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Advanced Meter Infrastructure (AMI) systems 
and technologies have recently been the focus 
of rapid advancement and significant 
investment by both vendors and utilities. AMI 
affects changes in the price of electricity 
through pricing programs such as Time-of-Use 
(TOU), Critical Peak, Real Time Pricing, and 
Peak Time Rebates. AMI is also revolutionizing 
utility operations by bringing near real-time 

data into the enterprise for the first time, and 
unleashing powerful integrations with other 
utility information technology systems.  

Just as these systems have begun widespread 
implementations, the increasing emphasis on 
Smart Grid applications involving Distribution 
Automation (DA) and Demand Response (DR) 
have the potential to stall or modify these 
deployments as utilities evaluate if the AMI 
technologies are sufficiently “future proofed” to 
support the Smart Grid. The Department of 

Energy’s (DOE) Smart Grid Task Force defined 
the Smart Grid as a future power delivery grid 
that: 

 Enables active participation by consumers  

 Accommodates all generation and storage 
options  

 Enables new products, services and markets  

 Provides power quality for the range of 
needs in a digital economy  

 Optimizes asset utilization and operating 
efficiency  

 Anticipates and responds to system 
disturbances in a self-healing manner  

 Operates resiliently against physical and 
cyber attacks, and natural disasters 

An AMI system touches all of these criteria to 
various degrees, and is a key building block in a 
Smart Grid vision. An analysis of the capability 
of an AMI system to support the Smart Grid 
needs to focus not just on present capability, 
but on robustness or future expandability. 
“Future proofing” needs to take into account 
the unknowns related to technology as well as 
marketplace and business dynamics. While it is 
impossible to predict the future, good 
engineering and business practices can 
appreciably reduce the risk of an AMI system 
limiting the potential of the Smart Grid. 

In examining the effect of AMI on the Smart 
Grid, it is helpful to break down an AMI system 
into its major components: Smart Meters, 
Communication Network, and Head-end 
software. Each of these components needs to be 
considered in their capability to accommodate 
Smart Grid expandability (See Table 1). 

SMART METERS 

It is likely that the Smart Grid will desire future 
advanced capability within the meter itself, and 
one immediate area of work is having the meter 
support DR applications. Demand Response is 
one of the newest and fastest growing 
requirement areas for AMI systems. For the 
meter itself, DR visions can take the form of 
Home Area Networks (HAN), in which some 
vendors foresee that the meter will be a portal 
into the HAN, through RF into home devices. 
While many systems have been piloted, few 
have attained significant production foot prints.  

An inherent issue with any meter upgrade in 
the field is the cost of replacing components, 
modules, or even the meters themselves. 
Therefore utilities should carefully examine 
their business cases to see if adding advanced  



 

 

Table 1. Major Components of an AMI System: Capabilities and Considerations for 
Accommodating Smart Grid Expandability 

MAJOR AMI 
SYSTEM 
COMPONENT 

 
CAPABILITIES 

 
CONSIDERATIONS 

Smart Meters • Collect usage data in discrete time intervals 
that allows a utility to charge time-differentiated 
rates for electricity usage. 

• Can also perform other useful advanced 
functions, such as remote connect/disconnect. 

• The Smart Grid will also desire future 
advanced capability such as having the meter 
support DR applications.  

• High degree of risk to implement DR via Smart 
Meters now, as the marketplace and technology 
are still crystallizing. To reduce this risk, a meter 
that allows different HAN technologies to “plug in” 
into a universal port using standard protocols can 
minimize the impact of a future HAN technology 
emerging. 

• Utilities should carefully examine their business 
cases to see if adding advanced capabilities 
during their initial AMI deployment are justified 
versus adding that capability in the future.  

Communication Network • In relation to Smart Grid, the weakest of the 
three AMI components. 

•  Information flow is dominated by the meter to 
head-end data flows, and communication 
networks are usually designed, sized, and 
implemented with that in mind.  

• If future DR applications envision pushing 
more data into the home using the AMI 
network, there is potential to saturate the AMI 
communication system.  

• Communication network architecture should plan 
not only for increased bandwidth but also for 
multiple ways of communicating to the meter for 
DR or HAN purposes, possibly including using a 
homeowner’s internet connection.  

• To enable DA, utilities can architect an AMI 
communication solution that is robust enough to 
handle the distribution elements that control and 
monitor the distribution grid. The DA devices will 
be far fewer in number than the meters and 
therefore bandwidth requirements will be a 
percentage of the meter needs; however DA 
traffic has more stringent latency requirements 
than meter data traffic. 

• Communication architecture should also take into 
account directing the flow in an intelligent 
manner, so that only selected components of the 
chain back to the head-end need to be sized for 
the future.  

Head-End Software • Software responsible for the meter data 
collection as well as network management and 
monitor and control capabilities of the vendor’s 
AMI solution.  

• All major AMI systems then pass the meter 
data to a MDMS for further processing of the 
raw meter data.  

• Concerns about the head-end supporting the 
Smart Grid center on the scalability of the 
vendor software, as well as access to other 
devices present in the system.  

• Head-end software which is scalable, flexible, and 
open will mitigate most concerns with Smart Grid 
applications. 

• Scalability: The potential for the head-end to 
increase its load varies among vendors, and 
should be an area of investigation early in the 
procurement cycle. Utilities should look not only 
at scalability from an analytical viewpoint, but also 
the track record of vendors to handle large 
service territories and meter populations.  

• Openness and integration ease: Access to the 
head-end software may be needed to develop 
custom modules, or integrate at a low level with 
third party applications. Such flexibility may also 
be needed for instance to direct communications 
with DA devices to other software systems.  

 



 

capabilities during their initial AMI deployment 
are justified given the potential of adding that 
capability in the future. A useful example is 
remote connect/disconnect, which at one time 
was quite expensive so many utilities deployed 
meters with that capability selectively. Now 
that the price point has dropped, utilities are 
deploying these meters universally to avoid 
future field visits as the technology becomes 
operationally accepted. 

COMMUNICATION NETWORK 

Of the three AMI components, the weakest link 
in relation to Smart Grid is the communication 
network. The information flow is dominated by 
the meter to head-end data flows, and 
communication networks are usually designed, 
sized, and implemented with that in mind. If 
future DR applications envision pushing more 
data into the home using the AMI network, 
there is potential to saturate the AMI 
communication system.  

Utilities may also want to leverage their 
investment in the AMI communication network 
to enable DA capabilities. Rather than invest in 
a separate network to communicate to 
distribution elements that control and monitor 
the distribution grid, it is possible to architect a 
communication solution that is robust enough 
to handle the additional elements.  

The communication architecture should also 
take into account directing the flow in an 
intelligent manner, so that only selected 
components of the chain back to the head-end 
need to be sized for the future. This may 
require more hardware to make parallel paths 
before aggregation, but may be cost effective. 
For instance, if the AMI system meter collection 
point uses RF to communicate to devices, and 
then uses secure internet back to the head-end, 
it is easy to increase the size of the internet 
pipe in the future. 

HEAD-END 

The head-end is the least susceptible 
component with respect to future Smart Grid 
support and integration, due to the fact that it is 
software based and hosted at one location 
(possibly more for disaster recovery purposes). 
Concerns about the head-end supporting the 
Smart Grid center on the scalability of the 
vendor software, as well as access to other 
devices present in the system.  

Scalability is a concern even for the core AMI 
functionality. If the core software architecture 
is robust enough, then standard techniques 
such as more or faster hardware, and load 
sharing between multiple CPU’s should suffice 
to future proof it.  

The openness of the head-end software and the 
integration ease should also be reviewed. Since 
Smart Grid applications continue to develop 
and evolve, it is possible that access to the 
head-end software may be needed to develop 
custom modules, or integrate at a low level 
with third party applications.  

BUSINESS ASPECTS 

Another important element of future proofing 
AMI systems for the Smart Grid is the 
marketplace and business dynamics. This 
element is probably most critical for utilities 
that are still evaluating AMI vendors and which 
system is best for them. A robust vendor 
selection process that incorporates the 
technical concerns described previously will 
mitigate utility risk in the chosen path. In 
addition to the technical aspects, the 
marketplace success and track record of the 
vendor at other utilities carries a lot of weight. 
A vendor that demonstrates flexibility and 
initiative will adapt more readily in the face of 
future Smart Grid developments. Finally, the 
product road map of the vendors should be 
examined for the depth of commitment to DR 
and DA applications.  



 

SUMMARY 

AMI is a major enabling piece of the emerging 
Smart Grid, so selecting vendors and executing 
the project to ease development and 
deployment of applications involving 
distribution automation and demand response 
will ensure that the foundation is strong. The 
AMI communication network has the most 
potential to influence and be affected by Smart 
Grid developments, so data bandwidth and 
interoperability flexibility with other systems 
are an important focus. Smart meters should 
account for unknowns in the area of DR and 
HAN by emphasizing universal ports or sockets 
around industry standards that allow for future 
modules to be plugged in. The scalability and 
openness of the head-end software will be vital 
for Smart Grid integration. Lastly, the AMI 
vendor will be a partner for many years so a 
careful examination of the vision, track record, 
flexibility, and ease of working with the vendor 
should be a priority.  
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