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Introduction

White Paper

Smart grid systems offer the engineer significant design challenges as these systems
must have longevity, from not only a reliability standpoint but also from the
perspectives of performance and functionality. In addition, smart grid products
require their designers to keep abreast of the latest standards and make provisions for
inevitable upgrades and updates. The Altera® Cyclone® V FPGA and Cyclone® V SoC
families provide engineers with technology—silicon, development tools, and
intellectual property (IP)—that provide superior reliability, performance, time to
market, maintainability, and cost.

Legacy power infrastructure is intrinsically inefficient (Figure 1), aging, and the
operation of it is often harmful to the environment. Power outages caused by aging
equipment, inefficiencies, and inadequate control/monitoring are damaging to the
communities that the infrastructure is intended to serve. Standards organizations and
engineers have risen to the challenge, promising to solve many of these
aforementioned drawbacks. The so-called “smart grid” embodies many of these
solutions. Smart grid systems offer the engineer significant design challenges as these
systems must have longevity, from not only a reliability standpoint but also from the
perspectives of performance and functionality. Altera’s FPGAs and SoCs provide
smart grid engineers with technology that provides superior reliability, performance,
maintainability, time to market, and cost.

Figure 1. Energy Flow of the US Power Grid (in Quadrillions of BTUs)
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Source: US Department of Energy, 2012.
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Overview of the Smart Grid

Overview of the Smart Grid

Figure 2 depicts a modern power delivery architecture that includes power
generation, transmission and distribution (T&D), and consumers. The smart grid
differs from legacy systems in many aspects, including new technologies such as
renewable energy sources, energy storage, and instrumentation (including consumer
metering and grid performance analysis). Optimal control of the grid hinges on the
presence of extensive communications and electrical power networks, the close
monitoring and control of grid parameters, and provisions to ensure reliability and
security.

Figure 2. Smart Grid Overview
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Electrical power generation involves energy conversion. The predominant power
generation method employs harnessing the energy provided by steam produced
through chemical or nuclear processes. Turbines use the steam to turn generators
completing the energy conversion chain. Not only does the heat to steam to turbine to
generator process have a significant environmental impact, but also is a fundamental
cause of the inefficiency as portrayed in Figure 1: the conversion losses represent
unharnessed heat energy escaping through a smoke stack. In contrast, wind and
hydropower convert mechanical energy directly to electrical power while
photovoltaic (PV) arrays convert solar energy. As demand varies by season and time
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T&D

AMI

of day, generating the right amount of power at the right time (peak demand
management) is a key power-grid performance metric, as poor control of available
power impacts reliability, efficiency, and economic performance. Utility companies
identify improved peak demand management as a key benefit of a smart grid
implementation.

For further information, refer to the North American Municipal Utility Smart Grid
Deployment Survey 2012 by Greentech Media.

While power generators are somewhat analogous to the “heart” and the transmission
lines to “arteries,” the network of substations and control centers with its
infrastructure of controllers, instrumentation, sensors, and communications channels
are the “brain” of the smart grid. The T&D infrastructure has many roles aside from
energy delivery, including protection of the grid, optimization, control, monitoring,
diagnostics, and security. Many of the core smart grid specifications address
substation automation as well as communications and control across the network of
substations and transmission lines. FPGAs and SoCs are gaining acceptance in T&D
equipment due to their reliability, flexibility, and performance. These characteristics
are especially important as grid standards continue to evolve.

Instruments that measure electrical usage (Wattmeters) have been a part of the
electrical grid since its inception, with human meter readers and, later, digital
wattmeters used to collect and communicate customer usage data. By the 1990s,
utility companies encouraged consumers to accept “smart” power meters that
provide two-way communication via a newly installed network. These smart meters
enabled demand-side management, enabling customers to choose their level of
electrical service. For example, a utility using an advanced metering infrastructure
(AMI) could shut down an electric water heater during peak times. In exchange for
this concession, the utility charges the consumer a preferred rate. Because this
network of meters provides instant feedback to the utility regarding the state of the
grid, such as the extent of a power outage, it enables the utility to provide better
service—faster return to service, fewer outages overall, etc.—to customers.

Micro-Grids and Local Power Generation

A micro-grid comprises a smaller generator coupled with a transmission line network
serving a local cluster of customers. While this approach is not a new paradigm, when
energy providers completely decentralize the electricity infrastructure (e.g., networks
of micro-grids), the impact of a “grid” failure is highly localized. A micro-grid system
is capable of isolating the damaged portion of the grid, while the balance of the entire
power delivery infrastructure continues to operate independently. Networked micro-
grids address the damaged area by rerouting power until operators repair the
damaged section. By contrast, centralized topologies can suffer failure in control or
equipment that occasionally results in widespread outages and, in extreme cases,
catastrophe.
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Core Smart-Grid Standards

Over the past decade, consumers purchased and now operate grid-connected
equipment. For example, the cost/Watt of PV panels has decreased by an order of
magnitude over the past 18 months, making personal ownership of a grid-tied solar
array more commonplace. Consumers sell surplus electricity to the power companies.
Grid-tied solar inverters must meet stringent requirements (called “grid codes”) if
connected to a public power grid.

Core Smart-Grid Standards

Prior to the mid-1990s, no global power grid standards existed that enabled energy
providers to deploy interchangeable equipment. To facilitate improved control and
flexibility, the grid needed to transform from a single network of transmission lines to
a pair of networks comprising communications and power distribution. The
International Eletrotechnical Commission (IEC) developed a set of core standards that
addressed substation architecture, communications, and security, as well as timing
and synchronization. While certain core grid standards are completely new, the IEC
wisely chose to adapt existing standards as warranted.

Communications: IEC 61850

Work began on the IEC 61850 standard, Communication Networks and Systems in
Substations, in 1995 when representatives from the IEC, the American National
Standards Institute (ANSI), and others collaborated on a new way to control
substations by implementing robust communications networks as well as a
framework to facilitate automation. Prior to IEC 61850, designers of power
infrastructure equipment had no common global standard. Utilities found that
interoperability between different vendors was impossible and upgrading equipment
from the same vendor was a nightmare. IEC 61850 addresses the following;:

m Communications requirements

m Functional characteristics

m Data structures for control

m Naming conventions for data

m How applications interact and control the devices
m How to test for conformity to the standard

Since the inception of IEC 61850 and as system knowledge and requirements have
evolved, incremental capabilities have been added to broaden and refine the
standard’s performance and functionality, including areas like hydro power, PV
power plants, and distributed energy resources.

From an internal substation infrastructure perspective, IEC 61850 facilitates
interoperability, flexibility, and control by replacing hardwired implementations with
a network of substation equipment communicating over fiber optic cable (Figure 3).
While this network solves a number of problems associated with flexibility and
interoperability, it creates new challenges as well. For example, the fiber optic
network (and its accompanying layers of communication hardware and
communication stacks) replaces low latency copper wire connections. To facilitate this
network, IEC 61850 provides support for special messaging that bypasses layers of the
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communication stack to reduce latency (Figure 4). This special implementation passes
messages containing time-critical information (e.g., Generic Object-Oriented
Substation Events (GOOSE)) that two applications share in less than 3 ms.
Information provided by instrumentation (e.g., sampled values) has a similar
provision.

Figure 3. Switchyard Wiring Approaches
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Figure 4. IEC 61850 Communications Stack
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Substation automation standards like IEC 61850 specify that no single point of failure
causes a system malfunction; therefore, substation architectures employ redundancy
for all mission critical components. Additionally, substation system engineers must
meet recovery time specifications (the time required to identify and restore a
substation service after a failure) as listed in Table 1.

Table 1. IEC 61850 Recovery Times - Applications and Communications (Source: IEC)

— . Recovery Time Recovery Time
Communication Event Service (Application) (Communication Link)
SCADA to IED, (client server) IEC 61850-8-1 800 ms 400 ms
Interlock (IED to IED) IEC 61850-8-1 12 ms 4 ms
Reverse Blocking (IED to IED) IEC 61850-8-1 12 ms 4ms
Protection trip (excluding bus bar) IEC 61850-8-1 8 ms 4 ms
. IEC 61850-9-2
Bus Bar Protection (station bus) <1 ms Zero
Sampled Values IEC 61850-9-2 <2 consecutive Zero
(process bus) samples
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Communications: IEC 62439

In conjunction with the special communications stack shown in Figure 4,

IEC 61850-90-4 specifies the use of portions of IEC 62439-3, High Availability
Automation Networks - Part 3, to fulfill these requirements. Clause 4 of the standard
describes the Parallel Redundancy Protocol (PRP), shown in Figure 5, while Clause 5
specifies High-Availability Seamless Redundancy (HSR), shown in Figure 6. Some
T&D equipment designers first implemented grid communications products on
FPGAs and SoCs due to their flexibility, but continue to use them due to their
performance and cost effectiveness, particularly when current trends support a
migration from 10/100 Ethernet to Gigabit Ethernet (GbE).

Figure 5. PRP Network
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Figure 6. HSR Network
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Both networks provide redundant Ethernet and zero recovery time from a fault
condition, thereby supporting the requirements listed in Table 1 on page 6. PRP nodes
connect to two completely independent parallel networks. Each node sends two
copies of the same packet while receiving nodes accept the first packet and discard the
second. HSR nodes have two identical interfaces arranged in a ring. Source nodes
send packets over both ports. Each node relays unreceived frames from port A to
port B and vice versa. The source node removes frames it receives that it injected into
the ring.

Security: IEC 62351

IEC 62351, Power Systems Management and Associated Information Exchange,
addresses cyber security for substations that implement IEC 61850. Aside from
substation automation (addressed by IEC 61850), improved cyber security is one of
the most important smart grid efforts. Measures to detect and defeat attempts to
monitor and/or attack grid communication and operation are a critical consideration
for smart grid installations. While cyber security receives the attention it deserves
from standards bodies and manufacturers, efforts are ongoing to improve IEC 62351.
For example, engineers from ABB note, “In the authors’ view IEC 62351 is overall a
good starting point and will be the future standard to help secure IEC 61850
communication. However, there are some shortcomings of the current standard and
some challenges that need to be addressed before IEC 62351 can be implemented and
gain wide acceptance.”

The authors elaborate further, “The acceptance of IEC 62351 will largely depend on its
impact on interoperability, performance, and manageability.” Fortunately, smart grid
equipment that employs FPGA and SoC implementations mitigates hardware
deployment issues in an environment of evolving standards.
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“ ™. e For further information, refer to Cyber Security—Practical Considerations for

Implementing IEC 62351.

Synchronization: IEEE 1588-2008

IEEE 1588-2008, Standard for a Precision Clock Synchronization Protocol for
Networked Measurement and Control Systems, is a well-established standard to
support the synchronization of systems over a local area network (LAN) or wide area
network (WAN). Wireless systems use the IEEE 1588-2008 precision time protocol
(PTP) to synchronize local oscillators so that handoffs between basestations occur
without dropped calls. The standard has been in use for years to synchronize
industrial production line equipment. Synchronization is critical to monitor, control,
and operate the grid optimally and reliably. Grid equipment uses IEEE 1588-2008 to
insure that instruments take snapshots of grid parameters at exactly the same time
and that the phase relationships between current and voltage are preserved. The PTP
facilitates clock synchronization using a master-slave protocol over Ethernet.

IEEE 1588-2008 transfers the attributes of the master clock over time to the slave clock
by following a specific protocol, as shown in Figure 7.

Figure 7. IEEE 1588-2008 PTP
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Smart-Grid Applications for FPGAs and SoCs

With the advent of the Intelligent Electrical Device (IED), coupled with the need to
make the smart grid “smart,” power-grid equipment includes a combination of signal
processing, communications management, dedicated hardware blocks, and other
peripherals. Legacy systems incorporate a digital signal processor, a central processor
unit (CPU), and a FPGA. As the capabilities and levels of integration of today’s
FPGAs have increased, several smart grid applications have incorporated an FPGA to
implement all of these blocks, affording superior reliability, maintainability, and cost.
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Power Generation: Renewable Energy

Figure 8 illustrates a typical grid-tied PV array inverter that delivers three-phase
power. Major blocks include the power stages, line filtering /conditioning,
instrumentation (sensors and analog signal path), control, and a microprocessor. PV
inverters convert high-voltage direct current (DC) from the panels to alternating
current (AC) that is compliant with grid codes. Grid codes address issues like
waveform quality (i.e., harmonic content, phase synchronization) and safety (e.g.,
how to handle grid outages). The inverter must operate efficiently to minimize panel
size and reduce cost. (Panel costs have reduced dramatically over the past few years;
therefore, the inverter presents a significant portion of the solution cost today.) These
efficiencies are largely determined by how well the inverter implements algorithms
supporting maximum power point tracking (MPPT). MPPT alters the operating point
of the array based on external factors like ambient temperature and panel irradiation
level.

Figure 8. PV Inverter Architecture
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Inverters must ensure that output waveforms meet stringent harmonic content
requirements. Factors influencing waveform spectral purity include the topology of
the DC/AC converter and line filtering. Line filter inductors are often some of the
largest and most expensive components in the inverter. Today’s inverters often
employ multilevel insulated-gate bipolar transistors (IGBTs) to reduce harmonic
content. To reduce line filter requirements, inverters operate the power stage at much
higher switching frequencies, reducing efficiency somewhat while reducing line filter
requirements significantly.
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T&D: Substation Automation

Figure 9 shows a few of the elements comprising a substation, including controllers,
human machine interfaces (HMIs), specialized switches, IEDs, communications
networks and the switches that accompany them, and switchyard equipment such as
relays, merging units (MUs), and bay units. IEDs implement functions like protection
(relays, switches, and re-closers) and monitoring (e.g., power meters). [EDs are
housed in bay units and are connected to controllers, HMIs (usually industrial grade
computers), and a communications gateway to the control center and other
substations. The optional process bus connects the bays to equipment installed in the
switchyard. If the implementation omits the process bus, then hard wiring connects
switchyard equipment and bay equipment. Substation architectures incorporate
redundant equipment for all critical functions to help insure reliability. Other design
considerations include cyber security and synchronization.

Figure 9. Substation Architecture
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Figure 10 illustrates the complexity of a modern digitally controlled transmission
relay. The relay samples and processes voltage/current waveforms present on the line
or bus bar, and makes decisions based on programmed fault profiles. Relays protect,
reclose, monitor, and control transmission lines and bus bars. Cyclone V SoCs offer an
ideal solution for substation IEDs as they provide high reliability due to integration as
well as flexibility. As PRP and HSR networks become more commonplace, Cyclone V
SoCs eliminate the need for PRP/HSR bridges/Redboxes as PRP/HSR (up to GbE)
are easily integrated. Relays also perform self-diagnostic checks and communicate
with substation controllers, HMIs, and other substation elements via supervisory
control and data acquisition (SCADA), PRP/HSR, or legacy field buses.

Figure 10. Digital Relay Architecture
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Figure 11 shows a typical substation controller. Hardware includes a processor,
communication ports (including one or more PRP/HSR ports), mechanisms for
synchronization (either IEEE 1588-2008 or a timing card that accepts a 1 pps signal),
and a backplane that accepts analog and digital cards. Software includes a real-time
operating system, native code that executes IEC 61131-3 (Programming
Programmable Logic Controllers)- based programs running application code that
automates the substation.
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Figure 11. Substation Controller
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T&D: Grid Communications

Figure 12 shows a 4-port Ethernet switch with support for HSR, PRP, and

IEEE 1588-2008 offered by Flexibilis; one of Altera’s smart grid design partners. The
design is a 4-port switch that is expandable to 8 ports. It supports 10/100/1000
Ethernet, IEC 62439-3-compliant implementations of PRP/HSR, support for

IEEE 1588-2008, and requires no external memory. Other substation automation
equipment (e.g., a transmission relay, etc.) can integrate this implementation with

other functions on an Cyclone V SoC.

Figure 12. PRP/HSR Switch Architecture
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T&D: Instrumentation

Figure 13 and Figure 14 show typical architectures for a phasor measurement unit
(PMU) and a power meter. T&D operators deploy PMUs throughout the T&D
network to record current/voltage waveforms and other grid performance
parameters. GPS receivers insure synchronization of all PMUs across the T&D
network so that the phase relationships of the signals captured are preserved. PMUs
communicate with substations and control centers wirelessly or using power-line
carrier-based links. While power meters capture similar data, they are typically
located within the substation rather than scattered around the network of T&D
transmission lines. For this reason, power meters use PRP/HSR Ethernet for
communication and rely on synchronization via IEEE 1588. Power meters may
provide a sophisticated graphical user interface (GUI).

Figure 13. PMU Architecture
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Figure 14. Power Meter Architecture
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Design Criteria for Grid Electronics

Designers face tough challenges when dealing with substation equipment
requirements. The equipment must support long life cycles (Figure 15) that place
demands on reliability, upgradability, and interchangeability (Table 2). Reliable design
practice dictates that systems operate with appropriate operational margins taken into
account and higher levels of integration employed to reduce mean time between
failure (MTBF) rates and improve failure in time (FIT) rates. While products
developed for substation applications are thoroughly tested, upgrades are still likely
due to long product service life coupled with standards that continue to evolve. IEC
61850 compatibility helps remedy issues with interchangeability.

Figure 15. Substation Equipment Service Life

Equipment Service Life
(Years)
Operator Terminals 6-10
Communications 10-20
Secondary Equipment, IEDs 15-25
Switchgear/Transformers 30-40
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Design Criteria for Grid Electronics

Table 2. Smart-Grid Equipment Design Criteria

Design

standards and long service life.

Product Life Cycle

Refer to Figure 15

Criteria Method Principle Altera FPGA and SoC Solutions
Cyclone V SoCs present the highest level of
Intearation Reduced component count yields | integration for substation equipment (refer to
g higher MTBF and lower FIT rates | Figure 8, Figure 10, Figure 11, Figure 12, Figure 13,
and Figure 14)
Reliability In addition to an IEC 62439-3-compliant reference
IEC 61850 requires that a design, Altera offers solutions certified to SIL3
Redundancy substation continue operation in | requirements by TUV Gmbh for functional safety.
event of single point of failure. Furthermore, Cyclone V SoCs offer superior ECC
coverage.
Equipment is likely to require )
o Upgradability upgrading due to evolving FPGAs enablg upgrades beyond S|mplle.s.,oftware
Service Life updates. Designers also have the flexibility to

upgrade hardware as requirements change.

Maintenance

Interchangeability

IEC 61850

Full [EC 61850 implementation possible within

[EC 61850).

Diagnostics Self diagnostics Cyclone V SoCs.

Thermal | Component Equipment housed in sealed Cyclone V SoCs use <1.8 W @ 4,000 DMIPS,
Power enclosures with limited or no ; . )

Management . ) . higher levels of integration save power and area.
Consumption cooling available.

Reduced latency crucial to replace | Cyclone V SoCs offer single or dual ARM Cortex-A9
Response hardwired implementation with 800 MHz processor cores. Customized hardware
) Performance I : . .
Time distributed system (e.g., acceleration (e.g., signal processing, Ethernet

assist, etc.)
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Altera FPGAs and SoCs in Smart-Grid Applications

Figure 16 highlights some of the features of Cyclone V SoCs that are particularly well

suited for smart grid applications. The device features one or two ARM® Cortex™-A9

processor cores at 800 MHz, and other hardwired peripherals including embedded
flash, RAM, caches, GPIO, and communications ports commonly implemented in
smart grid systems. The FPGA fabric affords opportunities for integration,

performance acceleration, and upgradeability.

Figure 16. Significant Smart-Grid Features and Characteristics of Cyclone V SoCs
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Reliability

Altera’s FPGAs and SoCs possess several qualities that help enhance smart grid
equipment reliability. High levels of integration reduce the number of components
required, thereby enhancing MBTF/FIT rate performance. Cyclone V SoCs provide
improved error correction code (ECC) memory coverage compared to competitive
solutions. Often, high-reliability configurations use multiple processors to insure
reliable operation. Some configurations implement a small RISC core within the
FPGA fabric; while others simply lock down the level-1 cache of one of the two ARM
Cortex-A9 processor cores and employ the dedicated core for diagnostic (watchdog)
purposes.

Performance

Cyclone V SoCs include dual ARM Cortex-A9 cores that deliver up to 4,000 MIPS. A
NEON coprocessor with double-precision floating point accompanies each core. Each
processor includes 32 kB of L1 coherent cache and both cores share 512 dB of L2 cache.
While the ARM cores afford good performance for all but the most computing-
intensive applications, applications that require real-time computational capability
often implement hardware acceleration in the FPGA fabric.

Cyclone V SoCs implement tight coupling between the cores, the peripherals, and the
FPGA fabric. The FPGA /processor system interface supports data transfer rates of
>100 Gbps. Unlike competitive offerings, Cyclone V SoCs provide two hardwired
memory controllers with ECC.

Smart grid equipment manufacturers require a spectrum of performance levels across
product offerings. Altera offers solutions with 0, 1, or 2 hardwired CPU cores.
Features common to all products (e.g., PRP/HSR) can share the same implementation
across FPGA and SoC families, thus enabling reuse and cost/performance
optimization.

Time to Market
Altera helps support customer’s time to market requirements by:
m Offering industry-standard CPU cores.
m Providing state-of-the-art development tools including DSP Builder.

m Addressing customer IP needs by developing off-the-shelf IP either internally or
through third parties (e.g., PRP/HSR, solar inverter reference design, industrial
Ethernet solutions, etc.).

m Delivering the flexibility of an FPGA implementation, thereby enabling engineers
to develop an optimal solution without having to overcome shortcomings of
hardware-only implementations.
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Maintainahility and Longevity

Cost

Conclusion

Providing solutions for products that have long product life cycles goes beyond
reliability and a commitment to provide the solution for the life of the product. The
ability to reconfigure and upgrade products (in either manufacturing, production, or
development) is critical, particularly when certain important standards evolve over
time (e.g., IEC 62351). FPGAs help mitigate this problem by providing scalability and
reconfigurability to implement product updates that go beyond a simple software
change.

Altera solutions provide designers with scalable solutions. Product SKUs that span
performance and functionality share software and firmware implementations,
thereby speeding development time and improving overall reliability. Through high
levels of integration and a complete portfolio, Altera FPGAs and SoCs provide cost
advantages over many implementations that otherwise incorporate several
components including FPGAs, processors, ASICs, and digital signal processors.

Smart grid products require their designers to keep abreast of the latest standards and
make provisions for inevitable upgrades and updates. As discussed in the paper,
Altera’s Cyclone V FPGA and Cyclone V SoC families provide engineers with
technology (silicon, development tools, and IP) that provide superior reliability,
performance, time to market, maintainability, and cost.

New technology often affords consumers, businesses, and our planet with new
opportunities to live in comfort, to prosper, and to help preserve the beauty of our
surroundings. Smart grid engineers are on the forefront of meaningful effort to
improve our way of life.

Further Information

m  Greentech Media, 2012 North American Utility Survey:
images.msgapp.com/Extranet/95679 /ResouceCenter/ GTM_MSGS_Results.pdf

m International Electrotechnical Commission (IEC), Europe:
www.iec.ch

B American National Standards Institute (ANSI), United States:
www.ansi.org

m  Cyber Security—DPractical Considerations for Implementing IEC 62351, Hohlbaum,
Braendle, Alvarex, ABB:
www(05.abb.com/global/scot/scot387.nsf/veritydisplay/b3427a5374a35468c1257
a93002d8df5/$file/ IMRG006973_en_Cyber_Security_-
_Practical_considerations_for_implementing IEC_62351.pdf

Overcoming Smart Grid Equipment Design Challenges with FPGAs February 2013  Altera Corporation


http://images.msgapp.com/Extranet/95679/ResouceCenter/GTM_MSGS_Results.pdf
http://www.iec.ch
http://www.ansi.org
http://www.ansi.org
http://www05.abb.com/global/scot/scot387.nsf/veritydisplay/b3427a5374a35468c1257a93002d8df5/$file/1MRG006973_en_Cyber_Security_-_Practical_considerations_for_implementing_IEC_62351.pdf
http://www05.abb.com/global/scot/scot387.nsf/veritydisplay/b3427a5374a35468c1257a93002d8df5/$file/1MRG006973_en_Cyber_Security_-_Practical_considerations_for_implementing_IEC_62351.pdf

Page 20 Acknowledgements

m ABB Review Special Report: IEC 61850
search.abb.com/library /Download.aspx?DocumentID=9AKK105152A5158&Lang
uageCode=en&DocumentPartld=&Action=Launch

m IEC 61439-3 PRP/HSR Communications Solutions:
www.flexibilis.com

Acknowledgements

m John Johnson, Market Development Manager, Industrial Business Unit, Altera
Corporation

Document Revision History

Table 3 shows the revision history for this document.

Table 3. Document Revision History

Date Version Changes

February 2013 1.0 Initial release.

February 2013  Altera Corporation Overcoming Smart Grid Equipment Design Challenges with FPGAs


http://search.abb.com/library/Download.aspx?DocumentID=9AKK105152A5158&LanguageCode=en&DocumentPartId=&Action=Launch
http://search.abb.com/library/Download.aspx?DocumentID=9AKK105152A5158&LanguageCode=en&DocumentPartId=&Action=Launch
http://www.flexibilis.com

	Overcoming Smart Grid Equipment Design Challenges with FPGAs
	Introduction
	Overview of the Smart Grid
	Power Generation
	T&D
	AMI
	Micro-Grids and Local Power Generation

	Core Smart-Grid Standards
	Communications: IEC 61850
	Communications: IEC 62439
	Security: IEC 62351
	Synchronization: IEEE 1588-2008

	Smart-Grid Applications for FPGAs and SoCs
	Power Generation: Renewable Energy
	T&D: Substation Automation
	T&D: Grid Communications
	T&D: Instrumentation

	Design Criteria for Grid Electronics
	Altera FPGAs and SoCs in Smart-Grid Applications
	Reliability
	Performance
	Time to Market
	Maintainability and Longevity
	Cost

	Conclusion
	Further Information
	Acknowledgements
	Document Revision History


