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s utilities pursue innovative 
approaches to improve power 
factor, manage voltage, and con-

nect distributed energy resources to the 
grid, the adoption of advanced metering, 
new sensors, and communications infra-
structure is moving the concept of a smart 
grid toward reality. These technologies 
enable such intermittent energy resources 
as solar photovoltaics and wind to be inte-
grated into the grid. A key challenge will 
be to incorporate growing numbers of 
these resources, along with demand 
response and storage, into the distribution 
systems and their operations.   

Electric vehicle charging, for example, 
may change power profiles along the dis-
tribution feeder for some utilities, which 
are trying to understand the options and 
impacts of charging at various times and 
locations. Charging when variable 
resources such as wind and photovoltaic 
generation are available may help balance 
demand and supply on the grid. Grid-
connected photovoltaics have increased 
significantly for more than a decade, rais-
ing operational issues ranging from safety 
to maintaining the voltage within specific 
limits along the feeder. Using smart 
inverter technology, utilities may have the 
opportunity to use the distributed electric 
vehicle resource to manage power quality 
in the distribution system. 

Information and communications tech-
nologies in smart grids are required for 
integrating distributed energy resources. 
Deploying automated meters and distribu-
tion automation systems supports those 
infrastructure requirements and may be 
more cost-effective for utilities than add-
ing new central generation plants and 
related power delivery facilities, but ques-
tions remain about how best to deploy 
these resources. To help answering these 
questions, EPRI in 2008 launched the 
seven-year Smart Grid Demonstration Ini-
tiative, which now involves 19 interna-
tional utilities and includes 11 large-scale 
smart grid demonstration projects. One 
goal is to share the best information and 
lessons learned on integrating distributed 

energy resources and specific technical 
issues of various distribution systems. 
These issues include how to achieve better 
voltage/VAR (volt-ampere-reactive) con-
trol when accommodating more renew-
able resources. 

Growing industry interest and the many 
new smart grid projects around the world 
have prompted EPRI to extend the initia-
tive through 2014, and it is again accept-
ing new members in the international col-
laborative research project.

“The Smart Grid Demonstration Initia-
tive provides a unique opportunity to 
develop ways of coordinating the opera-
tion of a large number of distributed 
energy resources with two-way communi-
cations, while giving participants hands-
on experience with the integration pro-
cess,” said EPRI program manager Matt 
Wakefield. “At the same time, the interop-
erability standards will allow higher pene-
tration of distributed energy resources so 
that they can achieve their full potential.” 

Operations Improvements 
Even before work began at the utility host 
sites, EPRI had been working with partici-
pants to develop a foundation of tools and 
references to support the design of smart 
grid implementation. Host-site projects 
are applying EPRI’s IntelliGridSM method-
ology to define the applications and iden-
tify the communication, information, and 

control infrastructures required to facili-
tate integration of distributed energy 
resources. Applications include distribu-
tion system planning and operations, inte-
gration into existing distribution automa-
tion approaches, and the capabilities 
required for these resources to be moni-
tored and dispatched by the utilities’ oper-
ations control centers and included in 
market operations.     

One major result is the Distributed 
Resource Integration Framework, which 
stakeholders can use in planning and com-
paring integration projects.

For example, Kansas City Power & 
Light (KCP&L) adopted a design model 
that centers on the SmartSubstation con-
cept. Using this design, KCP&L is work-
ing with select partners to integrate dis-
tributed energy resources to benefit an 
underserved population in a designated 
“Green Impact Zone” and in the sur-
rounding urban area. Smart grid elements 
in this demonstration include rooftop 
photovoltaics, grid-connected battery stor-
age, distribution voltage control, and 
demand-response thermostats and other 
devices on customers’ premises.

FirstEnergy is focusing on demand 
management for its design. The company 
has programs that use a two-way commu-
nications system to provide 23 megawatts 
of direct load control on equipment at 
20,000 residential customer locations. The 
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the major challenges to integrating distributed 
energy resources with utility distribution systems. 
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plan also includes installing permanent 
peak load shifting equipment, energy stor-
age units, and distribution line sensors. 
The Integrated Distributed Energy 
Resource (IDER) load management plat-
form will integrate these technologies to 
deliver distribution system operational 
benefits.

Surge of Distributed 
Photovoltaics 
Thanks to favorable policies and the steady 
improvement in the efficiency and cost of 
photovoltaics, the deployment of distrib-
uted photovoltaic systems has grown 
25%–40% over the past decade. At the 
same time, there has been a shift from 
stand-alone installations in remote areas to 
grid-connected systems, which now 
account for about 90% of capacity addi-
tions. As a result, distributed photovoltaic 
systems are affecting distribution net-
works, requiring additional controls for 
operating feeders with a high penetration 
of these devices. Smart grid technologies 
will provide distribution companies with 
the monitoring and control functions nec-
essary to effectively manage the power 
generated by the new systems while main-
taining the voltage profile along the feeder. 

Renewable portfolio standards and 
other regulations are driving photovoltaics’ 
deployment in ways that point to a future 
with greater reliance on distributed 
resources. For example, photovoltaic sys-
tems can be owned by consumers and can 
be connected to the grid. Utilities own and 
install photovoltaic systems on their prop-
erty or on leased rooftops and connect 
them to the distribution system as an 
energy resource. These can be treated the 
same as other regulated assets within the 
utility’s control. Of the 11 smart grid dem-
onstrations, 8 involve photovoltaic-related 
projects.

PNM Resources is exploring ways to 
integrate high-penetration distributed 
photovoltaic systems at customer sites and 
utility substations with storage capability. 
This project will evaluate smart inverter 
interface technologies to enhance system 

benefits and identify rate structures and 
storage control algorithms to help resolve 
time-related issues associated with a high 
penetration of renewable generation. 
PNM also is studying ways to use build-
ings’ energy management systems to 
smooth some of the intermittency of pho-
tovoltaic generation. For example, adjust-
ing the speed of ventilation fans in a large 
building can help compensate for fluctua-
tions in the power output without affect-
ing building temperature.

“When distributed energy resources 
such as photovoltaics begin to challenge 
voltage regulation, coordination of protec-
tion, and eventually energy balance, utili-
ties can utilize their smart grid technolo-
gies to control the impact,” said EPRI 
program manager Tom Key. “The current 
demonstration projects will provide criti-
cal insights on how to manage this process, 
as well as reveal new opportunities for 
utilities to take advantage of increased 
photovoltaic use to meet their own techni-
cal and business needs.”

Preparing for Electric Vehicles 
The smart grid demonstrations address 
another major utility concern: coping 
with an expected increase in electricity use 
resulting from widespread use of plug-in 
electric vehicles (PEVs). Charging PEVs 

may create new patterns of electricity use 
and require utilities to assess the distribu-
tion system impact of various charging 
options. 

Duke Energy’s smart grid demonstra-
tion project examines how residential pho-
tovoltaic systems can be used to help the 
utility prepare for widespread adoption of 
PEVs and stationary energy storage. The 
utility will equip several homes with 
2.5-kilowatt photovoltaic units, which can 
be used to charge electric vehicles in con-
junction with a home energy management 
system. Duke expects 300–500 PEVs will 
be on the roads and using its grid for 
charging by the end of 2011. The project 
also involves installing some 40,000 
advanced meters and the use of dynamic 
pricing for load control.

The demonstration project of Ireland’s 
ESB Networks will examine charging lev-
els and times for PEVs and investigate 
optimizing rates and controls in order to 
maximize the ability of secondary net-
works to accommodate them. ESB plans to 
install some 2,000 residential charging 
points across its service territory by 2011. 
By testing time-of-use rates, it plans to 
gauge the impacts of smart meters and 
dynamic pricing on customer behavior. 
With significant wind generation  
already in service, the utility targets 40%  
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of electricity provided from renewables by 
2020 and expects about half of that will be 
connected to the distribution system. It is 
evaluating optimal scenarios for large pen-
etration of distribution-connected wind 
generators and the potential for electric 
vehicle charging as a ballast load for wind 
generation. 

Standards Development 
Another objective of the Smart Grid Dem-
onstration Initiative is to identify the most 
effective approaches for integrating dis-
tributed resources and the best ways to 
provide these insights to the standards-
making process for the interoperability of 
equipment used in smart grids. EPRI is 
taking the lead for creating a common set 
of semantics for two important standards 
promulgated by the International Electro-
technical Commission (EIC): the IEC 
Common Information Model, widely 
used to support real-time power system 
operations, and the IEC 61850 series of 
standards, which apply primarily to sub-
station automation. Individual demon-
stration projects will identify additional 
gaps in existing standards and help coordi-
nate standards implementation with the 
National Institute of Standards and 
Technology. 

Assessing Benefits 
Smart grids are expected to provide 
numerous benefits for consumers, utilities, 
and other stakeholders. These include 
reducing peak load, increasing utilities’ 
operating efficiency, facilitating greater 
penetration of distributed renewable 
resources, and providing for smart charg-
ing of PEVs. It can be difficult, however, 
to estimate specific costs and benefits from 
individual smart grid functions for each 
stakeholder. EPRI and the U.S. Depart-
ment of Energy are jointly developing a 
methodological framework for estimating 
these benefits. 

The framework sets out a 10-step pro-
cess for identifying smart grid functions, 
mapping those functions to potential ben-
efits, and quantifying the monetized value 
of the benefits. It also provides the basis for 
further assessment, including developing a 
computational tool. It will be used to esti-
mate costs and benefits of demonstration 
projects already under way and to estimate 
potential benefits of proposed projects.

“One of the most beneficial applications 
will be integrating distributed energy 
resources into utility applications,” said 
Wakefield. “Ultimately, the goal is to cre-
ate a way of coordinating the operation of 
large numbers of distributed energy 
resources so that they can be dispatched as 

a virtual power plant. Such interoperabil-
ity is critical if these resources are to reach 
the level of penetration needed to have this 
major impact.”

Tom Key added: “Smart grid technolo-
gies will be critical for introducing more 
renewable resources at the distribution sys-
tem level. The current demonstrations 
allow utilities to get hands-on experience 
with a range of distributed energy tech-
nologies, evaluate new applications, and 
identify best practices and opportunities 
for grid modernization.”

This article was written by John Douglas. For 

more information, contact Matt Wakefield, 

mwakefield@epri.com, 865.218.8087, or  

Tom Key, tkey@epri.com, 865.218.8082.
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