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Simplice Noubissie | An efficiency control algorithm for building automation systems in | 2019
government buildings in South Africa

Nhamo Dhlamini The impact of large penetration of photovoltaic generation on the |2019
utility grid: A case study for South Africa.

Maxwell Sibanyoni | A Study on Synchronization of single phase inverters in South 2019
African grid with high degree of penetration of renewable energy

Macdonald Nko Investigation of storage facility for renewable energy system using | 2019
solar power plant as base source: A case study for South Africa

Hugues Kazeza Optimization of a Solar PV based Water Pumping Systems 2019

Prosper Tembe A study on the residential energy efficiency programme 2019
framework in South Africa.

Banjo Aderemi Dynamic Energy Saving for Hybrid Powered Mobile Cellular Base 2019
Station

Mpho Lencwe Performance enhancement of Lead Acid-Super Capacitor hybrid 2019
battery

Raymond Kene Performance Prediction of Photovoltaic Arrays 2019

Transactive Energy through Justgrids by Prof SP Daniel Chowdhury




Transformation Trend
Btech = Master = DEng

®
N . s
B #_\ Tshwane University
.I. of Technology
We empower people

Prof SP Daniel Chowdhury



I
: )
X

®
N e s
B #_\ Tshwane University
.I' of Technology
We empower people

Prof SP Daniel Chowdhury




Community Engagement

Pretoria Tau/nsfw'}as

Tshwane University
of Technology

We empower people

M Inbox (55) - spchowdhur X Ef Shyama Pada Chowdhur X \-.itj Campus maps X & google aerial picture of | X f_!\ Prof. SP Daniel Chowdht X m Gauteng - Google Maps X X
< C' | & Secure | hitps://www.google.co.za/maps/place/Gauteng/@-25.6749879,28.132017,11z/data=14m5!3m4!1s0x1e9512955411779f.0x6d%ee7c7cb5438e2!8m2!3d-26.2707593!14d28.1122679 @
GoogleMaps ~ ©auteng ot [
21 ] T
~
o o OO
Rabokala "
=m [Ri01]
+
Kgabalatsane (1] =a —_
M7
e E=
Rankotea
Ga-Rankuwa 35 | [R101]
Em O R0
[Rss6 | ROSSLYN {Re7]
olokwe m m V
Rsso | rafo o a 101 4] Roodeplaat el | Ras|
0 Akasia o o
aelane [ Rs66 [ R511 | U
Zilkaats Estate 7513  #513]  R573] Cullinan EEE
0 M17 PRETORIA NORTH prrey
m MONTANA PARK =8 | Rs15]
Bushveld
[R512] View Estate
o EERSTERUST @ o
sapong ¥ mm o m : 2@
SCHOEMANSVILLE MAMELODI
Em Majakaneng 4 ] Rayton
Hartbeespoort [ 4] o
=m o = D8 siverrakes-
[R512] ATTERIDGEVILLE Golf Estate 4]
| R223 ]
=3 [ R104] [ Rs5 | Mis | = LOE";E;]{SY EXd Donkerhoek Ea
Broederstroom o
2512 [Ean) 10 L R
&= @ [R50
[ Mio] (s ] =m N
. . _
T Intelligent HESS P...pdf T Intelligent HESS P...pdf O EcLekhuleni SAU...docx A & Energy Planning f..pptx 1@ pMamelodi Initiates... | 2 8 Mamelodi Squatte... & Show all X
g P g P ay g I...pp JP9 g JP9
] — — P
N = Q M a7 ™ Sl B gom
J : DT O o » - D [ D . od 0 P D3 B 0



AL
g )
)

pY
n? mst ’0',,4" u and (heé Fsoun
Danlal o un uscmn [4
ate of l,c‘urers pa’’ developed
mcmrs scnaals in he univm
pdr(om' p‘tfsr. n? diti°
ulty's anﬂu Icomm
T oo a!ogy
095" pft

Ieam¢u
paﬂ of the (74
oeﬂr‘g 2
nal P
(i




\./

5 T 2T
l:'.hl A n W . #_\ Tshwane University
; e of Technology
9& - . I . We empower people

1. Background at a glance
2. Microgrids & Energy Storage
3. Energy Poverty & e-Theft

4. Transactive Energy & Just Communitygrids

5. Way forward: Embracing NDP-2030 & SDG-2030

e
y.
e,

, | Prof SP Daniel Chowdhury






SYWSTEM SIMMULATICON

OIS PLAY
' CONTROLLER
COMTROLLER

ST

F3 | Pa

SERDAL
CaRD
INTERFACE

R5232C LINK,

hAP S BN LSl
INTERFACE

TACHO - ZERD CROSSHG
GEHERATOR DE TECTOR

!

VOLTAGE OPTO-ISOLATED
GHAL  |-———
DIVIDER ANPLIFIER: e ST FR OM VP

FREQUE HCY <—1
LOAD POWER
SIGHAL r

') o]
AC CURRENT TO i THYRIS T ISED

D FLTAGE GE
CONVERTER RECTIFIER

55

CURRENT
TRAHNSFORMER RECTIFIER

A

——— TO VP

SURGE SUPPRESSOR

TO ARMATURE

Lo & Bal '8 ool

220V, 50Hz AC SUPPLY

Prof. SP DANIEL Chowdhury (NRF Rated)
Finalist of diti Techmology Awawrd 2013




Vertically Integrated Power Supply Systems

GENERATION
Electricity is generated at
various kinds of power plants

by utilities and independent
power producers.

TRANSMISSION
Electric transmission

is the vital link between
power production and

-
power usage. Transmission | AV :T\ -
lines carry electricity at high i N = T SUBSTATION
voltages over long distances
suaswmon *
: ' '

from power plants to communities.

" DISTRIBUTION ,
Electricity from transmission
lines is reduced to lower ooy -
voltages at substations, and
distribution companies then
bring the power to your home
and workplace.

Prof. SP DANIEL Chowdhury (NRF Rated)
Finalist of dii Techwmology Awowd 2013
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BEZ  LAB Characteristies  G)FEs

Battery

Technology | Advantages Disadvantages

LABs
Low cost Heavy and bulky
Available in large quantities Unsuitable for fast charging
Abuse-resistant Short lifespan

High self-discharge during high
High tolerance to overcharge temperature

Limited energy density (30 -
In-built self-balancing mechanism 40Wh/kg)

Low internal resistance consequently
deliver very high current Not good for the environment

Amenable to float-charging and trickle-

charging

_LH
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_p LIB Characteristics () 7™

Battery
Technology | Advantages Disadvantages

LIBs

Smaller and lighter Moderate initial cost

High charging rate Degrades at high temperature
High energy and power density per unit
mass Need for protective circuitry
Sensitive to overcharge and
High energy efficiency deep discharge

No memory effects

Relative long lifespan

High capacity

High rate and High [power discharge
capability

Low self-discharge

No maintenance required

Broad temperature range of operation

Prof SP Daniel Chowdhury
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Battery
Technology

Advantages

Disadvantages

SCs

Virtually Unlimited Life Cycle

Low Energy Density

High power density, Low resistance, High
Load Current

Quite High Cost per Watt

Super Fast Charging (in Seconds), No End-
of-Charge Requirement

Linear Discharge prevents Full
Energy Spectrum

Simple Charging, No Problem of
Overcharging

High Self-Discharge

Safe, Forgiving if Abused

Low Cell Voltage

Excellent Low Temperature
Charge/Discharge Performance

Prof SP Daniel Chowdhury
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Comparison of LAB-LIB-3C BESS (is)) dremon ™

Energy Power Nominal Cycle |life- Self- Cost
Density density | Voltage (V) | life span discharge/ |(S/kWh)
(Wh/kg) | (W/ke) (vear) | ionth
LAB (30-50 100-250 | 2 200- (2-5 2% 50-65
300
LIBs |100-200 100-28k |3.7 500- (7-12 2-10% 500-600
1000
SC 5-15 >10k 2.5 600- |8-15 2-10% 1000-
1400 5000

Prof SP Daniel Chowdhury




=3 Comparison of HBESS (b i

_m Scalability m

Regular lead
acid battery XAhkk kkkk  kkk

Super capacitor Ak kk kkk k% * % 18,88
Lithium ion * %k *k XX * % *kkk

Vanadium
r:::xﬂow Xhkk hkkk  dkkk  kk 8.8

battery

XKk kX

x
Sodium sulfur Kk kX x *k
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‘ Global Economy
..“ Challenged by

Global Loss
$90B; Africa
$25B
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Energy Theft (e-Theft)

Energy Theft (e-Theft)
What is Energy Theft (e-Theft)?

Criminal act of illegal acquiring or tampering of the electrical energy.

This is non-technical loss in transmission and distribution of
electrical energy.

It encompasses tampering with and bypassing of the electrical
meter, theft of power accessories such as meters, cables,
transformer etc., evading or refusing to pay the utility bill
consumed.

s it a local/regional/continental/global phenomenon?

These are heavily impacting the economy of the
country/continent/globe.

Prof. SP DANIEL Chowdhury
Finalist of dit Techmology Awouwrd 2013




Energy Theft (e-Theft): Impacts?

Adverse impacts on the socioeconomic structure?
Impacts on economic growth?

Developmental Dependence on energy sector?
Lack of money for other sectors?

Extra costs in the replacement of the stolen items?
Quality of social lives?

PUI-Poverty, Unemployment, Inequality?

Is PUI Cause or Effect?

Prof. SP DANIEL Chowdhury
Finalist of dit Techmology Awouwrd 2013




Energy Theft (e-Theft): How?

Power Theft in Electro-Mechanical Meters

Power Theft in Electronic Meters

Meddling with High Tension Metering Equipment

Power theft in voltage circu

Power theft by altering the ‘burden’ of current transformer (CT)

By-passing CT-PT equipment

By-passing meter- outside style

By providing shunt CT

Power theft in trivector meter

By-passing meter- nside style

By remaoving CT

Power theft by tampering test terminal block

Drillng holes on electro-mechanical meter

Tampering on display circuits of energy meters

Power theft using magnetic switch

Direct tapping from overhead fines

By medaling with counter circus using shims

Remotely operated power theft in high tension meter

Looping of supply from incoming wires

Introducing imit switch

Direct tapping from transformer bushing

Direct tapping from incoming wires

Power theft by meddling with teeth of micro gear wheels

By detaching the secondary wires of CT

Tapping from service wires Reversing reading of energy meter
Partal Earth fault tampering Tampering of real tme clock
Missing neutral method Power theft in voltage circui
Cross potential method By means of electrostatic discharge

By tampering printed crcutt board

By tampering the frequency circutt

Prof. SP DANIEL Chowdhury
Finalist of dit Techmology Awouwrd 2013




Energy Theft (e-Theft): How?
Other Ways?

Wires/ Cables- lllegal tapping to bare wires or underground
cables.

Transformers- lllegal terminal taps of overhead lines on the
low side of the transformer.

Unpaid utility bills

Deliberate tampering with the meter by the consumers to
deceive the authority of power utility company

Fﬁauldulent stealing of electricity through illegal connection to
the line

Irregular billing system

Corruption on the part of fraudulent staff of power utility
(bribery)

Prof. SP DANIEL Chowdhury ‘\,
A Finalist of dit Techmology Awawrd 2013 9.




Minimizing Energy Theft (e-Theft): Challenges?

Poor Literacy rate
Lack of awareness
Lack of accountability from the authorizing personnel

Lack of effective participation through ownership between
government and the people

Corruption to keep up with competitive standards of lives?
Lack of holistic approach in human capacity development?

How to inject willingness to perspectives change in energy
theft.

Prof. SP DANIEL Chowdhury
Finalist of dii Techmology Awouwrd 2013




Minimizing Energy Theft (e-Theft): Way Forward?

Implementation of new technologies such as Advanced
Metering Infrastructure, (AMI), as well as automated meter
reading

Dynamism in the fundamental law and institutions governing
the affair of power grid transmission and distribution

There must be a strategic management improvement plan,
(SMIP) towards reducing future energy theft in energy
distribution. This must be followed up, and improved on, where
necessary

This plan must be affordable and cost effective
Reduce corruption

Increase the awareness on the danger of energy-theft
Inculcating Virtue Ethics

= NN Prof. SP DANIEL Chowdhury
e\ A\ Finalist of dit Techmology Awawrd 2013




AMI: Is it Winning?

Secandary Primanry
Substation Substation - \
~ "

Generation
Planz

Distribution
Transtormear
F/ __ b Transmission
J V Lanes
Power Line
Commumication,
c'::w Center Optical Fiber Comroq Up
Secondary Center
Substation onmer
—
" - J - >
Tx bnes for Power Line Three phase
Oistribution Communication Smart Meter
— Industry

Single phawe
Smart Meter
=== = Fan, TV, Lights, Refrigerators,
I g I AC, Electric motors
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Advantages of Advance Metering Infrastructure?

Provides stable energy supply

Prevent consumers from energy theft
Accurate billing system

Secures consumers personal information
Secured against unauthorized personnel

Prof. SP DANIEL Chowdhury
Finalist of dit Techmology Awawrd 2013




Energy Losses in e-Theft: A comparative Study

Sr No. Country Name 2005-2009 2010-2014
01 Israel 03% 03%
02 Japan 04% 05%
03 Russian Federation 10% 10%
04 Bangladesh 10% 10%
05 Sri Lanka 14% 12%
06 Brazil 17% 16%
07 India 20% 21%
08 Parkistan 16% 17%

Prof. SP DANIEL Chowdhury

Finalist of dit Techmology Awouwrd 2013




SOUTH AFRICA’S
LEADING INTELLIGENCE DRIVEN
INVESTIGATIONS COMPANY

Corporate Investigations

(P \ Combined Private Investigations



STATISTICS

Eskom — Nationally crime reduced by 80%

Transnet — crime reduced by 70% in less than 2 years

Ekurhuleni — crime reduced by 60% within the first year of contract
City Power — crime reduced by 70%

City of Tshwane — incidents decrease by 70%

Transnet — since inception of new contract in 2010, more than a

1442 cable thieves were arrested in the act relating to Transnet
networks only

f

/ CP|\ Combined Private Investlgatlons

estigatio

N~ 33 New Road, Halfway House, Midrand 1685.
Web www.comblnedp| co.za



CONVICTION STATISTICS

CPI attended to a total of 138 concluded court cases

Out of the 138 cases, CPI was able to secure successful convictions in
120 cases, resulting in the conviction of 191 accused

Overall conviction rate for 2013 is 87%

CPI attended to a total of 156 concluded court cases
Out of the 156 cases, 277 were accused and convicted
Overall conviction rate thus far for 2014 is 95%

CPI attended to a total of 293 pending court cases since Jan 2015 —
Dec 2015

CPI was able to secure successful convictions in 138 cases, resulting
in the conviction of 218 accused

Overall conviction rate for 2015 thus far is 91%

CPI attended to a total of 42 pending court cases since Jan 2016 — May
2016

CPI was able to secure successful convictions in 35 cases, resulting in
the conviction of 76 accused

Overall conviction rate for 2015 thus far is 83%

Prof. SP DANIEL Chowdhury
Finadist of dii Technology Awawrd 2013
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SDG&E : UCSD Microgrid SDG&E : Borrego Spring Microgrid

L

Gerer oUON

wWind  Photoveitoky  Coaventisnsl

SDG&E Microgrid Structure

Prof. SP DANIEL Chowdhury
Finalist of diti Technology Awawrd 2013
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What is Transactive Energy (TE)?

A set of economic and control
mechanisms that allows the dynamic
balance of supply and demand across
the entire electrical infrastructure

using value as a key operational
parameter... cridwise Council

A software-defined grid managed via
market-based incentives to ensure
grid reliability and resiliency....smart Gria

Dictionary:
Prof. SP DANIEL Chowdhury
Courtesy: California Public Utilities Commission Policy & Planning divison




What we see in Transactive Energy?

*TE is an intelligent device-enabled-grid
to optimize allocation of resources
utilizing economic signals in Grids &
Microgrids

»a double auction market used to control
responsive demand side assets

»real time pricing in “price-to-devices”

Prof. SP DANIEL Chowdhury
http://www.gridwiseac.org/pdfs/te_framework_report_pnnl-22946.pdf

http://www.smartgridlibrary.com/2013/09/16/transactive-energy-american-
perspectives-on-grid-transformations/



http://www.gridwiseac.org/pdfs/te_framework_report_pnnl-22946.pdf

Adavantages of Transactive Energy

Any customer can buy and/or sell

A network environment, rather than on a hierarchical
grid.

Free communication of information between parties to
enter into exchanges.

Embedded price signals in the energy system for
electronic commerce of energy.

A price bridge for all kinds of devices and institutional
boundaries,

Distributed decision-making to optimize resources.

Prof. SP DANIEL Chowdhury
Finadist of dii Technology Awawrd 2013




How does Transactive Energy look like?

The Transactive Energy Process is straightforward.
There are tenders and transactions. There are two
kinds of transactions: “forward” and “spot.”

@

Consumer o {\\_/

By Tenders:

s s @
%MQ Transactions: Delivery

Forward
and Spoe

Scll Tenders
Focward

nrd Spoe

C20a Sy Botet VW LLL M Higv Reterveg

Prof. SP DANIEL Chowdhury
: A Sustainable
Business and Regulatory Model for Electricit . 15.




What to Conclude on TE

Internet-based economy opens up many doors in energy business
Innovations in electricity services

Integrations of DERS in peer-to-peer energy sharing as AirBnB for
the grid.

It has flexibility, reliability with storage facilities in integration of
renewable energy and load following

Opportunities for high tech jobs creation
But it is a complex answer of a complicated problem

It is quite intriguing in its value proposition for day-to-day
functioning, at this stage

Probably not yet ready to fly even in California and it needs further
research for commercialisation

Prof. SP DANIEL Chowdhury
Finadist of dii Technology Awawrd 2013
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Way Forward for PUI & Energy Poverty Alleviation by

Embracing NDP Vision 2030 & SDG Envision 2030

Facilitating Endeavours of the Department of Energy
in several activities

Embracing Ethics of Care through Servant
Leadership for Eradicating PUI

Implementing Applied Research in Mitigating Water
and Energy Crysis

Participating in Global Mission 2050 for 100%
Renewable Energy (as initiated from San Diego)

Prof. SP DANIEL Chowdhury
Courtesy: California Public Utilities Commission Policy & Planning divison
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