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SmartGrid Intelligence Engineering:

- How to design and validate distributed
intelligence?

- Where and how to deploy it?
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MIT Technology Review 2011 about FREEDM

“One of the 10 most important technologies being developed worldwide”

[] TR10 - Technelogy Review
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10 EMERGING TECHNOLOGIES 2011

Every year, Technology Review looks at the advances that have
happened over the previous year and chooses 10 emerging
technologies that we think will have the greatest impact. The ultimate
criterion is siraightforward: is the technology likely to change the world?
This year's group includes high-energy batteries that could make
cheaper hybrid and electric venhicles possible and a new class of
electrical transformers that could stabilize power grids. Some of our
choices will alter how you use technology: you'll be tapping into
computationally intensive applications on mobile devices, or using
gestures to command computers that are embedded in televisions and
cars. Other choices could improve your health; for instance, doctors will

no matter the category, all 10 promise to make our lives better.

Watch the TR10 Video Introduction
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Contralling computers with
our bodies

craft more effective cancer treatments by understanding the genetics of individual tumors. B
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Encryption

Making cloud computing
maore secure
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Smart Transformers

MAY/JUNEz01: | BY DAVIDH, FREEDMAN

Controlling the flow of electricity to stabilize the grid

n a lab wired up to simulate a residential
I neighborhood, Alex Huang is working to
revamp aging power grids into something
more like the Internet—a network that
might direct energy not just from
centralized power stations to consumers

Powerful electronics: The smarttransformer can
handle AC and DC power and, thanks to
semiconductors capable of handling high voltages,
be programmed to redirect the flow of electricity in
response to fluctuations in supply and demand

A, High-voltage semiconductor-based AC rectifier.
B. High-voltage semiconductor-based DC converter.
C. High-frequency transformers.

but from any source to any destination, by ~D. Control circuitry. Credit: Bryan Regan
whatever route makes the most sense. To
that end, Huang, a professor of electrical

B i 2, 2] N Alex Huang
engineering at North Carolina State (Morth Carolina State University) Directing the
University, is reinventing the transformers flow of energy more precisely could mean
that currently reduce the voltage of the more resilient and efficient grids.
electricity distributed to neighborhoods sa Others working on Smart Transformers

that it's suitable for use in homes and Amantys, Cambridge, UK.

Cree, Durham, North Carolina
Electric Power Research Institute,
Palo Alto, Califarnia

offices.

His new transformer will make it easier for
the grid to cope with things it was never
designed for, like charging large numbers <E Audio »

of electric icles and tappiqe surplus

To build such a transformer, Huang started developing transistors and other
semiconductor-based devices that can handle thousands of volts, founding the Future
Renewable Electric Enera Delivery and Management Systems Center at NC State in
2008. His first transformer had silicon-based components, but silicon is too unreliable for
large-scale use at high voltages. So Huang has pioneered the development of
transformers with semiconductors based on compounds of silicon and carbon or gallium
and nitrogen, which are more reliable in high-power applications. He expects to have a
test version of the silicon-carbon transformer ready in two years and to have a device

that utilities can test in five years.




Distributed Grid Intelligence

Legacy grid
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A. Q. Huang, M. L. Crow, G. T. Heydt, J. P. Zheng, and S. J. Dale, "The Future
Renewable Electric Energy Delivery and Management (FREEDM) System: The5
Energy Internet," Proceedings of the IEEE, vol. 99, pp. 133-148, 2011




Why IEC 61499 ?

» Need a software platform for distributed
automation system development

» Other options:
> Implementing agents with hand-made APIs
- Existing platforms like JADE

Are not likely to succeed due to dependability and
maintainability requirements of automation

» Verification and validation of distributed
behavior

» Autonomous behavior can be encapsulated
into function blocks




Direct Distributed System Programming +
System-level Validation
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DGI: Load Balancing
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Load Balancing: Model-based Software Engineering
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Load Balancing System model Initially in
NxtStudio

» Load balancing application system level model
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Exploring Portability benefits of IEC 61499

FB application designed in NxtStudio
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Exploring Portability benefits of IEC 61499

FB application designed in NxtStudio Migrated to 4DIAC
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Exploring Portability benefits of IEC 61499
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Why port to 4DIAC

» Open source

»Very easy to cross compile
the run time to target

hardware.

o Uses CMake

- Hence It Is just a two step procedure (to
get your build environment set)

- Generate the build environment by specifying your cmake
configuration file

. -DCMAKE_TOOLCHAIN_FILE
B Build it.



Any issues with semantic differences?

» None for this application

p—



Load Balancing Co-Simulation Setup
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Results - 3 Node without additional DESD g‘t s
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Results - 3 Node without additional DESD ét5t2§
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Results - 3 Node without additional DESD ']A‘tOt S
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Results - 3 Node without additional DESD ?tztzé
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Distributed SCADA concept with PnP support
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Results - 3 Node with additional DESD  Att=
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Conclusion

Use of different IEC61499 tools to achieve
interoperability.

- Use of 4DIAC and NxtStudio

Multi-platform use of the 4DIAC tool

> Cross compiled the run time to target hardware

Some important learning's

- Difference in execution semantics of the different
IEC61499 tool vendors.

Use of 4DIAC (IEC61499) for developing smart
grid applications.

28



Future Work

» We are porting all our smart grid applications
to 4DIAC

» SIFB’s for ARM board peripherals and
communication blocks for MATLAB

29



Thank you

Questions?
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