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Typical Microgrid Structure

Transactive Energy through Justgrids by Prof SP Daniel Chowdhury
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Microgids Operation

Prof SP Daniel Chowdhury



Prof SP Daniel Chowdhury



Prof SP Daniel Chowdhury

hury



Prof SP Daniel Chowdhury



Prof SP Daniel Chowdhury

LAB Characteristics
Battery 

Technology Advantages Disadvantages

LABs

Low cost Heavy and bulky

Available in large quantities Unsuitable for fast charging 

Abuse-resistant Short lifespan 

High tolerance to overcharge

High self-discharge during high 

temperature

In-built self-balancing mechanism

Limited energy density (30 -

40Wh/kg)

Low internal resistance consequently 

deliver very high current Not good for the environment

Amenable to float-charging and trickle-

charging
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LIB Characteristics
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 

High energy efficiency

Sensitive to overcharge and 

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
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SC Characteristics
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 
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Comparison of LAB-LIB-SC BESS

Energy

Density

(Wh/kg)

Power

density

(W/kg)

Nominal

Voltage ( V)

Cycle

life

life-

span

(year)

Self-

discharge/

Month

Cost

($/kWh)

LAB 30 -50 100 - 250 2 200-

300

2 – 5 2% 50 – 65

LIBs 100-200 100-28k 3.7 500-

1000

7 -12 2 -10% 500-600

SC 5-15 >10k 2.5 600-

1400

8 -15 2 -10% 1000-

5000
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Global Economy 

Challenged by 

e-Theft

Global Loss 

$90B; Africa 

$25B
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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. 

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

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

Energy Theft (e-Theft)
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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?

Energy Theft (e-Theft): Impacts?
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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 circuit 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- inside style By removing CT Power theft by tampering test terminal block

Drilling holes on electro-mechanical meter Tampering on display circuits of energy meters Power theft using magnetic switch

Direct tapping from overhead lines By meddling with counter circuits using shims Remotely operated power theft in high tension meter

Looping of supply from incoming wires Introducing limit 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

Partial Earth fault tampering Tampering of real time clock

Missing neutral method Power theft in voltage circuit

Cross potential method By means of electrostatic discharge

By tampering printed circuit board

By tampering the frequency circuit
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Energy Theft (e-Theft): How?

Other Ways?
Wires/ Cables- Illegal tapping to bare wires or underground 
cables.
Transformers- Illegal 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
Fraudulent stealing of electricity through illegal connection to 
the line
Irregular billing system
Corruption on the part of fraudulent staff of power utility 
(bribery)
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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.
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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
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AMI: Is it Winning?
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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
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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%
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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
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2013
• 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%

2014
• 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%

2015
• 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%

2016
• 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%

CONVICTION STATISTICS 
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UCSD 

Californian 
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SDG&E : Borrego Spring MicrogridSDG&E : UCSD  Microgrid

SDG&E Microgrid Structure

SDG&E : Clean Transport EV  



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… GridWise Council

A software-defined grid managed via 

market-based incentives to ensure 

grid reliability and resiliency….Smart Grid 

Dictionary: 
Prof. SP DANIEL Chowdhury  
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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.
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How does Transactive Energy look like?

Prof. SP DANIEL Chowdhury  

Courtesy: Barrager, S. E. Cazalet, 2014. Transactive Energy: A Sustainable 

Business and Regulatory Model for Electricity, p. 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  
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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









Microgrid Bricks
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