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ABSTRACT 
Power delivery systems face several new challenges, 
including the sheer complexity that results from the 
introduction of new devices such as smart meters, electric 
and hybrid vehicles, photovoltaic arrays, and wind 
turbines. These challenges must be met while at the same 
time preserving the reliability and availability of the 
existing system. The grid is a ship that must be rebuilt at 
sea.  
Performance based asset management will be a powerful 
tool that electric utilities can use in coordination with the 
fundamental technologies of the Smart Grid: integrated 
communications, sensing and measurement, advanced 
control methods, and improved interfaces with decision 
support.    
While power delivery asset management concepts have 
been around for well over ten years, decision makers have 
had to settle for systems based on incomplete information 
and inadequate data collection systems. With the advent of 
the smart grid and its extensive communications 
infrastructure and computational capability, the asset 
manager will be able to determine the health and 
performance of specific assets as a function of system 
conditions. This opens up a new realm of possibility for 
optimizing asset management. 

INTRODUCTION 
Electric power delivery is under pressure from several 
business and technical directions.  In the United States, 
recent legislation is becoming a driving force for the 
industry.  The Energy Independence and Security Act 
(EISA) of 2007 and also The American Recovery and 
Reinvestment Act (ARRA) of 2009 have mobilized 
significant efforts to modernize the grid.  One key aspect 
of the ARRA is the funding of Smart Grid Demonstration 
Projects.  These projects will significantly enable new 
learning about the smart grid functionality and its ultimate 
benefits.  The projects are demonstrating the buildout of 
communication and information infrastructures that will 
enable integration of widespread distributed resources.  
The challenges of this integration must be met while 
preserving the reliability and availability of the existing 
system that has been in operation for several decades. 
Electric transmission systems form a critical power 
transport backbone that is seeing increasing demands for 
integration of new and more diverse power generation 
from a variety of sources, including variable sources like 
wind generation.  Furthermore, several new operating 
strategies are envisioned including operating closer to 
performance limits, and engaging customers in the 

provision of ancillary services.  All of these new operating 
paradigms will require the careful application of 
communications, networks, and embedded computing in 
what can be broadly described as “distributed computing”. 
  
Electric distribution systems also play a key role in the 
integration of widely distributed resources while being the 
most important system enabling reliability of supply.  The 
reliability requirements of customers has continued to 
increase, especially as we get more mobile and depend 
more on constant connectivity to the Internet for much of 
what we do everyday.  This dependency along with new 
demands from a variety of new devices such as smart 
meters, electric and hybrid vehicles, photovoltaic arrays 
and micro wind turbines place a new level of complexity 
on our classic distribution system that is unprecedented.   
All of the above lead to an even more complex asset 
management process.  However, this complexity is 
ameliorated by the potential availability of much more 
robust information describing the status and condition of 
assets along with descriptions of events that may impact 
the assets.  This information is made possible by sensor 
technology, communication infrastructure, and 
information management systems that should be critical 
elements of smart grid development plans. 

SMART GRID BACKGROUND 
The term “Smart Grid” here refers to a modernization of 
the electricity delivery system so it monitors, protects and 
automatically optimizes the operation of its interconnected 
elements – from the central and distributed generator 
through the high-voltage transmission network and the 
distribution system, to industrial users and building 
automation systems, to energy storage installations and to 
end-use consumers and their thermostats, electric vehicles, 
appliances and other household devices. 
The Smart Grid will be characterized by a two-way flow 
of electricity and information to create an automated, 
widely distributed energy delivery network.  It 
incorporates into the grid the benefits of distributed 
computing and communications to deliver real-time 
information and enable the near-instantaneous balance of 
supply and demand at the device level.  [1] 
The definition of the smart grid builds on the work done in 
EPRI’s IntelliGrid [2] program, in the Modern Grid 
Initiative (MGI) [3], and in the GridWise Architectural 
Council (GWAC) [4].  These considerable efforts have 
developed and articulated the vision statements, 
architectural principles, barriers, benefits, technologies 
and applications, policies, and frameworks that help define 
what the Smart Grid is.  This section describes some of 
these widely accepted principle characteristics that will be 
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the basis for the 21st Century grid we are striving to 
achieve. 

The Smart Grid Conceptual Model  
The Smart Grid Conceptual Model is a set of views 
(diagrams) and descriptions that are the basis for 
discussing the characteristics, uses, behaviours, interfaces, 
requirements and standards of the Smart Grid.  This does 
not represent the final architecture of the Smart Grid; 
 

 
rather it is a tool for describing, discussing, and 
developing that architecture.  The conceptual model 
provides a context for analysis of interoperation and 
standards, both for the rest of this document, and for the 
development of the architectures of the Smart Grid.  The 
top level of the conceptual model is shown in the figure 
above. 
Investigating further the smart grid conceptual model 
shown above, one can see that the majority of the asset 
management function is contained within three areas.  
These are the Operations, Transmission and Distribution.  
In the next section we will examine more deeply the 
Operations domain and relate it to the asset management 
function.   

Operations Domain  
Actors in the Operations domain are responsible for the 
smooth operation of the power system.  Today, the 
majority of these functions are the responsibility of a 
regulated utility.  The smart grid will enable more of them 
to be outsourced to service providers; others may evolve 
over time.  No matter how the Service Provider and 
Markets domains evolve, there will still be basic functions 
needed for planning and operating the service delivery 
points of a “wires” company.  In transmission operations, 
Energy Management Systems (EMS) are used to analyze 
and operate the transmission power system reliably and 
efficiently, while in distribution operations, similar 
Distribution Management Systems (DMS) are used for 
analyzing and operating the distribution system.   
Monitoring of assets within the smart grid will be more 
cost effective because it takes advantage of a 

communications and information infrastructure that 
supports a variety of important applications besides the 
asset management functions.  Sensing and measurement 
technologies are a key enabler of the Smart Grid.  They 
are envisioned as being able to support faster and more 
accurate response to functions such as remote monitoring, 
time-of-use pricing and demand-side management.  
Precise intelligence of the parameters required and their 
current and forecast values can be used to determine the 
limitations that various power delivery elements impose 
on any given situation.  This added intelligence should 
provide greater clarity and improved decisions.  More 
detailed examples of functionality and interoperability 
issues associated with supporting this functionality can be 
found in the NIST Interoperability Framework [1]. 
 

 

SMART GRID ENABLED ASSET 
MANAGEMENT 
The use of more sophisticated control algorithms and 
technologies such as expert systems, inference engines, 
knowledge bases and other advanced processing 
approaches have been studied for over twenty years.  In 
trying to move forward with these ideas in power delivery 
systems, the field has typically run into implementation 
challenges due to the high cost of communications 
systems.  There were no cost effective mechanisms 
established to effectively integrate field equipment to 
enable the widespread use of advanced control algorithms. 
 With the smart grid deployment, communications 
infrastructures are being designed based on open standards 
which will allow more widespread integration with field 
equipment for asset management applications. 

Situation Analysis: Where are we today? 
Today’s transmission systems have a fair amount of 
intelligence.  Energy management system (EMS) employ 
advanced applications such as state estimation, 
contingency analysis, and voltage stability for continuous 
management of generation and power flow on the grid.  
These applications are based on data collection from 



CIRED Workshop   -  Lyon, 7-8 June 2010 
Paper 0017 

  
  

Paper No  ###     Page 3 / 4 

substations throughout the grid with a scan rate ranging 
from 2-4 seconds.   
Besides the EMS system, there is other information 
available to the operator.  Some of these are dynamic line 
ratings, synchrophasor data and variety of condition 
monitoring information.  The majority of this information 
tends to reside outside the EMS and may not be well 
integrated into the overall situational awareness 
capabilities in the control center.   
Much of the condition monitoring information is 
implemented within stand alone systems that monitor 
transformer conditions or circuit breaker conditions.  The 
goal of the smart grid is to make monitoring information 
more generally available to a wide range of applications 
which would include a broader range of asset management 
functions.  Data historians are examples of data 
repositories that provide the infrastructure for this 
objective. 

What does the Smart Grid offer? 
The recent NIST Interoperability Framework provides 
extensive references to a number of standards that are 
suggested to be used as the foundation for the smart grid.  
Most if not all of these standards are designed to have 
interoperability and self description as key elements of 
their make up.  The interoperability feature minimizes the 
work effort to interface applications and data between 
domains.  The self description feature further minimizes 
the labour component by automatically describing a given 
data element.  It also eliminates many of the human errors 
associated with typing and labelling data points since the 
labels get derived from predefined objects.   

Widespread Sensors 
Sensors and actuators in the smart grid are fundamental 
elements required for successful operation of the grid.  It is 
through these devices that the actual power system’s 
reaction to various inputs and outputs is measured.  As in 
classic control systems, it is through sensors that vital 
information about a variety of conditions is received.  The 
sensors convert voltage, current, phase angle, position 
status and other data into manageable signals that are 
either analog or digital in nature.   
Today, these sensor signals are usually sent to a 
centralized operations center for a geographic region.  At 
the operations center various control computers process 
this sensor data into information and control signals.  
Some of the information is routed to displays in the 
control center for system operator to use in the constant 
monitoring and management of the grid.  The information 
is also routed to generators to provide the continuous 
balancing of load and generation and other automatic 
functions.  The system is also capable of responding to 
manual inputs from system operators for manual actions 
such as energizing and de-energizing lines for 
maintenance.   
In the power delivery smart grid, sensors will increase in 

both type and quantity.  In fact, over the last 10-15 years, a 
number of new commercially produced sensors have been 
introduced by suppliers.  These have included transformer 
monitors, circuit breaker monitors, infrared cameras and 
others.  Also, EPRI has been very active in the 
development and commercialization of a whole host of 
sensors for not only typical substation assets but also for 
transmission lines.  These include sensors like the corona 
camera, sag-o-meter, partial discharge, and acoustic 
sensor.  While all of these sensors provide useful 
information to the utility operators and managers, they 
have been difficult to apply due to the lack of wide area, 
high bandwidth communications out to the field assets.  
As a result, many of these remote sensors have been 
limited to periodic data collection, local controls that are 
not integrated with the overall grid management and asset 
management functions, and specialized, proprietary 
communication systems.   
One prevalent sensor at every utility is the microprocessor 
relay.  Each of these relays contains within it a significant 
number of data values that go beyond what is necessary 
for protection.  Included in many of these devices are 
digital fault records, sequence of event recorders, 
calculation of I2t, synchrophasor measurement, breaker 
contact status and timing, etc.  System wide 
communications infrastructure and standard interfaces for 
collecting and managing this information will make this 
valuable data source available to a wide range of 
applications. A simple example - by accumulating the I2t 
value for each circuit breaker over time an algorithm can 
trigger maintenance of the breaker at a prescribed value 
that would be indicative of contact wearing.  Also, by 
monitoring the contact timing values one could identify 
breakers that operated slowly and once again perform 
maintenance.  Simple targeted maintenance can prevent 
costly device failures and also minimize costs by 
maximizing the value of the maintenance efforts. 
The influx of sensors into the electric utility marketplace 
has been extensive (including the installed base of 
microprocessor based relays).  The limitation to fully 
utilize this data for both operations and asset management 
has been limited bandwidth connecting the field assets to 
the utility enterprise and lack of standards for sharing and 
managing the data. 

Data Integration  
The figure below illustrates the general concept of 
utilizing the smart grid to enable asset management 
functions.  Grid data sources are enabled by a widespread 
communication network.  Standards for data integration 
are based on the IEC Common Information Model so that 
the data can be shared by many applications across an 
enterprise service bus.  New analytics will process and 
evaluate this information to optimize the performance and 
maintenance of assets throughout the grid. 
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CONCLUSION 
Smart grid enabled asset management will be a powerful 
tool for electric utility companies in many ways.  It is one 
of the five fundamental technologies that will drive the 
Smart Grid, according to the US Department of Energy 
(along with integrated communications, sensing and 
measurement, advanced control methods and improved 
interfaces with decision support).   
Asset management functions are made possible through the 
implementation of a Smart Grid Conceptual Model and 
architecture that facilitates interconnection within and 
between power system domains with standard interfaces 
that facilitate interoperability.  Asset management functions 
primarily cut across the Operations, Transmission and 
Distribution domains of the Conceptual Model.  Asset 
management functions will take advantage of widespread 
sensors that are integrated with operational functions in 
each of the domains but can be used for a wide variety of 
functions even across domains through interoperability 
standards like the Common Information Model (CIM).  The 
CIM standards and many other standards to facilitate 
interoperability are described and referenced in the  
NIST Interoperability Framework Version 1.0 
[1].Developing the proper foundation elements including 
security and leveraging industry standards to ensure 
interoperability between systems and devices will help 
minimize costs of asset management functions and many 
new applications that we haven’t even thought of yet. 

 RESEARCH NEEDS 
Future research in asset management applications within 

the smart grid should take place in two areas.  The first 
should be with respect to specific assets, such as 
transformers, circuit breakers, etc.  These research efforts 
should analyze the data sources available associated with 
these assets and look for ways to tap into the data for more 
comprehensive diagnostics, performance assessment, 
lifetime estimation, maintenance optimization, and 
replacement strategies. The other area of future work will 
need to be in enhancing the computational capabilities to 
deal with the large volumes of asset specific data and 
developing algorithms to adequately interpret the data and 
turn it into actionable information. 
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