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Historically, the United States has been recognized as 
the world’s greatest innovator and leading manufacturing 
economy. Driven by science and technology challenges 
important to the nation and the world, the United States 
has been responsible for many of the innovations that 
have had a strong impact on our lives and economy. 
America’s strong industrial base and skilled workforce 
enabled many of these innovations to be 
commercialized, generating prosperity for America’s 
middle class and laying an economic foundation that 
continues to drive the U.S. and global economies.

Council on Competitiveness, Ignite 2.0: Voices of American University Presidents and 
National Lab Directors on Manufacturing Competitiveness, June 2011



The Need for Thinking About Sustainability

Kirchoff's Current Law (KCL): 
At every node, the sum of all currents entering a node 

must equal zero. 
Kirchoff's Voltage Law (KVL): 
The voltage law says that the sum of voltages around 

every closed loop in the circuit must equal zero. 
Exercise : 
Please apply Kirchoff's Current and Voltage laws to 

the following: 



CRT
Landlines
PMUs

Innovation



Product Life Cycle Management

Defense Acquisition Guidebook, https://acc.dau.mil

Sustainment



GPS (www.gps.gov/applications)

 The free, open, and 
dependable nature of GPS has 
led to the development of 
hundreds of applications 
affecting every aspect of 
modern life. GPS technology is 
now in everything from cell 
phones and wristwatches to 
bulldozers, shipping 
containers, and ATM's. 

 New uses of GPS are invented 
every day and are limited only 
by the human imagination. 



Selective Availability

Selective availability refers to the Department of 
Defense’s ability to intentionally degrade the accuracy of 
civilian GPS receivers for purposes of national security.

Up till May 1, 2000, selective availability was set on and 
the locational accuracy was degraded to 100 meters.

Shortly after midnight on May 1, 2000, “selective 
availability” (SA) ended through an executive order by 
President Clinton. 



Timing Application

Power companies and utilities have fundamental 
requirements for time and frequency to enable efficient 
power transmission and distribution. Repeated power 
blackouts have demonstrated to power companies the 
need for improved time synchronization throughout the 
power grid. Analyses of these blackouts have led many 
companies to place GPS-based time synchronization 
devices in power plants and substations. By analyzing 
the precise timing of an electrical anomaly as it 
propagates through a grid, engineers can trace back the 
exact location of a power line break. 

http://www.gps.gov/applications/timing/



Phasor Measurement Units

Time synchronized
30 samples/sec vs. 0.2 samples/sec 
Voltage, current, phase angle, frequency
Wide area perspective of power system
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Challenges for PMU Sustainability

Big data
30 samples per second => 

2 million daily samples per 
monitored parameter
computationally expensive
cannot accommodate in 

available memory
hampers latency 

Down sampling may degrade 
the quality of decision

 Long term storage
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The Undiscovered Country

Hamlet dreaded the 
undiscovered country
that faces us all after 
death.  
Hamlet Act III, Scene 1

To be, or not to be--
that is the question:

But that the dread of something after death,
The undiscovered country, from whose bourn
No traveller returns, puzzles the will,
And makes us rather bear those ills we have
Than fly to others that we know not of?

• Chancellor Gorkon of the Klingon 
High Council saw the 
undiscovered country as a future 
where peace between the Klingon 
Empire and the United Federation 
of Planets reigned.
– Star Trek VI: The 

Undiscovered Country 

To be, or not to be--
that is the question:



Exploring Our Undiscovered Country

 For those studying electrical energy systems and seeking 
solutions for the efficient and reliable use of energy, we 
too have an undiscovered country.  

Within our undiscovered country, hidden in the data 
streams and data archives of utilities, may lie important 
new knowledge about the grid.  

Hamlet and Gorkon voiced the fear we have in traveling 
into unknown lands, but from them we can learn that the 
reward that lies beyond may greatly surpass our present 
state.  

 Therefore, to ensure sustainability, a need exists to 
develop the theory and applications for exploring our 
undiscovered country in order to understand where the 
information content lies in the data and how best to 
present that to decision-makers.



How large is our undiscovered country?

 Every day, we create 2.5 quintillion (1018) bytes 
of data — so much that 90% of the data in the 
world today has been created in the last two years 
alone. 

This data comes from everywhere: sensors used 
to gather grid information, posts to social media 
sites, digital pictures and videos, purchase 
transaction records, and cell phone GPS signals 
to name a few. 

http://www-01.ibm.com/software/data/bigdata/



Market Pull versus Technology Push

 Technology push
GPS by DoD

 Market pull after selective availability turned off
Navigation systems (aviation, marine, rail, automotive), 

surveying, recreation
 Sustainable 

 Technology push
PMUs 

 Market pull
Situational awareness

 Sustainable  ???  



Curse of dimensionality
It isn’t easy

64 points of information in 1-D, 2-D, and 3-D space



Market Pull Strategies

How do we incentivize innovation?
Publicly funded R&D
Corporate funded R&D

A key to driving innovation is the collaboration of 
research, manufacturing, and the end user.

Collaboration enables continuous product and 
process improvement through the symbiotic 
relationship which exists between the 
manufacturing and innovation processes.



Need to discover sustainability through 
innovations that are:

Reducing maintenance costs
Reducing catastrophic failures and collateral 

damage
Deferring replacement (extend life of T&D 

equipment)
Increasing equipment utilization
Achieving reliability/availability goals
Safety and environmental concerns

New uses of PMUs are invented 
every day and are limited only 

by the human imagination. 



Is it sustainable?

 January 29, 2013  21:06 UTC
US – 315,238,959
World – 7,062,845,949

March 26, 2013  04:30 UTC
US – 315,556,976
World – 7,074,615,836

 Increase in world population?

+ 11,769,887
Population of California 
est. 2012 – 38,041,430 



Thank you & any questions?


