SOLUTION BLUEPRINT
SMART GRID

Energy Industry

Smart Grid Data Management Solution
Enables Utility Companies to Improve
Overall System Operation
Reduce the cost and complexity of phasor measurement unit
(PMU) technology while increasing scalability and lowering risk.

EXECUTIVE SUMMARY
Today’s energy transmission and distribution (T&D) systems are more complex than ever
before. In response, electric utility companies are on the lookout for innovative smart
grid technologies that make it easier to monitor and manage the health of their T&D
systems, and improve customer service by minimizing and potentially avoiding outages.
One emerging and important device is the phasor measurement unit (PMU) used to
assess transmission line conditions and enable utilities to load lines closer to their limits.
However, many PMUs and associated data management solutions are still evolving and
can be rather expensive, non-standard or non-real time. Addressing these issues, Dell*,
Intel, National Instruments* and OSIsoft* worked together to develop an end-to-end
synchrophasor data management solution that combines high-performance computing,
networking and storage to provide real-time, actionable data. In addition to helping
utilities improve efficiency, this cost-effective, scalable solution is based on an open,
nonproprietary architecture designed to increase compatibility and speed up integration
with legacy systems.
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WHO WILL BENEFIT FROM THIS SOLUTION

Consumers get a higher level of service, with respect to fewer

Utility engineers, energy managers, system integrators, IT

power disruptions and outages.

managers and technical staff represent the prime focus of this
document. A smart grid automation program requires participation
from well-defined groups, including operations, maintenance,
engineering, administration and training. To be successful, the

Utilities can increase power transmission efficiency, get early alerts
of power line issues and better address uncertainties in supply (e.g.,
renewable energy sources) and demand (e.g., electric vehicles).

program requires dedication and cooperation at all levels with

Systems integrators can more easily deploy synchrophasor

everyone involved understanding the basic principles and

technology using a solution based on open standards and Intel®

supporting the efforts to acquire technically sound data. This end-

processor–based systems designed for connectivity, manageability

to-end synchrophasor data management solution provides a

and security. While advanced monitoring technology is a critical

basis for the technology and approaches that utilities and system

component, it is also equally important to derive insights that

integrators can take to achieve the desired consumer engagement.

enable organizations to build successful strategies and initiatives.

Wide area information from distributed PMUs will enable utilities
and system integrators to more effectively assess dynamic performance of their independently operated system areas, thereby
improving the reliable delivery of electricity to consumers:

Advanced analysis tools, such as the synchrophasor smart grid data
management solution, can help system integrators identify trends
and build predictive models to assist utilities in delivering the
products and services envisioned for the future.
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ADOPTING SMART GRID TECHNOLOGIES

•

estimates the investment needed to implement a fully functional

Instability detection: By enabling high speed measurement
of grid properties with synchrophasor technology, utilities
have the ability to identify unsafe states and make appropriate
adjustments to prevent serious scenarios, like rolling

smart grid ranges from $338 billion (USD) to $476 billion and can

blackouts.

According to the Electric Power Research Institute (EPRI), the
benefits from modernizing the U.S. electricity system and building
a smart grid significantly outweigh the costs. The institute

result in benefits between $1.3 trillion and $2 trillion or more than a
1

four times payout.

•

Customer engagement: Increasingly, utilities are developing
tools, such as smart grid portals, to educate and motivate

Synchrophasor technology plays a critical role in developing a

consumers to manage their energy consumption. Without

smart grid because it provides utilities greater insight into the

customer engagement, utilities risk customer backlash

state of T&D systems. For instance, PMUs measure the amplitude,

and potentially put investment dollars at risk. Through

frequency and angle difference of voltages and currents on

technology, utilities will gain a better understanding of

power lines, add timestamps, and send the data to a phasor data

customer needs and intent. Essentially, utilities will be able to

concentrator (PDC) or control center for further processing. These

extend this grid data to business intelligence that can be used

synchronized phasor measurements – up to 120 samples per

to tailor future products and services.

second per line – increase situational awareness across wide-area
power systems, allowing control room operators to more quickly

•

about disruptions in electric power service. Subsequently,

identify and react to issues that could trigger service disruptions.

a field crew is dispatched to diagnose the problem and

Synchrophasor technology helps utilities overcome several key

manually restore power while working in close proximity

problems in the energy industry, such as:

•

•

•

•
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Energy loss: When transporting electricity over long
distances, up to 50 percent may be lost to heat due to entropy.
These losses can be reduced by running power lines at
optimized levels, a task made easier by the precise, real-time
power data provided by synchrophasor technology.
Variable renewable energy sources: The capacity of the
energy grid will become less predictable as more intermittent
power sources, such as wind and solar, come online. In
addition, today’s distribution grid was not designed to handle
the variability nor the distributed nature of renewable energy
sources, thus increasing the chance of reverse power flows,
equipment fatigue and possibly failure. With synchrophasor
technology, utility operators can better assess the power
situation on the grid and take measures to control the flow of
power in the safest and most effective way.
Electric vehicles: Consumers driving electric vehicles often
double their household usage, which is generating a massive
new load on the electrical power grid. Moreover, charging
stations are becoming more commonplace, creating a need
for distribution systems capable of handling such large and
unpredictable loads. Synchrophasor technology delivers the
accurate, real-time data needed to allow the grid to respond
to these loads in a flexible way.
Outage detection: Today, many utilities first learn about
a power outage when customers call to report it. Instead,
utilities deploying sensors and synchrophasor technology on
the grid can be alerted immediately about service disruptions.

Safety: Frequently, consumers are the first to inform utilities

of powerful electric loads. This can be avoided with
synchrophasor solutions that help utilities monitor and
anticipate changing system conditions, as well as trigger
automated corrective action, thus eliminating the need to
send support personnel into danger zones.

BUSINESS CHALLENGES
Synchrophasor technology allows grid operators to measure the
health of the grid to improve system reliability and reduce costs.
However, most deployable solutions are relatively immature, and
although rollouts are beginning, most deployments have been
limited and small-scale. Up until now, widespread adoption of this
technology has been hindered by high costs and complexity, as
well as other issues, including:

•

Network Communications: According to the U.S. Energy and
Information Administration website, PMUs can accumulate
large amounts of data; therefore, telecommunications
technology—via fiber optic, cable or satellite—plays an
important role in compiling synchrophasor data. For example,
a company forwarding data from 60 PMUs might require two
dedicated T1 lines. Developing the necessary communications
networks is currently a factor limiting many real-time
applications of synchrophasor data. PMU equipment itself is
comparatively inexpensive—often an optional function on
standard equipment—but the costs of adding the necessary
networking infrastructure are usually larger, as seen in the
data collected as part of the Department of Energy’s Smart
Grid Investment Grant (SGIG) program.
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•

High-performance: Describing the data explosion in

SOLUTION OVERVIEW

tomorrow’s power systems, Dr. Chakrabortty, Assistant
Professor at North Carolina State University, said, “As volumes
of such data become even more gigantic, the primary

system efficiency. The solution, illustrated in Figure 1, combines

robust algorithms that can help them extract important

sensors measuring voltage and current on power lines; PMUs

patterns and information in such data. Applications of

processing the incoming measurements; phasor data concentrators

these algorithms include filtering and predictive modeling

(PDCs) consolidating the data; and a data management system

for wide-area monitoring, congestion impact analyses of

producing actionable and visualizable data. Now, utilities can cost-

renewable power injection and plug-in-hybrid vehicles at
various temporal and spatial scales, and statistical methods for
accurate prediction of processing delays and communication

•

end-to-end, smart grid synchrophasor data management solution
designed to improve energy transmission and distribution (T&D)

challenge for system operators will be to deploy fast and

latencies from PMU data.”

Dell, Intel, National Instruments and OSIsoft have developed an
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effectively deploy information technology to precisely manage
T&D systems based on a steady stream of data from hundreds to
millions of endpoint measurements.

Data Management: Writing about the technical challenges in
developing the smart grid, EPRI states, “Data management is
among the most time-consuming and difficult task in many
of the functions and must be addressed in a way that can
scale to immense size. Data management refers to all aspects

Data
Acquisition

of collecting, analyzing, storing, and providing data to users
and applications, including the issues of data identification,

Data
Consolidation

validation, accuracy, updating, time-tagging, consistency

PMU

PMU

Phasor Data
Concentrator
(PDC)

across databases, etc. Data management methods which
Data
Storage

work well for small amounts of data often fail or become too
burdensome for large amounts of data—and distribution
automation and customer information generate lots of data.”

1

•

Interoperability: New applications using synchronized data

Data Analysis &
Visualization

Control Center
(Regional
or Central)

Make Decisions
Control Systems
Archive Data

Figure 1: End-to-End, Smart Grid Synchrophasor Data Management Solution

will become an important part of the overall power system
operation. Mitigating the risk of such elaborate high precision
measurement infrastructure requires appropriate testing for
interoperability and application performance at both the

The synchrophasor data management solution employs highvolume, standard computing systems used across many industries

device and system level.

in order to reduce deployment cost and complexity. For instance,

Everything already on the grid is legacy and must be

configurable system used for data acquisition in not only the power

supported for years. Existing systems and components

and electricity industry, but also in oil and gas, manufacturing,

must be encapsulated and re-engineered to be compatible

transportation and others. Likewise, the Dell servers, storage

with new standards and innovations. The most significant

hardware, networking gear and client workstations are standard

challenge of interoperability is, and will continue to be,

products used across all industries. Intel® processors are designed

interoperability with the installed legacy systems while

into the solution, from end-to-end, including the PMU, the servers
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the data acquisition device from National Instruments is a highly

addressing interfaces between new and yet to be established

delivering the high-performance computing and storage, and the

devices, systems and domains constituting the smart grid.

operator devices providing reports and visualization. The use of

5

Intel processors simplifies the integration, connectivity, security
and manageability of the solution. Additionally, the high volume
production of these devices delivers a tremendous cost advantage
to the solution.
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Data Acquisition

Data Consolidation

The end-to-end synchrophasor data management solution

A Dell 19 inch server rack runs phasor data concentrator (PDC)

determines the state of the power lines by making current

software that combines, time-aligns and streams phasor data from

and voltage measurements with a National Instruments PMU

multiple PMUs to the data management system. The servers, like

(Figure 2) based on the Intel® Core™ i7 processor. Complementary

the one shown in Figure 3, are based on the Intel® Xeon® processor

systems include power quality analyzers (PQAs), and a platform

E5 family.

designed to implement various intelligent control and protection
devices. National Instruments equipment, housed in substation
racks, pole-mounted installations or in portable ruggedized cases,
can measure power on the grid at any location.

Figure 2: NI* cRIO-9082: Intel® Core™ i7 Processor-based Controller and LX150 FPGA
with Microsoft* Windows* Operating System
Figure 3: Phasor Data Concentrator (PDC)
Based on a 19 Inch Rack of Dell* Servers
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Data Analysis and Visualization Software

The foundation for the solution brings together high-performance
computing, networking and storage to allow utilities to manage

The big data collection and management infrastructure needed to

their data and get actionable results in real time. The software runs

implement a wide area measurement system (WAMS) is provided

on servers powered by the Intel Xeon processor E5 family.

by OSIsoft, a leader in real-time data and events infrastructure for
smart grid solutions. In particular, the OSIsoft PI System* collects,

Addressing Synchrophasor Technology Challenges

analyzes and archives the vast amount of data generated by the

This end-to-end synchrophasor data management solution helps

PMUs and associated sensors, as illustrated in Figure 4. In addition,

address several issues facing electric utilities by …

the PI System can be used for advanced visualization, advanced
analytics and early warning mechanisms for situational awareness.

• Reducing PMU technology cost

Using the PI System, utilities can detect evolving disturbances and

Utilizing high-volume, standards-based systems enables the

take actions to avoid widespread blackouts.

solution to be very cost effective. Additionally, the solution

Data Storage

has been validated and tested, further reducing a utility’s
engineering and development costs and risk.

Utilities need tools for collecting, processing and storing the
wealth of data produced by PMUs. WWorking with OSIsoft, Dell

• Satisfying high-performance requirements

developed a data-management solution with three tiers of storage

OSIsoft PI System benchmark testing simulating a fleet of over

that can manage data at the right level of performance and cost

230 PMUs of the OSIsoft PI System demonstrated archiving

for each use case. At tier 0, PCIe-based solid states drives (SSDs)

data rates in excess of 500,000 events per second (EPS), while

provide very high throughput in support of visualization and realtime decision support. At tier 1, SSDs on Compellent Storage deliver
fast response for frequently run analytics; and at tier 2, Compellent
Storage incorporates traditional hard disk drives (HDDs) for costeffective archiving. It can also be expanded to meet future needs.

PUMPS

simultaneously retrieving 20,000,000 EPS for historical data
analysis. For more performance information, download the PI
Server 2012 Smart Grid High-Speed Data Management on Dell
Reference Architecture whitepaper.
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3RD PARTY HISTORIANS
RELATIONAL DATA

VALVES

MANUAL DATA
PRESSURE SENSORS

PLC/INSTRUMENT
SYSTEMS

ACTUATORS

MOTORS

SCADA/DCS

CLIENT APPS

PI INTERFACE
NODES

TRANSFORMERS
LIMS SYSTEM
CLIENT APPS

OTHER DATA
SOURCES

DATA SOURCES

PI SERVER

MANUFACTURING CONTROL NETWORK

DMZ

CLIENT APPS / CORPORATE LAN

Figure 4: OSIsoft* PI System Overview
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• Managing vast amounts of data
The OSIsoft PI System offers utility engineers and operators a
variety of ways to access and manipulate real-time data and

Satellite
GPS Receiver

events for enhanced business insight. The PI System can absorb
and analyze massive amounts of streaming data and events, and
help the end user put the information into context and act upon
it to operate the power grid in real time.

• Ensuring interoperability
This validated and thoroughly tested end-to-end integrated
solution is being brought forward by very well-known and
trusted vendors from the IT and energy sectors with the goal of

Phased-locked
Oscillator

Phasor
Processing

Communication
Network

A/D Converter with
Anti-aliasing Filters
Analog Inputs
(Power Lines)
Figure 5. Block Diagram of National Instruments* Phasor Measurement Unit (PMU)

defining an open architecture for the industry.

TECHNOLOGIES

Data Analysis and Visualization Software

Phasor measurement units (PMUs)

The OSIsoft PI System is highly secure and meets NERC CIP

A block diagram of the National Instruments PMU is shown in

requirements when properly deployed. It is widely used by

Figure 5. Analog inputs coming from current and voltage sensors
connected to power lines are acquired (up to 833 samples/cycle),
filtered, converted to digital format and time-stamped using GPS
(Global Positioning System) satellite receiver-clocks. The data is

power and utility companies, which facilitate the integration and
correlation of PMU data with traditional operational electricity
grid information. The system also complies with C37.118, the IEEE
standard for the measurement of synchronized phasors of power

then sent via a modem to the PDC.

system currents and voltages.

National Instruments smart grid devices are fully programmable

Recent advances in the PI Server enhance performance and

from port to pin using common languages such as LabVIEW,
C and other text based mathematical software packages.
The programmability enables systems to be upgraded in the
field as standards, such as PMU C37.118, evolve or when new
communication protocols, like IEC 61850, are desired. C37.118 is the
IEEE standard for the measurement of synchronized phasors of
power system currents and voltages, and IEC 61850 is a standard
for communication in substations. The PMU’s modular architecture
and over 100 I/O module options allow smart grid equipment

scalability to meet the computational and data requirements
of a smart grid. For example, the PI System performs real-time
calculations, such as phase angle difference and fast Fourier
transforms (FFT), which enable utilities to detect evolving
disturbances and take timely action to avoid widespread blackouts.
The functionality of the OSIsoft PI System is broken down into
several main functions, as illustrated in Figure 6:
Collect: Interface to PMUs to acquire data.

developers to easily customize the hardware, and interface to

The first challenge in establishing a real-time data infrastructure

sensors and switches from a variety of vendors.

is to collect the data. With over 400 different PI Interfaces, the
PI System can collect and integrate data from a wide variety of
disparate sources.

Figure 6. Major Functions of the OSIsoft* PI System
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Historize: Gather, archive, and serve a large volume of data.
The PI Server collects and handles real-time data at sub-second
speeds by leveraging the latest 64-bit technology, Intel® multicore processors and Microsoft* Windows* Server operating
systems.
Find: Organize and quickly locate data to optimize business
decisions.
The PI System provides different ways for users to find the
information they need. Users can search for data based on
specific PI tag attributes, events or notifications; based on

Data Storage and Processing
Based on customer requirements and the age of the data, Dell’s
solution provides three tiers of storage, enabling customers to
optimize performance at a low cost. However, the benefits of
these high-speed measurements (up to hundreds of thousands
of measurements per second) are only realized when actionable
information from the streaming data can be efficiently retained
for later analysis. Dell’s Smart Grid Data Management Solution,
in conjunction with the OSIsoft PI System, provides an efficient,
scalable platform for this analysis.

context using PI specific functions and products; or accessed via

The solution’s reference architecture features Dell PowerEdge

standard protocols, including Object Linking and Embedding,

12th-generation servers with PCI Express* Flash drives and provides

Database (OLEDB).

data in near-real time to grid operators, enabling them to quickly

Analyze: Convert real-time data and events into actionable
information.
PI Analytics consist of several products to analyze data
and generate key performance indicators and actionable
information. Utility operators can apply alarms, summarization,
statistical quality control and equation based calculations using
configuration with little or no development experience.
Deliver: Bring systems and people together by delivering the right
information to the right people at the right time.
OSIsoft’s PI Data Access 2012 and PI Notifications 2012 together
provide a wealth of functionality to keep employees and systems
connected by delivering data when, where and how it is needed.

identify and assess the health of the distribution grid. Dell Force10
high-performance 10/40GbE network switches provide lowlatency, high-bandwidth throughput to handle the data demands
of the entire system. The Dell Compellent’s automated tiered
storage makes relevant data readily accessible while providing the
flexibility and scalability to store historical grid data for compliance
purposes. The storage has 15,000 RPM SAS drives for 30-60 days
worth of data, and 7200 RPM drives for archiving about seven or
more years of data.
Dell Smart Grid Data Management (SGDM) uses next generation
computing and storage architecture, paired with industryleading software, to allow utility companies to “right size” their IT
performance to meet their needs. This high-performance server

Visualize: Gain a comprehensive view of operational information

integrates flash storage to store and analyze real-time transmission

with intuitive visuals. 				

data, and workstations to process recently acquired transmission

The PI System presents meaningful data to users along with the

line data.

tools they need to make decisions.

SIMPLIFYING SMART GRID DEVELOPMENT
The energy industry is in the midst of a dramatic information

the specification, and consequently, the solution is significantly

revolution that is laying the groundwork for a flexible and

easier and faster to integrate.

efficient smart grid. Intel is addressing this transformation with

The Intel Intelligent Systems Framework helps simplify the

the Intel® Intelligent Systems Framework, a set of interoperable

deployment of intelligent systems and enables equipment

solutions designed to facilitate connecting, managing and

manufacturers to shift their investments from achieving

securing all types of devices in a consistent and scalable

interoperability to unlocking the value of data. The framework

manner. In the power and energy industry, this specification

features fundamental capabilities, delivered by components

can be used by developers designing a wide range of

that address connectivity, manageability and security,

equipment, including PMUs, embedded computers, servers

including software and middleware from Wind River*

and HMI, among many others. The National Instruments* PMU

and McAfee*. More information on the Intel® Intelligent

and the Dell* PDC used by the end-to-end synchrophasor data

Systems Framework can be found at www.intel.com/

management solution implement design suggestions found in

intelligentsystemsframework.
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Solution Components
The key solution components of the end-to-end synchrophasor
data management solution are listed in Table 1.

Equipment

PMU

Components

Key Ingredients

3 x National Instruments* cRIO 9082

•
•
•
•
•

4 x Dell* Power Edge* R720 Servers
(risers up to 6 servers)

• Intel® Xeon® Processor E5-2690 (2 per server)
• 192GB RDIMMs, 1333 MHz, low voltage, dual rank per server
• PERC H700 integrated RAID controller, 512MB non-volatile cache
per server
• 2 x 300GB 15K RPM SAS SCSI 6Gbps 2.5”
• 4 x 350GB hot-pluggable, front-access PCIe* Flash drives on 2 PI
Server* 2012 servers
• x8 PCIe* slots + 1, and x16 PCIe slot
• OSIsoft* PI Interface for IEEE C37.118

Network Interface Card

• Intel® Ethernet Converged Network Adapter X520-DA2Intel®
X520 DP 10Gb DA/SFP+ Server Adapter from Dell* (1 per server)
• Broadcom* 5720 QP 1Gb network daughter card (1 per server)

Fibre Channel Host Bus Adapter

• 2 x Qlogic* 2562 Dual Channel 8Gb optical fibre channel HBA
PCIe, low profile (1 per server)

Dell Precision* T5500 Workstation

•
•
•
•

Intel® Xeon® Processor X5690 (2 per workstation)
48GB DDR3 ECC SDRAM memory, 1333MHz
2 x 300GB SATA, 10K RPM hard drives
OSIsoft PI Server 2012

Dell Compellent* Storage Array (20TB

•
•
•
•
•
•
•

Series 40 storage controller (SC40)
3 x serial attached SCSI (SAS) 6Gbps enclosures
24 x 200GB ESSD 2.5” drives
24 x 300GB SAS 15K RPM 2.5” drives
12 x 2TB SAS 7.2K RPM 3.5” drives
SAS 6Gbps back end
Fibre channel 8Gb optical front end

Ethernet Switches

• Dell PowerConnect* 6240 1GbE witch
• Dell Force10* S4810 High-Performance 10/40 GbE Switch

Fibre Channel Switch

• 2 x Brocade* 5100 fibre channel SAN Switches

PDC

Control Center

Table 1. Solution Components
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Intel® Core™ i7-660UE Processor
NI* CompactRIO FPGA-based platform
NI C Series Modules for voltage, current and GPS
NI LabVIEW system design software
NI Electrical Power Suite Toolkit

SUMMARY
Energy transmission and distribution systems are constantly
evolving, which presents a big challenge for utilities who are
responsible for reliable power delivery. Dell, Intel, National
Instruments and OSIsoft have come together to provide the tools
and infrastructure solutions utilities need to precisely manage their
T&D systems. This integrated solution combines the expertise of
well-known and trusted vendors from the IT and energy sectors.
The solution is based on an open, nonproprietary architecture that
increases compatibility, integration speed, interoperability with
legacy systems and maintainability. Since it uses high-volume,
standards-based systems, it is also cost-effective. The solution
components have been validated and tested, further reducing
utilities’ engineering and development costs and risk. Furthermore,
utilities can start small and grow at the pace that meets their needs
because the solution scales to any-sized PMU deployment.

LEARN MORE
Dell: http://www.dell.com/smartgrid
Intel: http://intel.com/go/energytech
National Instruments: http://www.ni.com/power
OSIsoft: http://www.osisoft.com/value/industry/PowerUtilities
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