (percircuit)x (1-6) circuits
1 x door open
3 x CTs(LVbusbar)
Industrial, commercial and 2835 1xEFI ~ R 28000 Q015) ~ R 79380 000
Kiosks residential11 kVto 400 V 3 x LVfuse fail (percircuit)x (1-6) circuits
transformer with switchpillarand 1 x door open
LV panel. 3 x CTs(LVbusbar)
Residential (typically rural). 6090 3 x11kVdrop-off fuse ~ R 28000 @015) ~ R 170520 000
Pole tOp .. v . . . . .
transformers Similar concept to MSSs. 3 x LVfail (percircuit)x (1-3) circuits
3xCTs(LV)
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Monitoring Opportunities

a) The deployment of monitoring equipment only at strategic points on the network
b) Leveraging Internet of Things (loT) devices over Low Power Wide Area Networks
c) The use of open source technologies.

Research Objectives
a) Can open source technologies offer a technically viable remote monitoring solution?

b) What are the nontechnical challenges that exist with open source technologies?

c) What are the cost advantages associated with these of open sourcgechnologies?
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Technical requirements

Crestmoresubstation 3532

LV BULAR CTs
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Technical requirements

Minimum 8 expandable

-
-~
»
v
»
'
-
-~
»
v
~
'
»
.
»
~
&
.

Minimum 2 expandable

Minimum 4 expandable

DNP3 (slave), Modbus (master)

Web browser
Web browser

IEC6185603 CX3; IEC 61000

IEC62351 (Open VPN)

Fivenines principle
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Open Source technologies

What is it?
Concept that is created and owned by the public

permissive_ Permissive| )m[ﬂ

Examples:
(2] -BSD
-MIT s

1. No fee for distribution 4 No discrimination against [ Permissive )
fields for endeavour

Examples: g

: : Copylef -GPL
2. Uncomglled ar;dbcompcllled 5 The license must be , el
Source code must be made technology neutral
available
3. Must allow for modifications 6. The license must not restrict | Permissive
of source code other software,etc. s Bainoke
-Commercial
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Hardware platforms

5 i 3&? :

{ &
Requirement :

[4a]

Board

>

RPI BeagleBone
R3

| Boad
‘Model | Model 3B Black Open Source ecesystem -
32 kB SD Card 4Gb Onboard External/on-board .
14 40 69 At least 8 and expandable -
6 External 7 At least 4 and expandable
_ OS- Arduino OS- Linux OS- Linux Open Source (0OS)
Ethernet None Yes Yes Yes
85°C@ 85°C® 90°C (processor) 70 °C(overall)
performance
GIOEET T Arduino LLC | RPi Foundation | BeagleBone.org -

~USD 50100
Cost USD 30 USD 35 (variable;various -

sources on googlé¢

(1) ATMEGA chip
(2) Broadcom Application processor runs the hottest and can withstand temperatures of up t@5COMPULABffers RPI
unit with maximum operating temperature of80 °C.

27th AMEU Technical Convention 2019
The 4th Industrial Revolution (“4IR”)

Building the Power Utility of the Future, Today




Objective 1: Technical feasibility‘

Are there open source applications in the market that meet our requirements; and :
How mature are these applications?
5] -
Stars| Contributors| User group ‘ Activity .
OpenDNP3| 158 22 386 (674)
14 2013 2019
OpenVPN | 4024 102 34713 (19123)
[5b1] (507 2000 2019
PyModbus | 866 40 334 (263)
[5c] 20090 T 2019
Node-red |8317 106 5100 (6000) :
(5d] 2013 2019
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Objective 1: Technical feasibility

Architecture :
SA SA
I |
= = SPI 1 wire Temp & Humidity
| e OPENDNP3
DIGITAL INPUT QUTPUT HEEL NODE
VPN RED 12C 4 =
PhAVoltsI_Pml_ 1 2
PhB Volts PhB Amps OPENMODBUS
| PheVoks PHC Amps ANALOGUE INPUT
POWER TRANSDUCER NTP SQLite3 RTC

Raspberry Pi
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BRICHHILL ROSD

CRESTMORE Ss 3532
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Objective 1: Technical feasibility ¢

Processor and memory performance :

CF'LJ usage on RF'I Memory available on RPI

41.6 T T | T T T 5[] I I [ | | |
-0, mnmcx 41 m: |

memary free |

sl . —ncﬂn??x 42

CFU usage
memaoary free

20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
sample # sample #
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Objective 1: Temperature performan

/\ Temperaturem
B85 7 T AN T 7 T AN | . | L
throttling g
BO |- — .
—temperature f
75 |~ 7] :
0 thermal runaway installed on site- :

thermal runaway
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Objective 1: Technical feasibllity s

Avallability performance

Last login: Mon Apr 10 22:27:49 2017 from 10.12.210.90
s ps -ef |._.grep outs

www-data 1734 1 99 ZBE? ? 47721-20:24:18 . /outstation-demo
pi 7077 7066 0 13:48 pts/1 00:00:00 grep --color=auto outs
S uptime

13:53:13 jup 499 days], 22:52, 2 users, load average: 1.49, 1.45, 1.40

:~ § ps -o etime= -p 1734
[F99-22:52:32
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Objective 1: Technical feasibllity s

Faillure modes

V V

SD-card Ethernet port
No. of writes \ Temperature
N
._* B _,_‘ | |
— = ," P Device offline
OS Software support
/ 3 EMI susceptibility
QS stabili
# : ty
Software EMI

V V
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Objective 2: Nortechnical challengew

Human resources

Spares Support
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Objective 3: Cost advantages
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Capex :
tem R Vendor specific

Microprocessor with DNP®rotocol R3 000 R 22 000
Inputs (Digital and analogue) R800 R6 000
Temperature and humiditysensor R150 R 200

Cabinet and accessories R1 100 Incl
Total R5 050 =—p ~R23 000 —— R 28200

eThekwinids 15 00 R 75750 000 : R 423000000

Opex
Virtual ecosystem for support

Building the Power Utility of the Future, Today
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Discussion and conclusion

A. Technically viable OS remote monitoring for Smart Grid
AWell supported Open Source software applications exist
AOpen Source proposal indicates stability

B. Non-technical challenges
AMore collaboration by Utility Engineers on Open Source concepts

C. Costing
A Significant upfront and operating cost benefits

OS proposal offers a compelling low cost remote monitoring solution
Flexibility and technology agility to organisation
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[6]

Comparing open source and proprietary software

[ PROPRIETARY IS BETTER

Technology flexibility/
extensibility

Developer
satisfaction

Total cost of
ownership

Development
speed

Quality of
code

Security

Functionality

Performance
and stability

Reliable support/
consulting services

B ax%

B 5%

B s%
B 0%
B 5%
N 13%
D 14%
D 14%

OPEN SOURCE IS BETTER

Questions

I | 3 5%

e P
U ZU

BASED ON 376 RESPONSES

40

G0 80%
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